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Abstract: The application of photobiomodulation therapy
(PBMT) for neuronal stimulation is studied in different
animal models and in humans, and has shown to improve
cerebral metabolic activity and blood flow, and provide
neuroprotection via anti-inflammatory and antioxidant
pathways. Recently, intranasal PBMT (i-PBMT) has become
an attractive and potential method for the treatment of
brain conditions. Herein, we provide a summary of differ-
ent intranasal light delivery approaches including a nostril-
based portable method and implanted deep-nasal methods
for the effective systemic or direct irradiation of the brain.
Nostril-based i-PBMT devices are available, using either
lasers or light emitting diodes (LEDs), and can be applied
either alone or in combination to transcranial devices (the
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latter applied directly to the scalp) to treat a wide range
of brain conditions such as mild cognitive impairment,
Alzheimer’s disease, Parkinson’s disease, cerebrovascu-
lar diseases, depression and anxiety as well as insomnia.
Evidence shows that nostril-based i-PBMT improves blood
rheology and cerebral blood flow, so that, without need-
ing to puncture blood vessels, i-PBMT may have equivalent
results to a peripheral intravenous laser irradiation pro-
cedure. Up to now, no studies were conducted to implant
PBMT light sources deep within the nose in a clinical set-
ting, but simulation studies suggest that deep-nasal PBMT
via cribriform plate and sphenoid sinus might be an effec-
tive method to deliver light to the ventromedial part of the
prefrontal and orbitofrontal cortex. Home-based i-PBMT,
using inexpensive LED applicators, has potential as a novel
approach for neurorehabilitation; comparative studies also
testing sham, and transcranial PBMT are warranted.

Keywords: Alzheimer’s disease (AD); blood irradiation;
brain function; cribriform plate; depression; intranasal
photobiomodulation; light emitting diodes (LEDs); nasal
cavity; sphenoid sinus.

Introduction

Photobiomodulation therapy (PBMT), previously known
as low level laser/light therapy, is a promising modality
based on the irradiation of tissue with photons in the red to
near-infrared (NIR) spectrum (600-1100 nm); various light
sources, including lasers and light emitting diodes (LEDs),
can be applied (Zein et al., 2018). PBMT is widely used to
treata variety of medical conditions such as wound healing,
pain and inflammation, diabetic ulcers, blood disorders,
musculoskeletal complications, coronary artery disease as
well as tissue repair and regeneration (Chung et al., 2012;
Arany et al., 2014). Moreover, PBMT has steadily attracted
increasing interest for a wide range of applications to the
brain, ranging from neurotrauma, neurodegeneration,
and neuropsychiatric disorders to enhance brain functions
in healthy individuals (Salehpour et al., 2018b; Caldieraro
and Cassano, 2019; Chan et al., 2019).
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Brain PBMT is emerging as a potentially effective ther-
apeutic technique in the management of central nervous
system (CNS) disorders (Fitzgerald et al., 2013). The applica-
tion of PBMT for various brain conditions was studied in dif-
ferent animal models and in humans, and the overall results
indicate it can improve cerebral metabolic activity and blood
flow, stimulate neurogenesis and synaptogenesis, affect
neurotransmitters, and provide neuroprotection via anti-
inflammatory and antioxidant signaling pathways (Grillo
et al., 2013; Hamblin, 2016; Hennessy and Hamblin, 2016;
Salehpour et al., 2018b). To date, no serious adverse effects
were reported for this modality in literature; however, caution
should be used with laser devices due to the risk for macular
lesions. Transcranial (Michalikova et al., 2008; Naeser
et al., 2014; Thunshelle and Hamblin, 2016; Chang et al.,
2018; Salehpour et al., 2018b), intranasal (Pitzschke et al.,
2015; Saltmarche et al., 2017), intra-aural (Sun et al., 2016),
intraoral (Burchman, 2011; Pitzschke et al., 2015), and intra-
vascular approaches (Maksimovich, 2004) were proposed in
literature as potential noninvasive routes to deliver the light
in brain PBMT. In addition, recently, the feasibility and safety
of more invasive methods for intracranial brain PBMT were
demonstrated in rodent and primate models of Parkinson’s
disease (PD) (El Massri et al., 2017). In the transcranial PBMT
(t-PBMT) method, red/NIR photons must penetrate several
types of head tissue including scalp, skull, periosteal,
meningeal, subdural space, arachnoid mater, subarachnoid
space, and pia mater, respectively, until the light reaches the
cerebral cortex (Netter, 2017). In this approach, owing to poor
transmission of light through the aforementioned layers,
only a small fraction of incident light on the scalp level will
actually reach the cortical surface (Salehpour et al., 2018a). It
is noteworthy that up to now the transcranial approach was
the most commonly studied method for brain PBMT research
(Salehpour et al., 2018b); however, its efficiency for delivery
of biostimulatory/therapeutic light doses to the deeper struc-
tures of the brain (e.g. limbic system and brainstem) remains
a challenge (Hamblin, 2016). It should also be considered
that due to the exponential attenuation of light transmission
through the brain tissues, it is unlikely that biostimulatory
light doses could be delivered into deeper regions, without
overdosing the overlaying superficial tissues (Caldieraro and
Cassano, 2019).

Recently, intranasal PBMT (i-PBMT) was suggested as an
alternative to overcome some of the limitations of the t-PBMT
to provide effective irradiation of the prefrontal areas and
some limbic structures of the brain (Pitzschke et al., 2015;
Cassano et al., 2019). i-PBMT is a nose-mediated therapeutic
approach that is based on the insertion of one or two small
laser/LED equipped portable probes into the nostrils. It is
shown that repeated application of nostril-based i-PBMT
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could potentially improve symptoms associated with neu-
ronal dysfunction caused by cerebral infarction (Xiao et al.,
2005), mild traumatic brain injury (TBI) (Bogdanova et al.,
2017), mild cognitive impairment (MCI) (Salehpour et al.,
2019), Alzheimer’s disease (AD) (Saltmarche et al., 2017;
Chao, 2019), PD (Li et al., 1999b), depression and anxiety
(Caldieraro et al., 2018), schizophrenia (Liao, 2000), and
insomnia (Xu et al., 2001; Saltmarche et al., 2017). Systemic
effects of nostril-based intranasal irradiation via the blood
cells and components could likely contribute to the observed
neurotherapeutic effects (Hennessy and Hamblin, 2016).
The tissue around the nasal cavity has abundant blood cap-
illaries with relatively slow blood flow. i-PBMT was shown
to improve blood rheology (Liu et al., 2012), reduce blood
viscosity (Liu et al., 2012), and improve blood coagulation
status (Gao et al., 2008) in various medical conditions.
Studies have shown associations of hemorheology and
cognitive functions (Elwood et al., 2001) and mood states
(Gao et al., 2004). It was suggested that the systemic effects
of i-PBMT via the blood irradiation mechanisms could also
ultimately produce neuroprotective benefits in the brain
(Xiao et al., 2005; Hennessy and Hamblin, 2016; Caldieraro
et al., 2018). Studies have shown that intranasal blood irra-
diation has similar neurological outcomes to the intrave-
nous or intravascular laser therapy (Jing, 1999; Dou et al.,
2003). Intravascular laser irradiation has shown to improve
regional cerebral blood flow (CBF) and brain function in
patients with cerebral infarction (Song-Lin, 1997; Xiao et al.,
2001). Therefore, these lines of evidence suggest that the
irradiation of blood components and the vascular endothe-
lium could play a role in the systemic effects induced by the
intranasal method (Xiao et al., 2005; Va, 2015).

Besides the portable intranasal applicators, i-PBMT
using light sources implanted in the deep nasal cavity was
recently suggested as a technique to provide sufficient
light energy to deep CNS structures (DiMauro et al., 2014,
2018; Pitzschke et al., 2015; Cassano et al., 2019). There
is an assumption that because the cribriform plate of the
ethmoid bone is substantially permeable to red/NIR light,
a therapeutic photon flux could easily reach the prefron-
tal cortex (PFC) of the brain through this route (Cassano
et al., 2019). Most recently, Monte Carlo simulation mod-
eling has shown that the placing of the LEDs source adja-
cent to the cribriform plate results in the highest fluence
values reaching the ventromedial PFC (vmPFC) and ven-
tromedial orbitofrontal cortex (vmOFC) areas, compared
to the transcranial positioning of the light source on the
head at the Fpl-Fpz-Fp2 points [electroencephalogram
(EEG) system] (Cassano et al., 2019). The intranasal posi-
tioning of the light near the cribriform plate could also
lead to preferential light delivery to the hippocampus and
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amygdala, compared with when the light probe is placed
in the nostril and mid-nose positions (Cassano et al.,
2019). Additionally, it was experimentally proven that
the transsphenoidal illumination of the substantia nigra
pars compacta (SNpc) region is achievable when the light
source is placed in the sphenoidal sinus (Pitzschke et al.,
2015).

Herein we will provide a summary of the applicabil-
ity of different intranasal irradiation approaches includ-
ing the nostril-based portable method and the implanted
deep-nasal methods for effective systemic or direct illumi-
nation of the brain. For the nostril-based i-PBMT method,
the possible proposed mechanisms of action via the blood
cells will be described. Furthermore, the light delivery and
dosimetry concerns will be discussed for both approaches.
We will also summarize the evidence for the effectiveness
of i-PBMT for neurological, neurodegenerative, and neu-
ropsychiatric disorders.

Intranasal photobiomodulation
therapy

Intranasal photobiomodulation therapy from
the nostrils

Nasal delivery is recognized as a promising route for
delivering therapeutic agents for the treatment of nasal

Olfactory
A Criblr:form epithelium
il

Fornix

Limbic system

Subgenual
cingulate gyrus

Hypothalamus
dmOFC

Ant. pituitary
Sphenoid

sinus

Pharyngeal orifice
of auditory tube

Sphenopalatine a.

F. Salehpour et al.: Intranasal photobiomodulation therapy for brain conditions =—— 271

problems (e.g. asthma, colds, coughs, and sinusitis)
(Marianecci et al., 2017). In addition, the nose serves as
a direct path to the brain so that the nasal administra-
tion is an efficient and noninvasive option for delivering
exogenous therapeutic molecules to the CNS (Frey, 1991).
The epithelial tissue within the nasal cavity is relatively
highly vascularized (Figure 1). Recently, the nasal route
has received attention for delivery of systemic therapeu-
tic agents in order to enter the brain via the systemic
circulation (Jiang et al., 2015). i-PBMT using the nostril
approach involves the simple process of clipping a small
laser diode or LED unilaterally/bilaterally to the nose
(Figure 2). Investigations into the applications of i-PBMT
are becoming increasingly common, and several intrana-
sal portable devices for both clinical and home use have
become commercially available. i-PBMT is a low-cost and
essentially painless technology that can easily be applied
by the subject at home without needing any trained
medical personnel, helping to increase patient comfort
and compliance. Moreover, commercially available port-
able i-PBMT devices run on a small size battery and can
be rechargeable, which make this technology suitable as
a self-applied intervention. These devices are accessible
to the public: both with red and NIR diodes, emitting at
the wavelength ranges of 600-680 nm and 800-850 nm,
respectively. These types of applicators are generally
adjustable for the selection of the treatment duration as
well as for the choice of continuous or pulsed irradiation
mode. In i-PBMT, pulsed wave (PW) mode irradiation has
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Figure 1: Schematic representations of the anatomy of the nasal and cerebral structures.

(A) Anatomy of the nasal cavity, lateral nasal blood supply, cribriform plate, frontal and sphenoid sinuses, prefrontal cortex structures, and
subgenual cingulate gyrus. (B) Anatomy of nasal septal blood supply and some limbic system structures. ACC, Anterior cingulate cortex;
ant., anterior; a., artery; dmOFC, dorsomedial orbitofrontal cortex; dmPFC, dorsomedial prefrontal cortex; lat., lateral; post., posterior; sup.,
superior; vmOFC, ventromedial orbitofrontal cortex; vmPFC, ventromedial prefrontal cortex.
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Figure 2: Different approaches for light delivery to achieve intranasal photobiomodulation therapy.
Intranasal photobiomodulation therapy can be applied using: (A) nostril-based portable applicator or via implanted light sources in the (B)
cribriform plate, (C) frontal sinus, and (D) sphenoid sinus. ant., Anterior; OFC, orbitofrontal cortex; PFC, prefrontal cortex.

some advantages. First, as a light source in direct contact
with the nasal cavity and tissues could cause excessive
warming, PW could reduce the heat associated with the
illumination, by pausing and allowing the tissue to cool
down. Second, recent findings have revealed beneficial
neurobiological effects of specific light frequencies such
as 10, 40, and 100 Hz (Salehpour et al., 2018b). PBMT at
10-Hz PW is shown to have neurotherapeutic effects in
patients with cognitive and mood problems (Morries et al.,
2015; Berman et al., 2017; Saltmarche et al., 2017). Third,
40-Hz pulse rate could enhance the brain gamma waves;

similar enhancement with visible spectrum was demon-
strated and shown to decrease amyloid-§ (Af) levels and
tau phosphorylation in an animal model of AD (laccarino
et al., 2016). Portable i-PBMT devices, specifically for the
40-Hz PW mode, were tested to improve concentration
and cognitive functioning in AD patients (Chao, 2019)
and to modulate neural oscillations in healthy individu-
als (Zomorrodi et al., 2019). Fourth, PD patients treated
with 60-Hz frequency deep brain stimulation have shown
significant improvements in swallowing and in motor
symptoms (Xie et al., 2015). i-PBMT at 60-Hz PW should



DE GRUYTER

be further investigated for neurodegenerative diseases in
clinical studies.

The portable devices in the market allow clipping a
light source into the nostril. Because of the location of the
light source at the inside tip of the nose, the light deliv-
ered by this technology is expected to be mostly absorbed
superficially by the nasal mucosa and surrounding tissues
(Figure 2). A simulation study (Cassano et al., 2019) using
810 nm light has shown that among the CNS structures,
the vmPFC and vmOFC receive most light, but still only
a negligible fraction of the primary photons (~0.001%) is
delivered by this method of irradiation. In other words,
in terms of peak light fluence with a commercially avail-
able device, only 0.014 and 0.025 J/cm? reached the vmPFC
and vmOFC. Further simulations revealed that the photon
flux at the amygdala and hippocampus was lower by two
orders of magnitude than that of the vmPFC and vmOFC.
Taken together, these findings show the inadequacy of the
nostril-based i-PBMT for delivery of light to the brain struc-
tures, especially limbic structures (Cassano et al., 2019).

The systemic effects of nostril-based i-PBMT via irra-
diation of blood cells or blood components were suggested
as a possible mechanism of action of this intervention
(Xiao et al., 2005; Hamblin, 2016; Hennessy and Hamblin,
2016; Caldieraro et al., 2018). Considering its noninva-
sive and relatively inexpensive nature, i-PBMT may give
the same therapeutic outcome as the intravenous blood
irradiation approach (Xiao et al., 2005). For instance, it
was demonstrated that intranasal laser irradiation was
equally effective as intravascular blood irradiation in
improving regional CBF and brain function of patients
who had suffered a cerebral infarction (Xiao et al., 2005).
Most recently, it was shown that 10 days of remote pre-
conditioning PBMT (670 nm, 4.5 J/cm?; delivered to the
dorsum and hind limbs) protected against methyl-4-phe-
nyl-, 2, 3, 6-tetrahydropyridine-induced neuropathology
in mice through the modulation of various molecular
pathways within the brain, including upregulation of cell
signaling and migration (including CXCR4 + stem cell and
adipocytokine signaling), oxidative stress response path-
ways, and modulation of the blood-brain barrier (Gane-
shan et al., 2019). This is further evidence that blood could
be the crucial mechanism responsible for the brain protec-
tive effects of nostril-based i-PBMT.

With regard to direct blood irradiation, the nasal
cavity has a rich arterial blood supply provided by both
the internal and external carotid arteries (Figure 1). Ana-
tomically, the internal carotid artery branches include the
anterior and posterior ethmoidal arteries. The ethmoidal
arteries are branches of theophthalmicartery descend-
ing into the nasal cavity through the cribriform plate
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supplying the upper nasal septum and nasal sidewalls.
The external carotid branches consist of the sphenopala-
tine artery, greater palatine artery, superior labial artery,
and lateral nasal arteries. The sphenopalatine artery, the
terminal branch of the maxillary artery, is the main artery
of the posterior nasal cavity entering through the sphe-
nopalatine foramen and supplying a substantial portion
of the septum and the lateral wall. The superior labial
branch of the facial artery supplies the front part of the
nose and the nasal septum. Furthermore, the nasal ves-
tibule obtains blood from the lateral nasal artery (Moore
et al., 1999; MacArthur and McGarry, 2017). In addition,
these arteries make anastomoses with each other, mostly
in the anterior portion of the nose, in the area forming the
Kiesselbach plexus. The Kiesselbach plexus is an anasto-
motic-rich vascular region in the anteroinferior quadrant
of the nasal septum, over the septal cartilage, where all
the above-mentioned arteries anastomose. The veins of
the nose follow the arteries and drain into the pterygoid
plexus, cavernous sinus, and ophthalmic vein (Ritter,
1970; Koh et al., 2000; Rajagopal and Paul, 2005).

It is known that nostril-based blood i-PBMT improves
oxygenation and leads to increased adenosine triphos-
phate (ATP) levels in various tissues, including the brain.
PBMT absorbed by blood using visible as well as NIR light
leads to partial photochemical dissociation of hemoglobin-
ligand complexes [e.g. O,, carbon dioxide, nitric oxide (NO)]
(Komorowska et al., 2002; Vladimirov et al., 2004; Lohr
et al., 2009; Walski et al., 2015). The result of light-induced
photodissociation of oxyhemoglobin is a decrease in arte-
rial oxygen saturation (Sp0,) in blood capillary vessels fol-
lowed by significant enrichment of local tissue oxygenation
(Asimov et al., 2007; Yesman et al., 2016; Gisbrecht et al.,
2017). Evidence also suggests that hemoglobin can absorb
660 nm photons and can amplify the effect of laser irradia-
tion on blood lymphocytes (Stadler et al., 2000). Moreover,
the release of small amounts of the NO (one of the most
important factors affecting microcirculation) increases
vasodilation and consequently improves perfusion, which
contributes to improved oxygen delivery to tissues. This
suggests nostril-based i-PBM could be an attractive and
potentially effective method for treatment of hypoxic-
ischemic brain injury, together with neurodegenerative
and neuropsychiatric diseases. Indeed, the production of
NO from the endothelium is reduced in depressed patients
(Chrapko et al., 2006). Likewise, hypertension induces
oxidative stress in the endothelial cells and decreases the
bioavailability of NO, and subsequently impairs cogni-
tive function (Bomboi et al., 2010). Nostril-based i-PBMT
could modulate NO release from either the endothelium or
from platelets, and in turn could improve cerebrovascular
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circulation in the abovementioned diseases. On the other
hand, the systemic effect of blood PBMT on the circulation
could be a consequence of conformational alterations in
the membrane properties of red blood cells (RBCs). Absorp-
tion of red/NIR light perturbs hydrogen bonds, which in
turn leads to their disruption and increased dissociation of
water molecules at the membrane interfaces (Natzle et al.,
1981; Natzle and Moore, 1985; Szymborska-Malek et al.,
2018) inducing structural changes in RBC membrane pro-
teins and the fluidity of lipid bilayers, thus modulating the
activity of membrane ion pumps in the RBCs (Komorowska
et al., 2002; Kujawa et al., 2004; Chludzifiska et al., 2005;
Walski et al., 2015). This in turn, results in an improvement
of RBC deformability, ATP content, and normalization of
the osmotic properties (Itoh et al., 1996; Walski et al., 2014;
Wang et al., 2016). Additionally, an increase in the elec-
trokinetic potential of the membrane could directly con-
tribute to the improvement in blood rheology by reducing
the aggregates, which improves circulation. Aggregation
causes RBCs to form rouleaux, which resemble stacks of
coins that physically jam the capillary flow (Komorowska
et al., 2001; Mi et al., 2004; Chludzifiska et al., 2005). It was
reported that absorption of 810 nm laser by RBCs lead to an
increase in the ATPase activity and alteration of the erythro-
cyte membrane proteins (Kujawa et al., 2004). Transforma-
tion of RBC membranes is considered to be a mechanism
for the long-term improvement in blood viscosity and circu-
lation after PBMT (Komorowska et al., 2002; Kujawa et al.,
2004; Walski et al., 2015).

It is well known that hemoglobin, like other metal-
loporphyrins, can emit fluorescence when it is excited
by visible femtosecond-pulsed laser light. In a study by
Zheng et al. (2011), light in a wavelength range from 600
to 750 nm was tested, and the highest hemoglobin fluo-
rescence was emitted when the excitation wavelength was
below 700 nm. Blue wavelength biophotons were emitted
as bioluminescence from the erythrocytes. It may be possi-
ble that blood PBMT using red light may also induce biolu-
minescence emission of blue light from hemoglobin, which
in turn, could significantly increase blood flow, improve
flow-mediated dilation, release circulating NO and nitroso
compounds as recently shown by Stern et al. (2018).

In addition to the described changes in tissue oxygen-
ation and modifications of the RBC structure, the systemic
effect of nostril-based i-PBMT via irradiation of blood cells
could be directly related to the mechanism of hemostasis
modulation. On one side, reversible suppression of the
sensitivity of platelets to different agonists, and reduced
activity of enzymes in the arachidonic acid cascade in a
dose-dependent manner of PBMT was reported (Brill et al.,
2000; Rola et al., 2017; Drohomirecka et al., 2018) leading
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to the conclusion that the PBMT could prevent platelets
from undergoing apoptosis and prolong their lifespan
under pathological conditions (Yang et al., 2016; Zhang
et al., 2016, 2018). Evidence has shown that the mito-
chondrial respiratory rate and ATP levels are impaired in
the blood platelets of patients with depression (Hroudova
et al., 2013). Considering the central mechanism of PBMT
via increasing cellular energy metabolism, irradiation of
circulating platelet mitochondria via the intranasal route
could be a possible explanation for the off-target or absco-
pal effects seen in a systemic treatment, possibly specifi-
cally for improving depression (Sommer and Trelles, 2014).

A wide range of studies on immune cells have dem-
onstrated that direct tissue exposure to red/NIR light can
reduce the influx of polymorphonuclear leukocytes into a
targeted site of inflammation, thus decreasing the oxida-
tive burst (de Lima et al., 2011; Oliveira et al., 2014; Walski
et al., 2018). The remote neuroprotective action of blood-
mediated effects of nostril based i-PBMT could be para-
doxically related to modulation of reactive oxygen species
(ROS) formation (Karu et al., 2005). ROS have an impor-
tant role in regulation of signal transduction pathways and
gene expression. The role of ROS is critical for reprogram-
ming of macrophage polarization to M2 phenotype, which
releases anti-inflammatory mediators related to tissue
recovery (Zhang et al., 2013; Cheon et al., 2017). This mech-
anism is in line with previous reports which have shown
that in a spinal cord injury rat model, 810 nm PBMT altered
the macrophage/microglia polarization state to a M2 phe-
notype and elevated expression of anti-inflammatory
cytokines such as interleukin (IL)-4 and IL-13 (Song et al.,
2017), but suppressed pro-inflammatory IL-6 (Byrnes et al.,
2005) resulting in alternative activation of macrophages.

Besides systemic effects on blood components,
several other possible pathways were proposed that could
mediate i-PBMT, including affecting the olfactory nerve
and bulb, the olfactory endothelium, autonomic nervous
system, and the lymphatic system (Liu et al., 2007, 2010).
Systemic activation of mesenchymal stem cells/marrow
stromal cells (MSCs) in the nasal bone marrow (Liu et al.,
2012) and olfactory ensheathing cells (another type of
stem cell) in the nasal mucosa (Hennessy and Hamblin,
2016) were suggested as possible pathways.

Intranasal photobiomodulation therapy
from the nasal cavity and from the nasal
submucosal space

As mentioned above, the use of nostril-based portable
applicators appears to only provide a negligible amount



DE GRUYTER

of light energy into the brain deeper structures (Cassano
et al., 2019). Moreover, with respect to the transcra-
nial method, limited light penetration through the skull
remains a major obstacle to t-PBMT stimulating subcorti-
cal neurons. It was reported that only 2% of 1064 nm laser
light can pass through the human supraorbital frontal
bone (Barrett and Gonzalez-Lima, 2013). Approximately
0.5% of 633 nm and 2.1% of 830 nm LED light were shown
to penetrate through 1 cm of frontal skull and overlying
tissue, in a cadaver model (Jagdeo et al., 2012). Also, 2.9%
of 810 nm light from a high-power laser device was shown
to penetrate through 3 cm of scalp, skull and brain tissue
(Henderson and Morries, 2015). Given these measure-
ments, the significant attenuation of the light flux will
result in an insufficient dose of intracranial light, and
subsequent inadequate photostimulation of the subcorti-
cal gray and white matter.

Recently, implantable i-PBMT devices were suggested
and described to overcome the limitations of portable
devices as well as of the transcranial irradiation method.
With the use of an implantable intranasal light device,
there would be no need for frequent treatment visits in
patients requiring long-term treatment protocols. A simple
procedure was proposed to implant miniaturized LEDs
within submucosal pockets in accessible areas of the nose
(Figure 2), this latter procedure would require only local
anesthesia, only ambulatory surgery and would allow the
placement (as well as removal) of an indwelling submu-
cosal LED (Cassano et al., personal communication). The
submucosal placement of miniaturized LEDs is, however,
potentially limited by its only relative proximity to the cri-
briform plate.

The cribriform plate is part of the ethmoid bone that
separates the brain from the nasal cavity (Figure 1). It is
located between the anterior cranial fossa and the nasal
cavity extending anteroposteriorly from the crista galli to
the planum sphenoidale. With a thickness of about 1 mm,
the cribriform plate sits below the PFC and forms the roof
of the nasal cavity. About one-half of its surface comprises
very small perforations, providing support through which
the fibers of the olfactory nerve enter and exit (Erdem
et al., 2004). The olfactory bulb is the part of the brain
lying above the nasal cavity on the superior surface of the
cribriform plate and inferior to the basal frontal lobe (Mas-
urkar and Chen, 2009). Olfactory dysfunction predicts a
risk of occurrence of some neurodegenerative diseases
such as MCI, dementia, PD, and the neuropsychiatric com-
plications of PD (Wilson et al., 2010). It is believed that in
adult mammals, neurogenesis occurs only in the olfactory
bulb and in the dentate gyrus of the hippocampus; and in
humans, only in the hippocampus (Bergmann et al., 2015).
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It was shown that 810 nm t-PBMT remarkably stimulates
neurogenesis and upregulates migrating neuroprogeni-
tor cells in the dentate gyrus and subventricular zone in a
mouse TBI model (Xuan et al., 2014). Although to date, no
study has yet demonstrated induction of neurogenesis in
the olfactory bulb after PBMT, the direct irradiation of this
area could have the potential to activate neural stem cells.

Mitochondrial complex IV [Cytochrome c oxidase
(CCO)] is a primary site for the initial absorption of red/
NIR photons (Karu, 2010). It is believed that light absorp-
tion by CCO leads to increased ATP production, modula-
tion of NO, and increased tissue oxygenation and blood
flow (de Freitas and Hamblin, 2016). The 650 and 850 nm
wavelengths delivered by a fiber optic technology, might
potentially penetrate deeply through the nasal cavity
(Zubia and Arrue, 2001). Visible light in the blue and green
spectrum (400-540 nm) has penetration values of <0.1%
through the human skull bone, much lower penetration
to the brain would be expected if all intervening tissues
were considered (Litscher and Litscher, 2013). Therefore,
these wavelengths are generally considered not appropri-
ate for t-PBMT in humans; however, the application of
blue or green diodes for i-PBMT could be an alternative
option due to their beneficial biological effects. A 532 nm
laser has a penetration depth of only 0.8 mm in the soft
tissue (Te Alexis, 2006). It could be imagined that if the
532 nm laser source is implanted in close proximity of
the cribriform plate, green light could adequately irradi-
ate nerve fiber tissue within the cribriform plate (with a
thickness of 1 mm). However, it is doubtful that the entire
olfactory bulb (with a thickness of 3 mm) could be suffi-
ciently irradiated by this wavelength. Studies have shown
that 532 nm green laser can increase ATP levels and cell
proliferation in vitro, likely through the modulation of the
activity of the mitochondrial complex III (cytochromes b,
c1, and c) (Fukuzaki et al., 2013). Irradiation with a 532 nm
laser has also been shown to promote the migration of
GABAergic neural stem/progenitor cells into deeper layers
of the mouse neocortex (Fukuzaki et al., 2015). Moreover,
it was suggested that 420 nm blue light could effectively
increase ATP synthesis, likely through the regulation
of the mitochondria complex I (NADH-dehydrogenase)
(Karu, 1988).

As mentioned above, because of the existence of very
small perforations in the cribriform plate, it is possible that
an unusually large portion of the photons, emitted from a
light source positioned in proximity of the cribriform plate,
could directly reach olfactory nerve fibers and the olfactory
bulb as well as the PFC (Figure 2). The PFC is well connected
to cerebral structures involved in memory, sensory percep-
tion, and emotion, such as the thalamus, basal ganglia,
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hypothalamus, amygdala, and hippocampus. The vmPFC
is located at the bottom of the cerebral hemispheres infe-
rior to the dorsomedial PFC, and refers to the entire area
of PFC both in the ventral and medial position, approxi-
mately below the genu of the corpus callosum (Netter,
2017) (Figure 1). There are anatomically and/or functionally
specialized subregions within the vimPFC, that are associ-
ated with its functional domains. The anterior/pregenual
vmPFC and the ventral striatum are involved in decision-
making, the posterior/subgenual vmPFC and the amygdala
are involved in emotion, and the anterior/pregenual vmPFC
and the dorsomedial PFC, precuneus, and temporopari-
etal cortex are involved in social cognition (Myers-Schulz
and Koenigs, 2012; Roy et al., 2012). In fact, the anterior/
perigenual subregion of the vmPFC is associated with
positive valence such as the value of rewards, and the
posterior/subgenual subregion is associated with negative
valence such as threat and fear (Hiser and Koenigs, 2018).
The OFC is located in the ventral surface of the frontal lobe
directly above the orbits, in which the eyes are positioned,
and extends posteriorly from the frontal pole to the insula,
and ventrally, from the rostral sulcus on the medial wall to
the ventrolateral convexity to form the frontal base of the
brain. The OFC receives projections from the amygdala, the
temporal association cortex, the visual system, taste, olfac-
tion, somatosensory cortex, medial dorsal nucleus of the
thalamus, and the hypothalamus (Rudebeck et al., 2013).
The OFC is involved in learning (rewards and punishment),
emotional control, and emotion-guided behaviors, deci-
sion-making, and social and emotional processing (Rolls
and Grabenhorst, 2008; Clark et al., 2018).

The olfactory epithelium is a specialized epithe-
lial tissue lining the nasal cavity, about 7 cm above and
behind the nostrils. The epithelial layer is about 60 um
thick and is defined by the cribriform plate that separates
the nasal cavities from the brain. Given its position inside
the nose in close contact with the cribriform plate, it might
be proposed as a possible location for implantation of an
i-PBMT probe. It is of great importance to note that as this
epithelium has sensitive cells involved in olfaction (Choi
and Goldstein, 2018), caution should be taken to use
this tissue as a location for light probe implantation. If
the implantable light device is located at the level of the
cribriform plate, the olfactory bulb and vmPFC could be
effectively irradiated (Figure 2). Studies on a cadaver-head
have shown that intranasal delivery of red/NIR light can
potentially illuminate anteromedial and posteromedial
portions of the OFC (DiMauro et al., 2018). Monte Carlo
simulation has also shown that when the light source is
positioned in close proximity to the cribriform plate, the
energy deposition on the vmPFC is 46-fold and 658-fold
greater than when the light source is implanted in the
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mid-nose or nostril, respectively (Cassano et al., 2019).
Moreover, positioning the light source in the cribriform
plate led to a higher delivered light fluence (by at least
two orders of magnitude) on the vmPFC and vmOFC,
compared to the dorsolateral PFC. The study also sug-
gested that although limbic system structures such as the
amygdala and hippocampus receive only negligible light
energy from a source positioned in the nostril, both the
mid-nose and the cribriform plate locations could allow a
slightly higher deposition of light, but still totally insuffi-
cient (~0.01% of primary photons), to the aforementioned
regions (Cassano et al., 2019).

Intranasal photobiomodulation therapy from
the sphenoid sinus

An implantable optical fiber could be advanced through
the nasal cavity and positioned in the sphenoidal sinus
(DiMauro et al., 2008, 2014, 2018; Pfleiderer et al., 2017)
(Figure 2). For instance, the tip of the optical fiber con-
nected to a handheld laser/LED source could be inserted
and placed, as an indwelling device, in the sphenoid bone
under direct endoscopic visualization (DiMauro et al.,
2008). However, this procedure would require a complex
surgical nose [ear, nose and throat (ENT)] operation
under general anesthesia to place the device in a poorly
accessible and very fragile bone structure. The sphenoid
sinuses are paired spaces within the body of the sphe-
noid bone, open into the roof of the nasal cavity via the
sphenoethmoidal recessing its anterior wall (Wiebracht
and Zimmer, 2014) (Figure 1). It is located superiorly to
the ethmoidal sinus roof, cavernous sinus, optic nerve,
the olfactory nerve, and sella turcica, and inferiorly to
the nasal cavities, anteriorly to the nasal cavities and pos-
teriorethmoid air cells, posteriorly to the contents of the
middle cranial fossa, and laterally to the cavernous sinus
and cranial cavity (Budu et al., 2013).

The sphenoidal sinus also lies adjacent to important
limbic system structures (e.g. pituitary gland, amygdala,
hypothalamus, and hippocampus) (Figure 1). The pituitary
gland is suspended from the lowermost part of the hypo-
thalamus (underneath the brain) by the pituitary stalk or
infundibulum. The pituitary gland sits in the hypophy-
sial fossa of the sphenoid bone and is surrounded by the
sella turcica (Amar and Weiss, 2003). The pituitary gland
is considered to be the master gland of the body because
it regulates the activity of most of the other hormone-
secreting glands. The amygdala is located deep and medi-
ally within the temporal lobes of the brain and anterior
to the hippocampus. The amygdala resides lateral to and
somewhat posterior to the sphenoid sinus. The amygdala
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has projections to several structures including the dor-
somedial thalamus, the thalamic reticular nucleus, the
hypothalamus, the nuclei of thetrigeminal nerve, and the
facial nerve, the locus coeruleus, and the ventral tegmen-
tal area, and the laterodorsal tegmental nucleus, allowing
it to affect a variety of behavioral functions (Gloor, 1978).
The amygdala is involved in the processing of emotional
responses such as fear, anxiety, and aggression, memory,
perception of facial expressions, and decision-making
(Sah et al., 2003; LeDoux, 2007; Ehrlich et al., 2009). The
hypothalamus is located adjacent to the pituitary gland
on either side of the third ventricle and just above and
slightly posterior to the sphenoidal sinus. The hypothal-
amus is interconnected with the brainstem and reticu-
lar formation, limbic structures including the amygdala
and septum, and areas of the autonomic nervous system
(Freeman, 2003; Parent and Perkins, 2018). The hypothal-
amus is involved in the regulation of endocrine, body tem-
perature, food and water intake, reproduction and sexual
behavior, circadian rhythms, fatigue, sleep, emotional
responses, and memory function (Parent and Perkins,
2018). The hippocampus is a convex structure composed
of gray matter tissue inside the para-hippocampal gyrus,
which is located in the temporal lobe below thecerebral
cortex, and forms the medial walls of the inferior horns
of the lateral ventricles. The most anterior portion of the
hippocampus also extends above and posterior to the
sphenoid sinus (Netter, 2017). The hippocampus medi-
ates several higher cognitive functions, such as learning,
memory (in particular long-term memory) spatial naviga-
tion, regulation of hypothalamic functions, and emotions
(Anand and Dhikav, 2012; Insausti and Amaral, 2012).

It is conceivable that the sphenoidal sinus could
potentially be used as a location of an implanted light
source that could provide therapeutic amounts of light
to the limbic structures (DiMauro et al., 2014) (Figure 2).
Pitzschke et al. (2015) made an effort to experimentally
examine the possibility of light delivery and photon dis-
tribution from a transsphenoidal approach, in order to
achieve sufficient irradiation of the SNpc in a human
cadaver. They coupled an optical fiber-based light diffuser
to a laser diode emitting different wavelengths of 671 or
808 nm, and then the probe was introduced into the nasal
cavity and placed in the sphenoidal sinus towards the SNpc
under endoscopic guidance. Their measurements showed
that 0.03% of 671 nm and 0.36% of 808 nm light emitted
by the optical fiber could reach the SNpc (Pitzschke et al.,
2015). With the use of light sources with sufficient power,
these percentages of delivered light could likely provide a
sufficient photostimulatory fluence to the target tissue of
the SNpc. The SNpc is the main output to the basal ganglia
circuit. Dopaminergic neurons of the SNpc project to the
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dorsal striatum through the nigrostriatal pathway, as well
as to the lateral and medial pallidum of the basal ganglia
system, the SNpr, and the subthalamic nucleus (Lavoie
etal., 1989; Hajos and Greenfield, 1994; Cragg et al., 2004).
The SN plays an important role in reward-seeking, motor
planning, and movement (Delong et al., 1983; Ilango et al.,
2014). It is likely that using transsphenoidal illumination,
a reasonable fraction of the primary light energy could be
deposited in the pituitary gland, and possibly even to the
amygdala, hypothalamus, and anterior portion of the hip-
pocampus, before reaching the SNpc.

Intranasal photobiomodulation
therapy for brain conditions

i-PBMT was introduced in 1998 by Chinese researchers
who reported the first evidence regarding the therapeutic
effects of intranasal red laser irradiation in patients suffer-
ing from headache (Li et al., 1998a,b). Most of the clinical
studies on i-PBMT for the brain were conducted in China
and Russia (Liu et al., 2007). Traditionally, i-PBMT was
applied to treat a wide range of brain conditions such as
MCI (Jin et al., 2000), AD (Xu et al., 2002b), PD (Li et al.,
1999a-c; Xu et al., 2003; Zhao et al., 2003), cerebral throm-
bosis (Li et al., 1999a), cerebrovascular diseases (Jianbo
et al., 1999), and post-stroke depression (Xu et al., 2002a),
as well as insomnia (Xu et al., 2001, 2002c), and the overall
clinical outcomes appear to be promising. It is worth men-
tioning that because most of the studies were published in
the Chinese language (until the last couple of years). i-PBMT
has remained generally unknown in North America and
European countries (Jiao et al., 2006). Recently, intrana-
sal delivery of light for PBMT has gained attention among
Western researchers as a potential alternative/complemen-
tary approach, which is commonly applied either alone
or simultaneously with a transcranial approach (using a
headpiece probe or a light-helmet). Here, we will review
and summarize the most recent available evidence for the
clinical application of i-PBMT in brain-related conditions.

Neurodegenerative diseases
Mild cognitive impairment

Recently, Salehpour et al. (2019) reported the rapid rever-
sal of cognitive decline and olfactory dysfunction in a MCI
patient following 1 month of transcranial plus intranasal
PBMT. MCI is defined as a slight (but noticeable and meas-
urable decline) in cognitive abilities including memory and
executive skills (Ritchie and Touchon, 2000). In their study
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(Salehpour et al., 2019), along with a light helmet, an intra-
nasal device was placed in the left nostril and 10.65 J/cm?
fluence of 810 nm LED light in 10-Hz PW mode was deliv-
ered twice daily via the nasal cavity. Cognitive enhance-
ment was observed by improvements in executive function/
visuospatial ability, mathematical ability, and orientation
as measured by the Montreal Cognitive Assessment. The
patient also showed a significant improvement in working
memory, attention, and executive domains as assessed by
the Working Memory Questionnaire. In addition, data from
the Alberta Smell Test and peanut butter odor detection test
showed the complete reversal of olfactory impairment.

Alzheimer’s disease

Xu et al. (2002b) demonstrated that i-PBMT using a
633 nm red laser improved cognitive functions as meas-
ured by the Mini-Mental State Examination (MMSE) and
Wechsler Memory Scale (WMS) in AD patients. Moreover,
recently, Lew Lim’s research group from Canada has made
strides in treating AD using transcranial and/or intranasal
PBMT. In the first report (Lim, 2014), Lim reported that sin-
gle-modality i-PBMT (810 nm LED, 10-Hz PW) once a day
for 1 year, significantly improved cognitive and memory
functions of two AD patients as measured by the MMSE.
In a recent case series (Saltmarche et al., 2017), they have
shown that 3-months of transcranial plus intranasal PBMT
significantly enhanced cognitive performance in five mild
to moderately severe dementia patients. Along with a
wearable transcranial device, they applied an intranasal
LED applicator (810 nm, 10-Hz PW) to the left nostril once
daily providing a 13.8 J/cm? fluence into the nasal cavity.
Besides the improvement in cognitive abilities as assessed
by the MMSE and Alzheimer’s Disease Assessment Scale
(ADAS-cog), increased sleep quality and decreased levels
of anxiety, of anger outbursts, and of wandering were also
observed. In another study (Zomorrodi et al., 2017), they
reported that simultaneous application of transcranial
and intranasal PBMT (810 nm, 40-Hz PW) for 6 days/week
for 2 weeks resulted in a notable improvement of cognitive
function in an AD patient as assessed with the MMSE and
ADAS-cog scales as well as AD Cooperative Study-Activi-
ties of Daily Living Scale. These rapid cognitive enhance-
ments were also accompanied by an overall increase in
the absolute power of the EEG signal across all brain oscil-
lations. Likewise, in a most recent study, Chao (2019) also
applied the Vielight Neuro Gamma device in four patients
diagnosed with dementia or AD. Along with a transcranial
headset, the intranasal LED applicator (810 nm, 40-Hz
PW, 15 J/cm?) was administered into the left nostril for
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3 days/week for 12 weeks at home. According to the ADAS-
cog and neuropsychiatric inventory scores, cognitive and
behavioral functions were improved. In addition, based
on their imaging data, multimodality PBMT increased
cerebral perfusion and connectivity between the poste-
rior cingulate cortex and lateral parietal nodes within
the default-mode network (DMN) (Chao, 2019). Neuroim-
aging studies with AD patientshave consistently shown
decreased functional connectivity in the DMN, on resting-
state functional-connectivity MRI (Greicius et al., 2004).
Hence, using t-PBMT to improve functional connectivity
in the DMN in AD would be very important. It should be
stated that in the studies conducted by Saltmarche et al.
(2017), Chao (2019), and Salehpour et al. (2019), one side
of the nasal cavity, olfactory system, and possibly of CNS
structures was preferentially irradiated by the intranasal
device, as the treatment was unilateral (a single nostril).
Bilateral application of i-PBMT devices is recommended
for uniformity of the treatment in this type of studies.

Parkinson’s disease

Some Chinese researchers have tested the potential
neurotherapeutic role of i-PBMT for PD patients. In
the first report, Li et al. (1999b) showed that i-PBMT
(633 nm laser, 3.5-5.5 mW for 30 min) once daily for
10 days, resulted in a significant decrease of serum
cholecystokinin-octapeptide levels accompanied by
improvements in PD symptoms for 60% of patients (26 out
of 43), as measured by the Webster Scale scores. Likewise,
using the same treatment parameters described above (Li
et al., 1999b; Zhao et al., 2003) reported reduction in PD
symptoms in 89% of the patients (31 out of 36). In these
patients, 28% of them showed significant improvements
and 58% had gradual improvements. Xu et al. (2003) also
showed that i-PBMT (633 nm laser, 3.5-4.5 mW for 30 min)
once daily for 20 days, resulted in a decrease in malondi-
aldehyde and an increase of superoxidase dismutase and
melatonin levels accompanied by improvements in PD
symptoms for 66% of patients (31 out of 47).

Traumatic brain insults
Traumatic brain injury
Dou et al. (2003) administrated an intranasal probe

(650 nm laser, 2.4 mW, 30 min) over 10 days in 50 patients
with cerebral infarction and TBI and found a significant
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decrease in the scores of Fugl Meyer Movement Scale and
Barthel Index (activities of daily living). Also, along with
reduced brain lesion and edema, measurements of cho-
lesterol, triglycerides, lowdensity lipoprotein, erythrocyte
sedimentation rate, and hematocrit were significantly
decreased. It should be noted that the PFC and the ante-
rior cingulate gyrus are two regions within the frontal
lobes that are mainly susceptible to damage during TBI.
Damage to the olfactory bulb and tract can also co-occur
along with ventral frontal damage in TBI (Levin et al.,
1985; Cicerone and Tanenbaum, 1997). Furthermore, in
a randomized, double-blind, sham-controlled pilot trial
study in eight veterans with mild-TBI. Bogdanova et al.
(2017) reported that combined application of the transcra-
nial LED helmet and intranasal LED applicator for 2 days/
week for 8 weeks, resulted in significant improvements in
attention and executive function as well as sleep quality at
1-week post-treatment.

Ischemic brain injury

Xiao et al. (2005) reported the immediate beneficial effect
of i-PBMT on the cerebral function and blood flow using
the single photon emission computed tomography cer-
ebral perfusion imaging method in 21 patients with cere-
bral infarction. They found that a single session of i-PBMT
using a 650 nm laser (3.5-4 mW, for 15 min/nostril) sig-
nificantly improved regional and global CBF. According
to the data from one of the patients who had a cerebral
infarction accompanied by PD, a 30-min application of
i-PBMT increased the blood supply and function of the
left temporal lobe and basal ganglia area (Xiao et al.,
2005). Intranasal laser irradiation (650 nm, 8.38 mW/cm?2,
30 min) for 10 days has also been shown to improve blood
and plasma viscosity, RBCs aggregation as well as blood
lipid in patients with cerebral infarction (Liu et al., 2012).

Neuropsychiatric disorders and insomnia
Depression and anxiety

More recently, Caldieraro et al. (2018) reported the overall
therapeutic effect of long-term PBMT in a patient with
major depression and anxiety. During the first 22 months,
single-modality i-PBM (810 nm LED, 10-Hz PW) was
applied to both nostrils providing a 10.65 J/cm? fluence
per nostril. With the progressive increase of the fre-
quency of i-PBMT sessions, from twice a week sessions
to daily and then to twice daily, the anxiety symptoms
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steadily regressed with approximately a three-fold reduc-
tion in Anxiety Symptoms Questionnaire scores. However,
i-PBMT alone did not alleviate the depressive symptoms
until an additional 830 nm transcranial laser system was
applied to the forehead for the next 9 months. According
to their speculation, the systemic effects of i-PBMT via the
blood cells possibly contributed to the observed anxiolytic
effect (Caldieraro et al., 2018).

Insomnia

There is emerging evidence for the therapeutic applica-
tion of PBMT in sleep disorders. A 2-week program of
red-light irradiation (658 nm, 30 J/cm?) using a whole-
body treatment machine has shown to improve sleep
quality and serum melatonin levels in healthy adults
(Zhao et al., 2012). Sleep disruption is the most common
side-effect observed in TBI patients. In studies of the
application of t-PBMT in TBI patients, improvement
in sleep was reported by many of the patients (Naeser
etal., 2011, 2014; Morries et al., 2015). A combined PBMT
approach using a transcranial device and an intrana-
sal portable applicator also resulted in better sleep in
patients diagnosed with AD (Saltmarche et al., 2017)
and TBI (Bogdanova et al., 2017). According to individu-
als’ report, sleepiness is a common side-effect following
the use of 10-Hz intranasal portable devices, possibly
due to the pulse rate of the light inducing brain alpha
wave (8-12 Hz), while also producing neuronal stimula-
tion (Salehpour et al., 2019). Moreover, in a few studies
from China, the therapeutic effects of single-modality
i-PBMT (632.8 nm) on the sleep quality of patients with
insomnia were demonstrated (Xu et al., 2001, 2002c;
Chen and Cheng, 2004). Although mechanisms of action
involved in PBMT for sleep improvement still remain
largely unknown, modulation of circadian rhythms via
an increase in serum melatonin levels (Xu et al., 2001;
Liu et al., 2010; Zhao et al., 2012) and stimulation of
systemic homeostatic response via the blood circulatory
system (Moshkovska and Mayberry, 2005) were postu-
lated as possible mechanistic pathways.

Conclusions and future directions

It should come as no surprise, after our comprehensive
review of the literature on i-PBMT, that given the limited
scientific evidence for the use of i-PBM, there is not
yet any approved indication for the clinical use of this
modality.
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However, i-PBMT devices to be placed in the nostril are
currently in the market for wellness (without disease-spe-
cific indication). These devices are extremely convenient;
they can be easily clipped onto the nostril and are portable,
easy-to-use, home-based devices for self-administration
of red and NIR light. They are also relatively inexpensive
when compared to other devices in the market for t-PBMT
use. They represent an ideal first-step for the users of red
and NIR light; especially, when users who are interested
in leveraging the systemic effects of photobiomodulation
for wellness. The actions involved in the neurotherapeu-
tic benefit of nostril-based i-PBMT are only beginning to
be understood. A systemic effect via blood cells and com-
ponents is the most likely mechanism. The release of NO
induced in the nasal arteries by intranasal red/NIR light
irradiation could increase microvascular circulation by
inhibition of platelet aggregation and leukocyte adhesion.
Nostril-based i-PBMT also improves hemorheology and
local blood O, saturation, which may ultimately lead to
enhanced cerebral circulation and brain function. We have
discussed several possible additional pathways including
effects on the olfactory nerves and bulb, endothelium,
autonomic nervous system, and the lymphatic system.
Moreover, systemic activation of the MSCs residing in the
nasal bone marrow and olfactory ensheathing cells in the
nasal mucosa was speculated. Because of the increasing
societal awareness for the need to enhance and main-
tain brain health — to counteract the threat of neurode-
generative diseases and to offset the disability burden of
neuropsychiatric disorders — intranostrili-PBMT for well-
ness should be appealing to many. Of note, while several
systemic effects were postulated there is no yet proof that
they would translate in greater mind-body wellbeing or in
prevention of brain disorders. Because the nostril-based
i-PBMT is so convenient and intuitive to use, it also rep-
resents an ideal first intervention when using PBMT for
brain disorders. This clinical use is off-label, and should
be considered only when patients do not respond or toler-
ate available approved interventions or decline approved
interventions or when no evidence-based interventions
exist. The drawback and limitation of intra-nostril i-PBMT
is that no direct neuromodulation of the brain is expected,
based on dosimetry studies which showed negligible light
deposition to the brain.

As concerns indwelling devices for i-PBMT, a primary
distinction should be made based on current technologi-
cal advancements. The most futuristic i-PBMT interven-
tions, such as indwelling devices in the sphenoid sinus
or in the submucosal space adjacent to the cribriform
plate, are impractical. In fact, both are currently unattain-
able. The surgical interventions that would be required
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to insert an LED device to the back of the nose or to the
ceiling of the nose are limited by the millimeter-thin,
curvy and rigid intranasal cavities which are prohibitive
with current surgical tools, unless surgical demolition of
bone structures is performed. The nasal bone structures
are extremely thin — also millimeter-thin — the space is
highly vascularized, which leads to risk of profuse bleed-
ings, of olfactory nerve damage, of leak of cerebrospinal
fluids and potentially also of brain structures’ damage
(e.g. hypophysis). It is therefore understandable that
these futuristic applications of deep i-PBMT are currently
prohibitive. It follows that the claims of deep-nose i-PBMT
providing superior light fluence to the vmPFC and vmOFC
regions, and theoretically even to the limbic system, are
still highly speculative.

On the contrary, indwelling mid-nose submucosal
i-PBMT devices as well as frontal sinus (Figure 2) i-PBMT
devices are realistic and offer several advantages when
compared to intra-nostril and t-PBM. Most importantly,
these indwelling devices would require minimally inva-
sive ENT surgeries equivalent to septoplasty, therefore
they could be placed during an outpatient day-surgery.
While the NIR light shedding to vmPFC and vmOFC would
be equivalent to depositions achieved by t-PBMT - equiva-
lent to external light sources placed on the skin in proxim-
ity of the frontal poles, — i-PBMT indwelling devices have
potential advantages when compared to t-PBMT. In fact,
some limitations of t-PBMT were already identified thanks
to its off-label use in neuropsychiatric and neurorehab
PBMT clinics. First, t-PBMT either requires in-office visits
for laser light delivery or self-administration with LED
devices; both scenarios are time-consuming, as even at
home self-administration with LED devices might require
up to 60 min of daily sessions to achieve neurotherapeu-
tic effects (as many of the at-home t-PBMT LED devices
have low irradiance). This time commitment, required
by t-PBMT, is prohibitive to patients who are still highly
functioning. Mid-nose or frontal sinus, indwelling i-PBMT
would circumvent this limitation as treatments could be
programmed and delivered automatically without any
interference with user’s routine. Second, in the case of
the cognitively or physically impaired patients, t-PBMT —
even at home - requires the assistance for placement and
monitoring of light delivery by family members or other
caregivers. This additional burden on caregivers, typically
overwhelmed by the care of developmentally delayed
or demented patients, would also be off-set by indwell-
ing i-PBMT devices. Third, a new-generation of smart-
neuromodulator devices that can both ‘read’ the state of
the brain and ‘write’ into the brain — otherwise respond
with adequate stimuli to support brain function — are
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being developed. t-PBMT is the immediate and most
logical modality for this new generation of closed-loop
devices integrating both brain activity sensors and red/
NIR stimulations to the brain. Nonetheless, i-PBMT
indwelling devices offer an additional opportunity as
they could allow real-time, automated interventions such
as delivery of light when t-PBMT might be impractical or
when it requires a conscious effort from the patient. This
could include critical scenarios such as the occurrence of
sudden cravings for addictive substances or of impulses
to commit self-harm or suicide. Of note, despite the afore-
mentioned advantages of i-PBMT over t-PBMT, it is yet to
be demonstrated whether the two modalities have equiva-
lent therapeutic effects for brain disorders; some putative
mechanisms of action of NIR might exclusively apply to
t-PBMT (Herisson et al., 2018).

Overall, while intra-nostril PBMT for wellness is avail-
able, its efficacy in achieving or maintaining brain health
is still unproven. Submucosal and frontal indwelling
i-PBMT has potential as a novel neurotherapeutic modal-
ity, however, neither devices are available in the market
nor is the scientific evidence to support its use. Deep-nose
(cribriform plate or sphenoid sinus), indwelling i-PBMT
is still speculative and not yet attainable with current
technology and surgical procedures.
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