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This Perspective article explores the challenges associated with the direct application 
of photobiomodulation (PBM) to the gut and presents a novel hypothesis for 
indirect gut health modulation through oral microbiome alteration. Given the 
difficulties in delivering PBM effectively to deep gastrointestinal tissues, an alternative 
approach involves targeting the oral microbiome, which has a demonstrated 
relationship with the gut microbiome. Research indicates that PBM applied to 
the oral cavity could selectively alter microbial composition. This alteration may, 
via the oral-gut microbiome axis, indirectly impact gut health. This hypothesis, 
supported by preliminary studies, suggests that oral PBM could offer a promising 
non-invasive strategy for managing gut-related disorders. Furthermore, there may 
be a link between the oral microbiome and brain diseases. Given the proximity 
to the brain, PBM-induced changes in the oral microbiota could indirectly help 
prevent neurological disorders. However, further investigation is necessary to 
comprehensively elucidate the underlying mechanisms and therapeutic implications 
of this approach.
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1 Introduction

Numerous systemic diseases, particularly those associated with chronic inflammation, have 
recently been linked to the state of the gut microbiome (1). While the precise characteristics of 
a “healthy” gut microbiome remain undefined, growing evidence has identified specific 
microbial phyla and genera that promote gut health, as well as those that may contribute to 
disease (2). Research is increasingly focused on strategies to shift the microbiome toward a 
healthier state, including advancements in the emerging field of “photobiomics” (3, 4). The 
concept of “photobiomics” pertains to the examination of the effects of light on metabolic 
processes and the microbiome, along with the interactions that occur between these two 
components. Additionally, the relationship between the oral and gut microbiomes, known as 
the oral-gut microbiome axis, offer a novel avenue for further research (4).

This article aimed to examine the intricate relationship between the oral and gut 
microbiomes, addresses the difficulties associated with directly applying light to the gut, and 
introduces a novel hypothesis suggesting that gut health can be indirectly affected by changes 
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in the oral microbiome. Additionally, considering the growing 
evidence on the role of gut-derived immune cells in neuroprotection 
(5), we proposed that alterations in the oral microbiome could not 
only impact gut health but also influence the gut-brain axis.

1.1 Definition of microbiome

The human microbiome is a complex ecosystem comprising over 
1012 microorganisms, including bacteria, fungi, archaea, and protozoa, 
residing in diverse anatomical sites throughout the body, such as the 
skin, mouth, and gastrointestinal tract (6). Each of these microbial 
communities has adapted to its specific environment, with unique 
physical and chemical properties. The gut and oral microbiomes, in 
particular, are two of the most diverse and populated microbial 
ecosystems in the human body, playing critical roles in health and 
disease. These microbiomes play a crucial role in facilitating vital 
physiological processes, such as digestion, nutrient absorption, 
immune system modulation, and even mood and cognitive functions 
(7). The oral microbiome represents one of the most intricate and 
dynamic assemblages of microbial communities. It contains distinct 
habitats, such as dental plaque, the tongue, and saliva, which host 
hundreds of microbial species, including bacteria from phyla like 
Bacteroidetes, Firmicutes, and Actinobacteria. Additionally, age, diet, 
and lifestyle factors influence the diversity and composition of the oral 
microbiome (8). The gut microbiome is similarly complex, with most 
microbes residing in the large intestine, where they contribute to 
processes such as the fermentation of non-digestible carbohydrates 
and synthesis of short-chain fatty acids (SCFAs) (9, 10).

1.2 Gut microbiome and systemic disease

The gut microbiome constitutes a heterogeneous and intricate 
assemblage of microorganisms residing in the gastrointestinal (GI) 
tract. Among these, the strictly anaerobic lineages of Firmicutes and 
Bacteroidetes predominantly thrive in healthy individuals (11). This 
microbial community is essential for sustaining human health, as it 
facilitates digestion and modulates the immune system, synthesizing 
essential nutrients, and protecting against harmful pathogens (11). It 
facilitates the processes of digestion and nutrient absorption, regulates 
metabolic functions, modulates the immune system, and provides 
protection pathogens. This microbial community achieves a delicate 
balance with its host, promoting overall health (12). However, 
disruptions to this balance, or dysbiosis, have been implicated in a 
wide range of systemic diseases, from GI disorders (13) to metabolic 
(14) and neurodegenerative diseases (15). Gut dysbiosis, characterized 
by an imbalance in the composition and functionality of the gut 
microbiome, and has been linked to a variety of diseases (16). For 
instance, obesity and metabolic syndrome are associated with elevated 
levels of specific bacterial species that enhance energy extraction from 
dietary intake, thereby contributing to weight gain (14). Colorectal 
cancer (CRC) has been associated with an elevation in 

pro-inflammatory bacterial populations, which can stimulate tumor 
formation through inflammatory processes and DNA damage (17). 
Additionally, inflammatory bowel diseases (IBD), which encompass 
Crohn’s disease and ulcerative colitis, have been correlated with 
reduced microbial diversity and increased pathogenic bacteria, leading 
to chronic inflammation and compromised gut barrier function (18).

1.3 Gut-brain axis

Emerging research suggests a relationship between the gut 
microbiome and the central nervous system (CNS), referred to as the 
gut-brain axis (19). This bidirectional communication pathway 
involves the nervous system, immune responses, and microbial 
metabolites. Dysbiosis in the gut has been shown to affect neurological 
health by compromising the integrity of the blood–brain barrier, 
resulting in increased permeability and persistent neuro-
inflammation. Metabolites, including SCFAs synthesized by gut 
microbiota, may influence cognitive function and could play a role in 
the pathogenesis of neurodegenerative disorders such as Alzheimer’s 
and Parkinson’s disease (20). Recent findings further suggest that 
gut-derived immune cells, particularly IgA-secreting plasma cells, 
contribute to CNS immune defense by localizing to the meninges and 
forming a protective barrier near dural venous sinuses. This highlights 
the intricate link between gut immunity and brain homeostasis, 
reinforcing the gut-brain axis as a critical factor in neurological 
health (5).

1.4 Oral microbiome and systemic disease

The oral microbiome represents the second most diverse microbial 
community within the human body, comprising numerous species of 
bacteria, fungi, viruses, and archaea. This community inhabits 
multiple oral environments, such as the teeth, gums, tongue, and 
saliva, thereby constituting one of the most intricate and dynamic 
microbial ecosystems in the body, which plays a crucial role in 
maintaining oral health (21). The composition of the oral microbiome 
is affected by various factors, including dietary habits and lifestyle, 
stress, tobacco use and underlying health conditions (22). Disruption 
of balance within the microbial community can result in dysbiosis, 
which is linked to oral health issues, including periodontitis (23) and 
dental caries (24), and has also been correlated with a range of 
systemic diseases (23).

Dysbiosis of the oral microbiome has been associated with various 
chronic diseases. One notable example is periodontitis, which is 
characterized as an inflammatory disorder that impacts the tissues 
surrounding the teeth, and has been associated with systemic 
conditions like diabetes, rheumatoid arthritis (RA), cardiovascular 
diseases, respiratory diseases, proximal colorectal neoplasm, sporadic 
colorectal cancer, osteoporosis and unfavorable pregnancy outcomes 
(25–27). Patients with diabetes often experience an overgrowth of 
bacteria including Capnocytophaga, Porphyromonas and 
Pseudomonas, which exacerbate periodontal inflammation (28). In 
people with RA and systemic lupus erythematosus, elevated levels of 
bacteria such as Prevotella and Selenomonas have been observed (29, 
30), possibly due to the influence of inflammatory cytokines like 
interleukin-17 (IL-17) (31). Targeting these cytokines with 

Abbreviations: aPDT, Antimicrobial photodynamic therapy; CNS, Central nervous 

system; CRC, Colorectal cancer; GI, Gastrointestinal; GM, Gut microbiome; IBD, 

Inflammatory bowel diseases; PBM, Photobiomodulation; RA, Rheumatoid arthritis.
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anti-inflammatory medications may help in restoring microbial 
balance within the oral cavity, especially in conditions like RA (32).

1.5 Systemic implications of oral bacteria

The concept of the oral microbiome’s influence on systemic health 
was first proposed by Willoughby D. Miller in 1891 (33). Today, it is 
widely accepted that oral bacteria can impact other body systems 
(34–36). For instance, certain pathogens from the oral cavity can 
migrate to other organs, potentially contributing to diseases such as 
atherosclerosis (37), pneumonia (38), and cancer (39). Oral bacteria 
like Streptococcus species and Fusobacterium nucleatum have been 
associated with various health conditions such as heart disease and 
colorectal cancer (40, 41). These bacteria are thought to contribute to 
systemic inflammation and may influence the development and 
progression of these diseases through direct bacterial translocation or 
via inflammatory mediators (41).

Recent advances in sequencing and metagenomics analysis have 
resulted in better understanding of the microbial composition present 
in the oral cavity and its implications for systemic diseases (25, 42). 
Personalized treatments, such as probiotics, vaccines, and 
microbiome-based therapies, are being explored to prevent or manage 
microbial imbalances (43). Such therapies aim to reduce reliance on 
antibiotics, address specific microbial profiles, and create a more 
balanced microbial environment. These advancements highlight the 
potential for personalized approaches to managing diseases associated 
with oral dysbiosis, ultimately improving health outcomes by restoring 
microbial balance (44). There is a continued need for understanding 
both gut and oral microbiomes in order to formulate targeted and 
personalized therapeutic strategies within contemporary healthcare.

1.6 Oral–gut microbiome

The interaction between the oral and gut microbiomes is crucial 
in the onset and progression of numerous systemic diseases, 
encompassing GI disorders and malignancies (45). Studies show that 
oral bacteria have the capacity to translocate to the gastrointestinal 
tract, especially in patients with conditions such as bowel cancer and 
RA (45). Saliva provides a protective environment for these bacteria, 
which can travel and survive in the GI system (46). Research has 
shown that specific bacteria from the mouth, such as Porphyromonas 
gingivalis, when present in the gut leads to significant changes in the 
gut microbiome (47). This translocation can exacerbate inflammatory 
conditions, including diabetes and colitis, in animal models (48). In 
cases of periodontitis, patients are found to ingest large amounts of 
P. gingivalis daily, which subsequently modifies the composition of gut 
microbiome in animal models (45). These bacterial shifts increase the 
risk of chronic infections and inflammation. For example, in murine 
models, oral injuries or periodontitis promote the translocation of oral 
bacteria into the bloodstream, allowing pathogens like Fusobacterium, 
known to be  associated with colorectal cancer, to access tumors 
through the circulatory system (49). Microbial dysbiosis is observed 
in both the oral and gut microbiome of patients with chronic liver 
diseases, including cirrhosis (50). This dysbiosis is associated with 
increased inflammation, impaired liver function, and a higher 
likelihood of liver cancer (50). The oral-gut microbiome axis has been 

associated with other cancers, such as pancreatic cancer, suggesting 
that migration of oral bacteria to the GI tract may contribute to 
cancerous developments in other organs (51).

Investigations of P. gingivalis in mice has demonstrated its impact 
on systemic inflammation and metabolic changes. When administered 
orally, P. gingivalis significantly alters the gut microbiome, leading to 
insulin resistance and metabolic endotoxemia—an inflammatory 
response triggered by toxins from gut bacteria entering the 
bloodstream (52, 53). Moreover, P. gingivalis has the potential to 
undermine the integrity of the intestinal barrier, leading to increased 
gut permeability and promoting systemic inflammation, contributing 
to metabolic disorders (53).

Comprehending the intricate interactions between the oral and 
gut microbiomes is crucial for advancing strategies in diagnostics, 
treatment, and personalized medicine. The presence of specific oral 
pathogens in the gut has been associated with various diseases, 
including colorectal cancer, liver diseases, and metabolic syndrome. 
Further research into these pathways could unlock new therapeutic 
options for managing these conditions.

1.7 Oral-brain axis in neurodegenerative 
disorders

The oral microbiome plays a critical role in both oral and systemic 
health by supporting immune function, defending against pathogens, 
and aiding digestion. Emerging research (54) has highlighted its 
influence on the oral-brain axis—a bidirectional communication 
pathway connecting the oral microbiome to the brain via neural, 
immune, and biochemical mechanisms (55). Recent research indicates 
that dysbiosis within the oral microbiome may play a role in the 
development of neurodegenerative disorders, including Alzheimer’s 
and Parkinson’s diseases (56). For instance, studies have reported that 
individuals with Alzheimer’s disease tend to exhibit lower oral 
microbial diversity compared to healthy individuals (57). Additionally, 
research on adolescents has found a strong correlation between higher 
α-diversity of oral microbes and better cognitive function (58). The 
oral microbiome can impact brain health through the oral-brain axis 
via mechanisms such as inflammation, pathogen invasion, and 
metabolic byproducts. Chronic oral infections, such as periodontitis, 
can release inflammatory cytokines and neurotoxic compounds, 
including those produced by Porphyromonas gingivalis. These 
compounds may enter the bloodstream, disrupt the blood–brain 
barrier, or travel along cranial nerves to the brain, triggering neuro-
inflammation (59). The detection of specific factors from P. gingivalis 
in systemic circulation supports the hypothesis that the oral 
microbiome is implicated in the development of neurodegenerative 
disorders like Parkinson’s disease. These processes may compromise 
the blood–brain barrier, promote amyloid-β accumulation, and 
exacerbate neurodegenerative pathways linked to Alzheimer’s disease 
(59). Additionally, microbial byproducts such as lipopolysaccharides 
(LPS) can intensify neuronal damage and oxidative stress, further 
contributing to brain health decline (60). Considering the significant 
influence of oral microbiota on brain health, maintaining oral hygiene 
and treating oral microbiome dysbiosis may help reduce systemic 
inflammation and lower the risk of neurodegenerative conditions. 
This underscores the profound interconnectedness of oral and brain 
health. Various methods can address oral dysbiosis, potentially 
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benefiting both oral and brain health by supporting a balanced oral 
microbiota. One such approach is photobiomodulation therapy.

2 Photobiomodulation (PBM) therapy

PBM is a non-invasive light therapy employing non-ionizing light 
sources such as lasers, LEDs, and broadband light to modulate cellular 
activity without producing heat (61). During PBM, photons are 
absorbed by intracellular photoacceptors like cytochrome c oxidase in 
mitochondria and ion channels triggering downstream cellular 
responses (62). Photon absorption increases cellular energy (ATP 
production), activates signaling pathways, and modulates cellular 
responses, leading to benefits in three primary domains: pain and 
inflammation management, immune system modulation, and 
enhancement of wound healing and tissue regeneration (62). Nitric 
oxide (NO) is also released from cytochrome c oxidase, promoting 
vasodilation and increased blood flow to affected areas. PBM can 
increase reactive oxygen species (ROS) under normal conditions, 
stimulating gene expression, protein synthesis, and cellular 
proliferation (63). Conversely, under oxidative stress, PBM have been 
shown to diminish levels of ROS, NO, and nuclear factor kappa B 
(NF-kB), thereby exerting anti-inflammatory effects. This is achieved 
through the reduction of prostaglandin E2 (PGE2) synthesis and the 
downregulation of inflammatory cytokines, including interleukins 
IL-1ß, IL-6, IL-8, IL-12, and tumor necrosis factor alpha (TNFα) (64). 
Studies have demonstrated PBM’s capacity to activate M1 and M2 
macrophages, modulate macrophage phenotypes, activate 
endogenous, latent transforming growth factor (TGF)-β1 and promote 
anti-inflammatory cytokine release, indicating its potential as a 
therapeutic option in conditions expressing chronic inflammation 
(65, 66).

2.1 Photobiomodulation and the 
microbiome

Photobiomodulation is a potentially innovative approach for 
modifying dysregulated microbiomes. Bicknell et al. demonstrated 
that PBM at wavelengths of 660 and 808 nm had an impact on the gut 
microbiota in mice. Specifically, infrared light notably enhanced the 
growth of Allobaculum cells (67). In a related investigation utilizing 
the same wavelength, Thome Lima et al. suggested that PBM may 
facilitate wound healing in murine models by either eradicating or 
suppressing the proliferation of Pantoea agglomerans bacteria (68). 
Moreover, research has shown that PBM can hinder bacterial growth 
by stimulating the generation of ROS, which inflict damage on 
bacterial cellular components, such as the membrane and 
deoxyribonucleic acid (DNA) (69). The ability of PBM to interfere 
with biofilm formation is particularly crucial, as biofilms are associated 
with chronic infections and antibiotic resistance (70). Moreover, PBM 
may affect bacterial resistance mechanisms by potentially reducing the 
expression of resistance genes (71). However, the impact of PBM on 
bacterial virulence and its potential dual effects in certain 
circumstances remain subjects of ongoing research. It is important to 
note that PBM is completely different from antimicrobial 
photodynamic therapy (aPDT) which uses a photosensitizer to 
generate reactive oxygen species for direct bacterial eradication (72).

Recent research into “Photobiomics”—the study of how light 
affects the microbiome—suggests that PBM can positively impact gut 
microbiome composition, with visible and near-infrared light therapy 
showing promise (4). PBM’s anti-inflammatory and redox 
modulation effects are believed to play a role in rebalancing the gut 
microbiome, which is essential for managing various diseases. PBM 
influences the gut microbiome by modulating cytokine levels, 
metabolic pathways, and microbial communities, presenting new 
avenues for therapeutic interventions, particularly in metabolic and 
inflammatory diseases (4, 73). Studies have demonstrated PBM’s 
ability to alter microbiome composition in animal models. For 
example, research involving red (660 nm) and infrared (808 nm) 
PBM in mice showed a significant increase in Allobaculum (a 
bacterium linked to gut health) after the infrared exposure (67). The 
shift in microbial diversity suggests that PBM can be  an adjunct 
therapy for conditions like obesity, cardiovascular disease, and 
neurodegenerative disorders (67). In clinical settings, PBM may 
complement existing microbiome-targeted treatments such as 
probiotics, prebiotics (43), and fecal transplants (74). Research also 
indicates that the microbiome can be  highly responsive to 
environmental factors such as diet and circadian rhythm (75), the 
latter being influenced by exposure to light. By influencing microbial 
activity and reducing inflammation, PBM has the potential to 
improve treatment efficacy for conditions like Parkinson’s disease 
(76) and cardiovascular conditions (77). Additionally, PBM therapy 
may impact metabolic pathways, which could further benefit health 
outcomes by stabilizing gut flora, reducing oxidative stress, and 
enhancing antioxidant levels (67).

2.2 Photobiomodulation in gut microbiome 
(GM)-related disorders

PBM therapy has shown considerable potential in managing 
GM-related disorders by modulating gut microbiome and reducing 
gut inflammation. PBM has been linked to an increase in beneficial 
gut bacteria, including Akkermansia, Faecalibacterium, and Roseburia, 
which are recognized for their role in promoting gut health. Microbial 
modulation reduces inflammation, oxidative stress, and helps restore 
microbial balance, contributing to PBM’s therapeutic benefits in 
GM-related disorders (73).

PBM has shown efficacy in treating gut-related conditions, such 
as IBD, by reducing inflammation and supporting gut microbial 
balance. For instance, exposure to narrow-band UVB light 
demonstrated protective effects against IBD, possibly by promoting 
vitamin D production and enhancing microbial diversity (78). PBM 
(at 904 nm) enhanced the prevalence of beneficial bacterial genera, 
including Akkermansia, Faecalibacterium, and Roseburia, while 
simultaneously diminishing the presence of potentially pathogenic 
genera (79). When near-infrared light at 808 nm was applied for a 
duration 12 weeks to the abdomen in healthy mice, PBM was 
associated with increased beneficial Allobaculum bacterial species, 
suggesting a role for PBM in managing chronic inflammatory 
conditions of the gut (67).

PBM presents a potentially effective strategy for the modulation 
of the gut microbiome in the treatment of various GM-related 
disorders, including neurodegenerative and inflammatory diseases. 
PBM’s ability to influence microbial diversity, reduce inflammation, 
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and support microbial balance makes it a compelling adjunct therapy 
in the management of gut and systemic health (73).

2.3 PBM and neurological disorders with 
dysbiosis

PBM demonstrated potential in the management of neurological 
disorders linked to gut dysbiosis, including Alzheimer’s and 
Parkinson’s diseases (76). Studies in animal models of Alzheimer’s 
disease have demonstrated that PBM at wavelengths of 630 nm and 
730 nm reduced levels of harmful bacteria like Helicobacter pylori and 
Bacteroidales, while increasing beneficial bacteria such as Rikenella. 
This finding suggests that Rikenella may serve a protective function 
and could represent a potential therapeutic target in the treatment of 
neurodegenerative disorders (80). Furthermore, PBM has been linked 
to positive shifts in the Firmicutes-to-Bacteroidetes (F:B) ratio in 
Parkinson’s disease models, indicating a balanced microbiome 
composition that may alleviate symptoms (81).

The results of recent literature highlights PBM’s potential in 
modifying gut microbiome, improving neurological symptoms, and 
offering a non-invasive therapeutic option for people with Parkinson’s 
disease. Although further research is needed, these findings provide 
evidence for the potential efficacy of PBM in treating neurological 
diseases through gut microbiome modulation.

2.4 Key parameters of photobiomodulation 
in oral microbiome management

In a recent published study on the effect of photobiomodulation 
on oral microbiome dysbiosis, a comprehensive review was done on 
the PBM parameters (82). The findings revealed that LEDs have 
demonstrated specific effectiveness based on their wavelengths; for 
instance, 425 nm (blue light) has been effective in killing P. gingivalis 
and E. coli DH5α, while 525 nm (green light) effectively inhibits the 
growth of S. aureus. Conversely, 625 nm (red light) has shown no 
effectiveness against these pathogens. In addition to LEDs, diode 
lasers such as those operating at 66, 810, and 940 nm are commonly 
used for their antimicrobial effects, with 976 nm also noted for 
reducing C. albicans colonies, although not significantly different from 
the negative control.

The power output of PBM devices is an important factor, with 
low-power lasers defined as those operating at less than 250 mW. The 
energy density used in various studies typically ranges from 5 to 100 J/
cm2, indicating a wide variability in treatment protocols. Exposure 
times also differ significantly among studies, with LED treatments 
ranging from 1 to 8 h, while diode laser applications vary from 5 to 
100 s. In terms of treatment protocols, LED-mediated PBM has shown 
a significant reduction in periodontal pathogens, particularly with 
blue light (400–500 nm). For diode lasers, wavelengths around 810 nm 
have been noted to be  particularly effective against C. albicans, 
especially with exposure times of around 40 s. The observed effects are 
attributed to mechanisms such as photo-acceptor activation, free 
radical generation, and subsequent cellular changes that lead to the 
death of pathogenic bacteria (82).

Moreover, combining PBM with exogenous photosensitizers 
presents an opportunity to enhance antimicrobial effects through 

antimicrobial photodynamic therapy (aPDT). While PBM alone has 
shown promising results, the potential synergistic effects of combining 
PBM with aPDT could further improve outcomes in managing oral 
infections. Overall, these findings indicate that while PBM is a 
promising treatment for oral microbiome dysbiosis, further research 
is necessary to standardize treatment protocols for optimal 
effectiveness (82).

3 Challenges and limitations of direct 
photobiomodulation in the gut

The clinical application of PBM directly to the gut is confronted by 
significant barriers that limit its clinical potential. One of the primary 
challenges is the difficulty of delivering light to deep tissues within the 
GI tract. Unlike superficial tissues where PBM can be  applied 
transcutaneously, the gut is surrounded by multiple layers of tissue that 
act as barriers to light penetration. The gut’s layered structure—with 
mucosal epithelium, lamina propria, muscularis mucosae, submucosa, 
muscle layers and serosa— and overlying abdominal tissues significantly 
attenuate the intensity of incident light (83). Even with optimized near-
infrared (NIR) wavelengths (typically in the 760–1,500 nm range, where 
penetration is maximized), absorption and scattering by these tissues 
greatly reduce the effective light dose reaching the deeper layers. Beyond 
light penetration, the optical properties of gastrointestinal tissues further 
complicate PBM delivery. GI tissues exhibit high variability in scattering 
coefficients, refractive indices, and absorption characteristics, making it 
difficult to ensure uniform irradiation of target areas. Chromophores 
such as hemoglobin, water, and lipids differentially absorb light across 
the NIR spectrum, leading to heterogeneous energy distribution. 
Additionally, the high-water content of the gut lining increases 
absorption in the infrared range, limiting deep tissue effects (84). The 
gut is not a static organ; rather, it undergoes continuous peristaltic 
movement, segmental contractions, and changes in luminal volume due 
to food intake, digestion, and gas production. These dynamic processes 
introduce several challenges for PBM. The movement of intestinal loops 
within the abdominal cavity alters the spatial orientation of irradiated 
tissues over time, leading to inconsistent dosing and affecting 
reproducibility and therapeutic outcomes (85). Continuous contractions 
and relaxations of the gut wall may change the distance between the light 
source and target tissues, leading to fluctuations in energy delivery. In 
some cases, this movement may reduce effective irradiation time per 
unit area, diminishing PBM’s biological effects. Additionally, the gut 
lumen contains a complex mixture of digestive fluids, mucus, and 
microbiome, all of which affect light transmission and absorption. The 
presence of partially digested food, bile acids, and intestinal secretions 
can scatter or absorb light before it reaches target tissues, further 
complicating dose standardization. Furthermore, the direct application 
of PBM in GI need invasive procedures, such as endoscopy and 
colonoscopy, which necessitate anesthesia and incur additional costs. 
Additionally, since PBM is typically administered over multiple sessions, 
the direct application does not appear to be a practical approach. While 
PBM has demonstrated benefits in modulating inflammatory and 
immune responses, the gut microbiome’s presence and complexity may 
influence or even counteract these responses in unpredictable ways. 
Bacterial interactions with host immune cells and gut epithelial cells may 
alter PBM’s intended outcomes, particularly when dealing with a diverse 
and shifting microbial community (3). These factors remain to be tested 
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and addressed. It is worth noting that in the future, PDT could offer a 
more targeted approach by selectively modulating the gut microbiome 
to achieve desired therapeutic effects. Advances in endoscopic light 
delivery systems and minimally invasive techniques may also help 
overcome some of these current limitations. However, further research 
is needed to refine these strategies and establish clinically viable protocols.

3.1 Hypothesis: indirect modulation of gut 
health via oral microbiome alteration

Considerate of the known and potential limitations, an alternative 
approach may involve targeting the oral microbiome as an indirect 
means of influencing gut health. The oral cavity contains a diverse and 
intricate microbial community that continuously migrates to the gut 
through swallowing, creating a dynamic relationship between the oral 
and gut microbiomes (46). Research suggests that changes in the oral 
microbiome can lead to downstream effects on gut microbial 
composition, particularly in the upper GI tract where colonization by 
oral bacteria is common (86). PBM could be applied to the oral cavity to 
selectively influence the composition and function of the oral 
microbiome. Previous studies of PBM have shown its capacity to 
modulate microbial communities by affecting bacterial cell proliferation, 
biofilm formation, and even specific pathogen suppression (69). By 
inducing these changes in the oral microbiome, it is conceivable to 
hypothesis that beneficial alterations could cascade through the GI tract, 
promoting a healthier composition of gut microbiome and possibly 
ameliorating gut-related disorders. For instance, an increase in beneficial 
oral bacteria, such as Streptococcus salivarius, which has 

anti-inflammatory properties, could enhance similar bacterial 
populations in the gut, contributing to reduced inflammation and 
improved gut health outcomes (87). Similarly, reducing harmful oral 
pathogens like P. gingivalis, a known contributor to systemic 
inflammation, could indirectly benefit the gut by lowering overall 
inflammatory burden (88). This hypothesis, while promising, warrants 
further research to explore the exact mechanisms and extent of impact 
that oral PBM-induced changes could have on the gut microbiome. 
Investigations should aim to identify specific bacterial species affected 
by PBM in the oral cavity, track their migration, and analyze their 
influence on gut microbial diversity and host health outcomes. 
Furthermore, as there may be  a direct relationship between oral 
microbiome and systemic diseases, such as those involving the oral-brain 
axis, future research may benefit from the application of direct PBM on 
oral microbiome to manage certain systemic diseases (Figure 1).

4 Conclusion and future directions

This article highlights the potential for using PBM to influence 
human microbial reservoirs. The greatest beneficial effects may 
be possible at the largest microbial reservoir—the gut. However, direct 
PBM to the gut has limitations. We introduce an alternative approach: 
modulating the second largest reservoir of microbes at the oral 
microbiome to influence gut health. The proposed hypothesis suggests 
that PBM therapy applied to the oral cavity could result in beneficial 
shifts in gut microbial composition via the oral-gut microbiome axis. 
Future research should investigate specific microbial changes induced 
by oral PBM at both the oral cavity and gut, track microbial migration 

FIGURE 1

A. The pathway through which oral dysbiosis and infection influence the gut microbiome and their associated disorders; B. The oral microbiome and 
its interaction pathways with the brain; C. The gut microbiome and its interaction pathways with the brain; D. Hypothesis: PBM could balance the oral 
microbiome and influence the oral-gut-brain axis.
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to the gut, and analyze subsequent effects on gut health. This approach 
could open new avenues for non-invasive microbiome modulation, 
offering therapeutic benefits for gut-related and systemic diseases.
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