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Abstract 

A systematic review was conducted to determine the trends in devices and parameters used for brain photobio-
modulation (PBM). The revised studies included clinical and cadaveric approaches, in which light stimuli were applied 
to the head and/or neck. PubMed, Scopus, Web of Science and Google Scholar databases were used for the sys-
tematic search. A total of 2133 records were screened, from which 97 were included in this review. The parameters 
that were extracted and analysed in each article were the device design, actuation area, actuation site, wavelength, 
mode of operation, power density, energy density, power output, energy per session and treatment time. To organize 
device information, 11 categories of devices were defined, according to their characteristics. The most used category 
of devices was laser handpieces, which relate to 21% of all devices, while 28% of the devices were not described. 
Studies for cognitive function and physiological characterisation are the most well defined ones and with more tangi-
ble results. There is a lack of consistency when reporting PBM studies, with several articles under defining the stimula-
tion protocol, and a wide variety of parameters used for the same health conditions (e.g., Alzheimer’s or Parkinson’s 
disease) resulting in positive outcomes. Standardization for the report of these studies is warranted, as well as sham-
controlled comparative studies to determine which parameters have the greatest effect on PBM treatments for differ-
ent neurological conditions.

Keywords Brain stimulation, Light therapy, Optical device, Photobiomodulation, Neurological pathologies

Background
Photobiomodulation (PBM) is a non-invasive therapy 
that entails the use of red to infrared (IR) light (wave-
lengths of 600 to 1100 nm) to stimulate cellular processes 
that promote tissue healing and regeneration [1–3]. 
Additionally to being studied and used as a therapy for 
pain relief [4, 5], wound healing and skin rejuvenation [6, 
7], the neuromodulation effects of PBM, when applied to 
the scalp, have been increasingly more studied, with sev-
eral clinical studies showing that it could be a safe, non-
invasive, and non-destructive alternative to conventional 
treatments for various neurological disorders.

Functional near-infrared spectroscopy (NIRS) studies 
have shown that PBM can effectively increase cerebral 

*Correspondence:
Filipa Fernandes
id10486@alunos.uminho.pt
Susana O. Catarino
scatarino@dei.uminho.pt
1 Center for Micro-ElectroMechanical Systems (CMEMS-UMINHO), 
University of Minho, Guimarães, Portugal
2 Department of Chemical and Metallurgical Engineering, School 
of Chemical Engineering, Aalto University Foundation, Espoo, Finland
3 LABBELS—Associate Laboratory, Braga, Guimarães, Portugal
4 Life and Health Sciences Research Institute (ICVS), University of Minho, 
4710-057 Braga, Portugal
5 ICVS/3BS, PT Government Associate Laboratory, 4710-057 Braga, 
Portugal
6 2CA-Braga, CVS/3BS, PT Government Associate Laboratory, 
4710-057 Braga, Portugal

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12984-024-01351-8&domain=pdf


Page 2 of 29Fernandes et al. Journal of NeuroEngineering and Rehabilitation           (2024) 21:53 

oxygenation, which has a great impact on cognitive tasks, 
such as memory and attention, among others [8–13]. For 
traumatic brain injury (TBI), there are several case stud-
ies in which patients exhibited improvement in symp-
toms, measured through standard neurological tests and 
self-assessments [14–18]. PBM has also reduced depres-
sion symptoms in patients diagnosed with depression 
disorder [19–22]. For neurodegenerative conditions, such 
as dementia, Alzheimer’s disease (AD), and Parkinson’s 
disease (PD), several studies showed improvements in 
cognition, quality of life, and clinical signs of these condi-
tions [23–26]. Specifically, a randomized controlled trial 
on the effects of transcranial PBM in patients diagnosed 
with PD showed improvements in gait, further establish-
ing the relevance of this therapy for neurodegenerative 
conditions [27].

The effect of PBM on the brain has been studied to 
understand the mechanisms behind these positive results 
and to determine which parameters are more beneficial 
in these treatments. Although brain PBM has been stud-
ied for more than two decades, there is great variability 
in studies using distinct PBM parameters for the same 
neurological pathologies, such as wavelength, mode of 
operation (i.e., continuous or pulsed), area of actuation 
and energy delivered to the head. Often, authors point 
out the need for further research to confirm methods to 
establish PBM as an effective treatment for neurological 
conditions [17, 22, 28–30].

This review aims to draw conclusions from the devices 
and parameters used for PBM, to determine, if possible, 
optimal procedures for different pathologies, to promote 
and accelerate scientific research in this area. Further-
more, since there is some inconsistency in the report-
ing of these studies, it is also intended to provide further 
insights into which parameters are more relevant for a 
full characterisation of the brain PBM.

Methods
The search of the present literature review followed the 
guidelines of the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) method [31].

Data sources, search strategy, and eligibility criteria
The PubMed, Scopus and Web of Science databases 
were used to perform a comprehensive electronic search 
for articles in which a device was used to stimulate the 
human brain by means of light in the red to IR wave-
lengths. The search strategy was conducted in each 
database up to May 23rd 2022, and it is described in 
Additional file  1: Table  S1. The records yielded by the 
search were exported to the Microsoft® Excel software. 
Duplicate results were identified with a software feature 
and, after a manual verification, these were removed. 

The title, abstract and keywords of the remaining records 
were independently reviewed by author FF, and studies 
that did not relate to the brain, did not include light stim-
ulation, and concerned surgical procedures (e.g., thermal 
laser ablation) were excluded.

On September 23rd 2022, the Google Scholar database 
was used to scan for records that may have been left out 
of the previous search. The first combination of keywords 
used was “transcranial + PBM”, and the second combina-
tion was “LLLT + brain”. Lastly, the citations of relevant 
reviews were scanned for further analysis.

The remaining records were identified according to the 
following inclusion and exclusion criteria. The process 
was carried out by the author FF and later corroborated 
by the authors SO, FM, OC, SC.

• Inclusion criteria: using a light device in the red to 
IR wavelengths; the device should be applied in the 
head or neck area; the purpose of the stimulus should 
be the stimulation of the brain; wavelength should be 
reported.

• Exclusion criteria: reviews, meta-analysis, conference 
papers, books, studies concerning statistical analysis 
of previous clinical trials, letters to editors, study pro-
tocols; studies not available in English; near-infrared 
spectroscopy for cerebral oxygenation or monitor-
ing; in vitro and animal studies; studies that did not 
include a device which could be used for brain stimu-
lation; simulations.

Data collection
From the included articles, relevant data was retrieved, 
namely the device name/company, device composition/
type of light source, pathology/condition studied, sub-
jects, area of actuation, location of the stimulus, wave-
length, mode of operation, power density or irradiance, 
energy density or fluence, power output, energy per 
session, session time, outcomes measured and results. 
The data collection was performed by the author FF. In 
some instances, if the article referenced a previous study 
in which the parameters used were similar, it was fur-
ther consulted to fill in the missing information. Other-
wise, when information was missing, the parameter was 
marked as not reported (NR). Different articles described 
the use of the same device, but with different operating 
parameters and, therefore, no information was assumed. 
The final table obtained was reviewed by all authors.

This information was then organized in different ways, 
firstly to compare the devices used, secondly to under-
stand trends in paraments, and finally to determine path-
ological details.
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Results
Search and selection of studies
A total of 3108 records were retrieved from the Scopus, 
Web of Science, and PubMed databases. Afterward, 996 
duplicate records were removed, and 2112 articles were 
screened, from which 843 records were excluded for 
not being relevant to the review at hand. A total of 1269 
records were screened, from which one could not be 
retrieved after contacting the corresponding author. Sev-
enty-seven articles were ultimately selected according to 
the eligibility criteria. From the Google Scholar database, 
14 articles were selected, among which one could not be 
retrieved. Finally, 7 articles were selected among the cita-
tions of records included in the search. Thus, a total of 97 
articles were included in this review. Figure 1 depicts the 
search and selection process yielded in the search.

Devices
Of the 97 articles reviewed, 92 relate to brain PBM in 
human subjects. Most articles used transcranial devices 
(n = 90), from which 12 simultaneously used intranasal 
stimulation, two the eyes, and one the ears. Two articles 
used a solo intranasal device [32, 33]. Since some articles 
reported the use of more than one device, either for com-
parison, simultaneous use, or other reasons, there are 104 
reports of devices used for PBM of the brain. One of the 
reported devices, which was provided to the patients for 

home use (MIDCARE laser device), was not considered 
since it was similar to the one used in the clinic (Irradia 
MID 2.5 laser device), and for that reason, did not bring 
new information to this review [23].

Besides the articles related to brain PBM, five arti-
cles and five reports describe light penetration studies. 
From those, three studies used human skulls, three used 
cadaver heads and one used both of them. Only one study 
applied an intranasal device in a cadaveric head, and the 
remainder studies utilized transcranial devices [34–38].

A total of 55 different devices were used for the 
reported brain PBM and light penetration studies, across 
109 reports, implying that some reports refer to the use 
of the same device. In most studies, the parameters used 
for each device were similar, with few exceptions. The 
devices were grouped into 11 categories, according to 
their design or lack of a description. A brief description 
of each category is provided below, as well as the distri-
bution of the different types of devices over the reports.

Laser handpiece
The most common type of device was the laser hand-
pieces, concerning 14 devices and 39% of all reports 
(n = 109). This category of devices consists in a hand-
piece that is manually handled by an operator and can be 
placed anywhere on the head. These devices are generally 

Fig. 1 Preferred reporting items for systematic review and meta-analysis (PRISMA) flowchart of included and excluded studies
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of simple construction, requiring only a control unit and 
a fibre optic cable that connects to the handpiece.

LED clusters
The second most common system are light-emitting 
diode (LED) clusters, with six devices being used in 17% 
of the reports. LED clusters construction may be similar 
to that of laser handpieces, comprising a control unit that 
connects to the LED cluster piece. However, the num-
ber of LED diodes is generally higher, fibre optics are not 
used, and the structure that contains the diodes is flatter. 
On the other hand, some LED clusters are comprised of 
a single component that contains the LEDs and control 
unit, and only allow the user to turn it on and off.

LED covered helmets
LED covered helmets were also common, relating to 12 
devices, and 12% of the reports. Regarding the design of 
helmet devices, they can be comprised of LED clusters 
that are arranged in a helmet shape; LEDs incrusted in a 
metal or plastic structure, shaped like a helmet; or neo-
prene pads filled with LED rows, that are place around 
and on the top of the head.

LED and laser devices without description
Reports where the commercial title of the device was 
not indicated, a design was not described, or an image 
was not provided, were grouped in the categories “LED 
devices without detailed description” or “Laser devices 
without detailed description” since the type of light 
source used was the only clear distinction. LED and laser 
devices without detailed description refer to a total of 
eight devices and 7% of reports, and four devices and 4% 
of reports, respectively.

Localized LED helmets
For localized LED helmets, there were reports for two dif-
ferent devices used in 11% of the reports. These devices 
resemble a helmet but are comprised of two metallic 
straps placed on the top and crown of the head, onto 
which a reduced number of LEDs are attached in specific 
locations, namely three posterior transcranial LEDS, one 
anterior transcranial LED, and one intranasal LED.

Intranasal LED
Intranasal LED devices relate to three types of devices 
and were used in 5% of reports. This type of device con-
sists of a single LED that is placed inside the nostril.

Intranasal laser
There were two intranasal laser devices, which account 
for 2% of all reports. This type of device is comprised of a 
single laser that is placed inside the nostril.

LED headband
The LED headband category relates to two devices and 
2% of all reports. This type of device does not fit in the 
abovementioned categories, as it only stimulates one area 
of the head, namely the forehead. One of the devices is 
not described in detail, but the other is commercially 
available for NIRS and contains a headband that is placed 
on the forehead to measure oxygenation, being composed 
of sensors and LEDs, and a plastic cover to disguise the 
mechanical components. This apparatus is connected to 
a control unit that can be portable.

Laser‑covered helmet
There is one laser-covered helmet, relating to 1% of all 
reports. This device comprised LEDs incrusted in a plas-
tic structure, shaped like a helmet.

Laser needle
The laser needles category refers to a single device, rep-
resenting 1% of all reports. This device comprises four 
stainless steel laser acupuncture diode needles, which 
are connected to a control unit by fibre optics. The four 
needles are held in place with wire holders attached to a 
crown that wraps around the head of the participant.

Figure  2 presents a general representation of the 
devices previously mentioned, namely laser handpieces 
(Fig.  2a), LED clusters (Fig.  2b), LED or laser helmets 
(Fig. 2c), localized LED helmets (Fig. 2d), intranasal LED 
or lasers (Fig.  2e), LED headbands (Fig.  2f ), and laser 
needles (Fig.  2g), along with a schematic representation 
of their positioning.

LED and laser devices without description account for 
22% (n = 55) of all devices, and 11% of all reports. Over-
all, LEDs are more frequently used than lasers in these 
devices, relating to 60% of all devices, and 54% of all 
reports.

Table 1 reports the assortment of devices used across 
the 97 articles. For each device, it is referred the number 
of reports in which it was used. In particular, three of 
the articles used LED helmets with a description of the 
device but without a name and, thus, the devices were 
grouped and designated as “LED helmets without name 
information”. The same rationale was applied to two intra-
nasal devices and the laser helmet without name infor-
mation included in the article. Furthermore, the purpose 
of the study (pathology or light penetration) is indicated 
for each device. Purposes highlighted in bold refer to the 
most common application for a specific device (com-
prising, at least, half of its reports). Multiple inputs con-
cern articles that used different parameters for the same 
device, or the categories which group the devices without 
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description. Additionally, the use of simultaneous wave-
lengths is identified, with the exception of a study which 
used sequential red and NIR wavelengths [33].

Location of the stimulation
There were various methods for reporting the location of 
stimulation, with some articles using the 10–20 electro-
encephalogram (EEG) electrode system, others the Brod-
mann areas, while some studies did not use any standard 
methods, but rather a description of the location. To 
uniformize the information, instead of the head areas in 
which the device was placed, the target brain area was 
determined for each situation (e.g., if the right side of the 
forehead was being stimulated, it was identified as the 
right prefrontal cortex (PFC). When the description pro-
vided in the article did not indicate the target brain area, 
the article description was considered [14, 23, 24, 30, 61, 
62, 64, 78, 96].

The number of reports relates to each mention of a 
stimulation location, across all articles, and resulted 
in a total of 212 reported regions, with only one article 
not mentioning the location of the stimulus [60]. The 
PFC was the most stimulated region of the brain, with 
87 reports of stimulation in this area, either exclusive 
or simultaneous. The reports were usually of bilateral 
stimulation or only on the right side of the PFC. Addi-
tionally, the frontal region was reported 19 times, and the 
motor cortex four times, being the frontal lobe the most 

stimulated region of the brain, with 52% of all reports. 
The frontal lobe was followed by the temporal region, 
which was mentioned 18 times. Additionally, the entorhi-
nal cortex was referred 16 times, and the Wernicke’s area 
was mentioned once. These two areas also concern the 
temporal lobe, which results in a total of 17% of reports 
relating to the temporal lobe.

A trend for the stimulation of several regions dur-
ing the same treatment was noted, concerning 43 of the 
initial 104 reports for PBM of the brain. Henceforth, the 
term several regions will be used to describe situations 
where three or more regions of the brain were stimulated 
during treatment. This threshold was defined since two 
regions usually relate to stimulation of the forehead in 
two different locations.

Stimulation parameters
The functioning parameters considered for the devices’ 
operation were wavelength, mode of operation, power 
density, energy density, energy per session, power output, 
area of actuation and session time. Of the 109 reports, 
34% reported all parameters, and the remaining studies 
had at least one parameter missing. Since wavelength 
was one of the inclusion criteria, all articles provided this 
parameter. Energy per session was the parameter with 
the least mentions, missing in 52% of reports, followed 
by energy density, missing in 33%, power output, missing 
in 30%, area of actuation, which was missing in 26%, and 

Fig. 2 Light stimulation device category illustration (not in scale): a laser handpiece; b LED cluster; c LED/laser helmet; d localized LED helmet; e 
intranasal LED/laser; f LED headband; g laser needles. Created using BioRender.com
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mode of operation, missing in 25%. Power density and 
session time were usually provided, missing only in 16% 
and 11%, respectively.

Some reports provided more than one value for each 
parameter, either because different parameters were used 
simultaneously or because different circumstances were 
tested. For power output and area of actuation, when the 
value provided was related to only one light cluster, but 
several were used simultaneously, the value was multi-
plied by the number of clusters.

Considering the reported values for each parameter, 
the most common value for wavelength was 810  nm 
(26%, n = 131), most devices operate in continuous mode 
(60%, n = 94), the most frequent power density was 
250  mW/cm2 (20%, n = 117), the most common energy 
density was 60  J/cm2 (22%, n = 97), the most prevalent 
energy per session was 1632 J (16%, n = 57), with most of 
the devices working with a power output of 3.4 W (15%, 
n = 99), and usually actuating over an area of 13.6   cm2 
and 5  cm2, both with identical scores (12% each, n = 81). 
Finally, the most frequent session time was 20 min (22%, 
n = 107). Figure 3 shows the frequency of occurrence of 
the wavelength (Fig.  3a), power output (Fig.  3b), power 
density (Fig. 3c), energy per session (Fig. 3d), energy den-
sity (Fig. 3e), mode of operation (Fig. 3f ), and a detailed 
view of pulsed modes (Fig.  3g), to better demonstrate 
tendencies and parameter distribution.

Health conditions
For the analysis of the health conditions, light penetra-
tion studies were not considered. A total of 23 different 
health conditions were identified across 92 articles. To 
avoid the repetition of information, articles that studied 
two combined conditions, namely anxiety with depres-
sion, and traumatic brain injury with depression, were 
considered together as a different condition. Physiologi-
cal characterisation was the most commonly studied 
condition, referring to 21 articles including studies of 
cerebral oxygenation, hemodynamic, and cortical excit-
ability. Cognitive function was assessed in 18 articles, 
which evaluated cognitive performance after or during 
PBM. TBI was studied in 10 articles, and Alzheimer’s dis-
ease was addressed in seven reports. With four articles 
each, depression, Parkinson’s disease, and stroke were 
also addressed. Other health conditions, as dementia and 
drug abuse were studied in three articles each. Anxiety 
and depression, autism, fear, and PTSD (Gulf War ill-
ness) relate to two studies each. With one article in each 
instance, there were also studies for attention deficit 
hyperactivity disorder (ADHD), anxiety, bipolar disorder, 
motor performance, schizophrenia, severe disorder of 
consciousness, sexual dysfunction, TBI with depression, 
blood conditions, vertebrobasilar insufficiency (VBI). Of 

the 57 sham-controlled studies, 53% refer to physiologi-
cal characterisation and cognitive function studies.

Considering that one article did not specify the num-
ber of subjects participating in the trial [13], the remain-
ing studies totalized 3804 participants, with 70% of them 
being diseased patients and the remaining healthy volun-
teers. More than half the subjects (56%) were related to 
cognitive function or stroke studies. The sex of the sub-
jects was not reported in 13 articles (30%) [2, 3, 5, 31, 35, 
38, 48, 58, 61, 64, 66, 88, 91], while, in studies reporting 
this information, 51% of all subjects were female. The 
subjects were aged between 18 and 90  years, except in 
four studies in which subjects under 18  years (i.e., 5 to 
17 years) were used [63, 78, 98, 99].

Neuropsychological assessment tests, such as the 
California Verbal Learning Test II (CVLTII) for TBI, the 
Hamilton Depression Rating Scale (HDRS) for depres-
sion, and the National Institutes of Health Stroke Scale 
(NIHSS) for stroke, were the most common outcome 
measured, which were used in 17 types of health condi-
tions. Self-assessments were employed in seven health 
conditions, and medical brain imaging techniques, such 
as electroencephalogram (EEG), magnetic resonance 
imaging (MRI), functional magnetic resonance imag-
ing (fMRI), NIRS, and motor evoked potentials (MEPs) 
induced by transcranial magnetic stimulation (TMS), 
were used in six health conditions. Table  2 summarises 
the abovementioned data.

Discussion
Device description and analysis
Although it does not seem to exist a clear tendency 
towards the use of a particular device for a particular 
application, some advantages and disadvantages from 
each category can be described.

Laser handpiece
Laser handpieces were the most featured devices across 
all records. These devices are simple and easy to handle 
by the operator, which can quickly and conveniently place 
the device in any area of the head. The small actuation 
area of these devices also allows a more precise treatment 
in the target location. On the downside, in most situa-
tions, the assistance of the operator is expected to cor-
rectly identify the desired site of actuation, as well as to 
position the handpiece in the correct place and to hold it 
during treatment, changing locations whenever needed. 
This implies that the assistance of a specialized third 
party is always required, which may affect the patient’s 
ability to perform treatments as needed, and the operator 
will be completely occupied by the task since they have to 
hold the handpiece.
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Fig. 3 Frequency of occurrence of each parameter value: a wavelength, b power output, c power density, d energy per session, e energy density, f 
mode of operation, g pulse frequency and duty cycle. NR non reported
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Overall, the results of the studies using these devices 
showed an improvement of the symptoms for various 
diseases and positive findings in physiological charac-
terization and cognitive function studies, except for two 
studies targeting stroke, that used NeuroThera® Laser 
System, in which there were no significant improvements 
in patients’ condition [55, 57]. The most used device was 
the Model CG-5000 Laser, with 19 reports, which was 
mostly used in physiological characterization and cogni-
tive function studies. This device works on the highest 
range of wavelength covered in this review, 1064 nm, and 
it was used in continuous mode with a power output up 
to 3.5 W. Studies that use these parameters showed safety, 
negligible heat, and no physical damage [20, 29]. One 
study reported that the neuromodulation caused by PBM 
was not due to the heat generated during treatments 

[48]. Nonetheless, further studies are warranted to cor-
roborate this finding. The reason why this device was fre-
quently employed could be due to its wavelength, since 
reduced light scattering in the head tissues was demon-
strated with this wavelength [10, 41, 51, 58].

LED clusters
LED clusters were the second most recurrent devices 
in the revised records, relating to six different devices. 
Generally, the actuation area of these devices is larger, 
which is useful for stimulating a greater area, being also 
more forgiving in placement. However, this can also be 
perceived as an issue when the stimulation of a smaller 
area is required. Usually, these devices use more than one 
LED cluster simultaneously, meaning that several regions 
of the brain can be stimulated at the same time.

Fig. 3 continued
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Although these devices presuppose the assistance of 
an operator to hold them in place, several articles report 
the use of mechanisms, such as fabric covers, to keep the 
clusters in position during treatment and, thus, freeing 
the operator during the stimulation session, as opposed 
to the laser handpieces [18, 19, 30]. These devices were 
used for different health conditions, such as TBI, stroke, 
depression, Gulf War illness, and cognitive function defi-
cits, showing positive improvements in cognitive func-
tion, as well as antidepressant effects, neuromodulation, 
and overall improvement of neurological symptoms. 
The most used LED cluster was the MedX Health Model 
1100, relating to 6 reports. The most distinctive feature 
of this device is its versatility since it encompasses two 
or three LED clusters that can be applied simultaneously 
in different locations (e.g., its use for ear stimulation). It 
uses red (633  nm) and NIR (870  nm) light, broadening 
the possible stimulatory effects since articles report the 
efficiency of both wavelengths [3, 33].

Helmets
The helmet configuration presents another advantage 
that is lacking in the previous categories of devices; since 
the placement of the helmet is straightforward, it enables 
home use and autonomy of the patient. However, the 
device may fit differently in different patients, missing the 
intended areas for stimulation. One other advantage that 
may arise from this type of device is that distinct areas of 
the helmet can be turned on, at different times, to enable 
customized treatments. Nevertheless, only one article 
referenced the use of this feature, meaning that, although 
a possibility, it is not considered of significance in the use 
of such devices [14].

The application of helmet devices is associated with 
great power output values, which may cause overheat-
ing of the head tissues. Most articles report the use of a 
cooling system, usually with fans, to prevent this situa-
tion [39, 73, 80, 96]. For LED helmets, all articles showed 
improvements in many health conditions. Regarding the 
laser helmet, its use was not conveniently justified, and 
it does not appear to provide any advantage compared 
to LED helmets. Furthermore, the article in which this 
device was used investigated schizophrenia and showed 
no significant improvements in this condition [71]. The 
Cognitolite Transcranial Photomodulation System—a 
modular helmet comprised of several LED clusters, and 
the Thor photomedicine LED lined helmet, which is a 
metal structure encrusted with LEDs, were the most 
commonly reported LED helmets.

Localized helmets
Localized LED helmets relate to a specific type of device 
by the company Vielight®. The advantages of using these 

devices are their home use and simple positioning, simi-
lar to other helmets, but with the addition of a simple and 
lightweight design, and an intranasal LED. Even though 
this device was designed and is commercially available to 
enhance mental performance, it was used in 12 reports 
for eight different purposes, namely AD [105, 106], 
autism [99], cognitive function improvements [100, 104], 
dementia [26], Gulf War illness [101], PD [23], physi-
ological characterisation [102], and TBI [103]. Overall, 
all articles showed clinical improvements, except one 
for cortical excitability, where the lack of success was 
attributed to the use of healthy and young subjects, as 
opposed to other similar studies which showed positive 
findings in older or neurological diseased subjects [102]. 
Also, another study focused on the improvement of TBI 
symptoms showed positive outcomes in only one subject, 
however, the authors state that it may be due to a placebo 
effect [103].

A downside of using these devices may be the spe-
cific locations of the LEDs and the inability to move the 
actuators as desired, which can limit their use for cer-
tain health conditions if the affected area of the brain to 
be stimulated does not coincide with the location of the 
LEDs.

LED headband
The LED headbands, which were used in a study dedi-
cated to the improvement of cognitive function [93] and 
another for the improvement of anxiety symptoms [92], 
may be useful to stimulate wider areas. However, their 
design appears to be more focused on the forehead. 
Furthermore, one of the devices, the OEG-SpO2, was 
designed to be portable and can be placed by the user, 
which allows home use. Both reports showed positive 
findings in the scope of their studies [93].

Laser needles
The laser needles device by Weber Medical comprises 
four laser needles, each with a very small actuation area. 
In theory, this system allows the simultaneous stimula-
tion of different locations, according to the placement of 
the needles. Nevertheless, the study that reported using 
this device placed the needles close together. This device 
encompasses a fixation system that frees the operator 
during the stimulation session, but it is a complex system 
to be applied at home by the patient alone. Also, the setup 
of this device is one of the most complex, as it requires 
the placement and fixation of each needle individually. 
Changing the stimulation site, for instance, will require 
more time compared to the other devices, which are sim-
ply placed in the actuation site. The study that used this 
device found neuroplastic changes after its use [72].
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Intranasal
There were seven reports of intranasal devices used for 
brain PBM. One report relates to a light penetration 
study that used a laser intranasal device [37]. A study 
with demented patients used a Vielight® intranasal device 
as a complementary home treatment after sessions of 
PBM therapy in the clinic [26]. Regarding intranasal 
devices used individually, a study of blood conditions 
[32] used the BLOODCARE Medical Laser Device, and a 
PBM study with PD patients [33] used an intranasal LED. 
The remaining three reports concern simultaneous use of 
intranasal and transcranial devices for the treatment of 
Gulf War illness [14] and AD [25].

The main advantage of this type of device is the stimu-
lation of the inner parts of the brain. These devices are 
portable and easy to use, however, they can be considered 
invasive. The Vielight® devices Neuro Alpha and Neuro 
Gamma include an intranasal LED, which was used in 
all 12 reports of these devices. The results of the stud-
ies which combined intranasal devices with transcranial 
devices cannot clearly be related to the use of intrana-
sal devices solely, since studies for the same pathologies 
with only transcranial stimulation showed similar results, 
namely for the treatment of dementia [94], AD [24], and 
Gulf War illness [101]. However, solo intranasal devices 
led to improvements in signs of PD [33] and blood 
hemorheology behaviour [32].

From the 15 articles that described the simultaneous 
stimulation of transcranial and intranasal, eye, or ear 
stimulation, there is no clear difference arising from their 
combination, since similar studies also showed positive 
results when stimuli were applied individually. Thus, 
further studies which directly compare the sole use of 
intranasal, ear, and eye stimulation with their concomi-
tant utilization with transcranial devices are warranted to 
determine its efficiency and necessity.

Moreover, there was no significant trend toward the 
use of LEDs or lasers since they were used in similar 
numbers, and there is no consensus if either one is pref-
erable to the other. Cost may be a decisive factor as lasers 
are generally more expensive [107].

Table 3 presents an overview of the design, advantages, 
and disadvantages of each category of device, along with 
the most used device in each category.

Parameter analysis and condition relation
One of the purposes of this review was to understand 
if there were trends for the treatment of certain health 
conditions with brain PBM. It should be noted that the 
eight parameters initially established for the review 
were selected because they relate to a full characterisa-
tion of the stimulation, which is provided in 37 of the 
reviewed articles. However, it is possible to fully define 

the stimulation parameters with only the actuation site, 
area of actuation, power output, session time, mode 
of operation and wavelength. The purpose of compar-
ing the reports for each of the eight parameters was to 
demonstrate the inconsistency of information, which 
often leaves the stimulation underdefined, and the need 
for standard methods of reporting PBM studies. Even 
though there are no clear indications for a standard treat-
ment procedure for each condition, some trends can be 
pointed out.

Overall, the results of studies showed positive findings 
following the use of PBM, with no relevant difference due 
to the subjects’ sex, but a possible difference according 
to age and condition, a hypothesis raised from a study of 
cortical excitability in healthy volunteers [102].

Location of stimulation
Regarding stimulus location, the PFC is the most com-
monly stimulated region of the brain, with some articles 
mentioning the lack of hair in the forehead, and there-
fore, higher light penetration [39, 66, 76]. However, a 
substantial number of studies (e.g., those which used 
helmet devices) stimulated the scalp with hair and also 
showed beneficial outcomes, which means that the effect 
of hair in light penetration in head structures should be 
further investigated to understand if it has a significant 
effect. Furthermore, another advantage of the PFC as the 
PBM target location is that this region has a relevant role 
in the processing of simultaneous stimuli and thought, 
and in cognitive control, which explains its prevalent use 
in mental and physiological conditions [85, 108].

As previously mentioned, it was common for several 
regions of the brain to be stimulated simultaneously, 
especially in degenerative diseases and/or condi-
tions, such as AD, PD, and dementia. For dementia and 
AD, which are associated with overall damage in cer-
ebral structures and loss of neuronal communication, it 
appears reasonable that the whole head should be stimu-
lated, since the damage is spread through the whole brain 
[109]. Regarding PD, deeper brain structures, such as the 
basal ganglia and hypothalamus, and back structures, 
such as the cerebellum and the brainstem, are affected, 
which justifies the broad placement of the stimulation 
since the aim is to reach deeper areas of the brain [110]. 
It is relevant to understand if the transcranial light can 
reach these depths, since a cadaver study demonstrated 
that light only penetrates up to 40 to 50 mm of the brain 
[38]. One study mentions the use of intraoral stimulation 
to better reach these internal structures, which may be a 
solution for this issue [28]. Additionally, Gulf War illness 
and schizophrenia also showed a trend in the stimulation 
of several regions, but the number of articles is reduced 
and, thus, this trend may be biased.
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Wavelength
Concerning wavelength, 810 nm is the most widely used 
across all health conditions, with fluctuations from 808 to 
850  nm. When red light is used, it is usually combined 
with NIR light, except in a LED helmet applied in PBM 
for PD patients [16], a LED device lacking a detailed 
description which was used to assess the effect of PBM 
in non-demented elderly women [79], and an intrana-
sal LED device employed to treat generalized anxiety 
disorder [33], in which only red light was used for the 
stimulation.

The rationale behind the use of this wavelength is justi-
fied by its reduced absorption by the three major tissue 
chromophores (i.e., haemoglobin, melanin, and water), 
showing also effective absorption by the mitochondria, 
which is currently believed to be one of the mechanisms 
responsible for the effects of PBM on the brain [1–3, 77].

Nonetheless, a higher wavelength, namely 1064 nm, is 
more commonly used in physiological studies, specifi-
cally for cognitive function improvement and physiologi-
cal characterisation, and in studies of fear and bipolar 
disorder. The use of this longer wavelength is associated 
to a deeper a penetration through the various head tis-
sues. This characteristic is attributed to reduced scat-
tering of photons in this wavelength. Studies show that 
even though this wavelength is not optimal for the 
known mitochondrial process behind the positive results 
of PBM, it still is produces this biological response [11, 
111–113]. Additionally, there are some indications in 
literature that there is another mechanism activated by 
higher wavelengths, at light sensitive ion channels, but 
further research is required to establish the relevance 
and effectiveness of this mechanism [2]. Even so, the 
fact that this wavelength can reach deeper into the brain 
structures compensates for its lack of effect at the mito-
chondria, and some studies believe that this trade-off is 
actually beneficial and increases the positive results [10, 
41, 51, 58].

Mode of operation
In the reported PBM studies for physiological charac-
terization, light in continuous mode was the most used, 
whereas in studies of PBM in degenerative brain diseases, 
light in pulsed mode was more common. Among the 
included articles (n = 97), one study in AD patients com-
pared both continuous and pulsed stimulation, observing 
that continuous stimulation caused a significant and large 
enhancement of neural activity in the gamma band [89]. 
One article assessing the effect of PBM in cortical excit-
ability studied the use of pulsed NIR light in the 5  Hz, 
10 Hz and 20 Hz frequencies, with a 50% duty cycle. This 
study noticed that not only low energy NIR stimulation 
changed the EEG signal when compared to the control 

group, but also that increasing frequency had a greater 
impact on brain activity, which may have a role in the 
improvement of memory [76].

Another article, which did not fit the initial inclusion 
criteria, compared the use of continuous or pulsed light 
in animal and human studies and concluded that pulsed 
light is more beneficial, especially for wound healing and 
post-stroke management [114]. Considering that there is 
no consensus on the mode of operation for the remaining 
health conditions, further studies are necessary to deter-
mine which mode of operation is more adequate for dif-
ferent circumstances.

Power density and power output
Power density was usually used at around 250 mW/cm2, 
especially in physiological conditions. Lower values were 
also applied, the lowest being 4 mW/cm2 for ear stimula-
tion in a PBM study with Gulf War illness patients [14]. 
Studies investigating PBM in TBI, dementia, anxiety, 
severe disorder of consciousness and blood conditions 
explored power density values below 50 mW/cm2.

The highest recorded power density value was 
800 mW/cm2, which was applied with a laser helmet, and 
a frequency of 75 Hz (20% duty cycle), in a study of PBM 
in schizophrenia patients [71]. Despite the high-power 
density values, no study reported negative side effects 
because of heat generated by light stimulation. As pre-
viously stated, helmet devices, which usually presented 
higher power values, were often combined with a cool-
ing system to prevent this issue. High power values (10 to 
13 W) were used in a PBM study with patients with TBI 
and related depression. This study utilized the laser hand-
pieces LiteCure® LT1000 and Diowave 810 with a sweep-
ing motion to avoid overheating, and patients reported 
a comfortable warm feeling during the sessions [59]. A 
study of the effects of PBM in AD patients used a laser 
handpiece Aspen diode laser, with power values between 
5 and 25 W, oscillatory motion across the treatment site, 
fans, and pauses in treatment to maintain normal skin 
temperature [67]. These instances bring into discussion 
whether PBM treatments with higher power outputs can 
overheat the head tissues and cause damage. Even though 
these devices used cooling systems, it would be crucial to 
determine a safe threshold for power output per area (i.e., 
power density) to define a maximum power output value 
for future studies.

Table 4 presents a more detailed overview of the trends 
previously mentioned. The health conditions were sub-
grouped by category, namely degenerative, mental, 
physiological conditions, brain injury, or others, and the 
parameters provided are location, wavelength, mode of 
operation and power density, which are the most com-
monly reported, along with treatment time, which was 
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Table 4 Target condition and parameter mode

*Several regions detailed: TBI—Circle of Willis, over the mastoid processes, PFC, entorhinal cortex, hippocampus, frontal, parietal, temporal, occipital, and 
temporoparietal regions, default mode network (DMN), salience network (SN), other not specified; stroke—PFC, frontal, temporal and occipital regions, vertex of the 
head, Wernicke’s area, around ears, other not specified; AD—PFC, frontal and temporal regions, enthornial cortex, hippocampus, and intraocular; dementia—PFC, 
frontal and temporal regions, entorhinal cortex, hippocampus, and other not specified; PD—PFC, frontal and temporal regions, entorhinal cortex, hippocampus, 
basal ganglia and substantia nigra (intraoral), back of neck, other not specified; autism—PFC, frontal and temporal regions, entorhinal cortex, hippocampus; Gulf War 
illness—PFC, frontal and temporal regions, entorhinal cortex, hippocampus, ears

Target condition No. of reports Location Wavelength (nm) Mode of 
operation

Power density 
(mW/cm2)

Device

Brain injury Traumatic brain 
injury

12 Several regions* 
(75%)

629–633 (42%); Continuous (42%) 6.4–100 (75%) Helmet/MedX 
Health Model 1100

Traumatic brain 
injury with depres-
sion

2 PFC and temporal 
region (100%)

810 (100%) Continuous 
and pulsed 10 Hz 
(100%)

NR (100%) LiteCure® LT1000

Stroke 4 Several regions* 
(100%)

808 (75%) NR (75%); continu-
ous and pulsed 
146 Hz (25%)

NR (75%); 22.2 
(25%)

NeuroThera® Laser 
System

Degenerative Alzheimer’s 
disease

8 Several regions* 
(100%)

810 (63%) Pulsed 10 Hz (50%) 23.1–354 (100%) Helmet/localized 
helmet

Dementia 4 Several regions 
(100%)

810 (75%) Pulsed 10 Hz 
(50%); NR (50%)

14.2–41 (100%) –

Parkinson’s disease 6 Several regions* 
(67%)

810 (33%); 904 
(33%)

Pulsed 50 Hz (33%) 6–100 (50%); NR 
(50%)

–

Mental Anxiety 1 PFC and ventrolat-
eral PFC (100%)

830 (100%) Continuous 
(100%)

30 (100%) LED not described

Bipolar disorder 1 PFC (100%) 1064 (100%) Continuous 
(100%)

250 (100%) CytonPro

Depression 4 PFC (100%) 808–830 (75%) Continuous 
(100%)

33.2–700 (100%) –

Fear 2 PFC (100%) 1064 (100%) Continuous 
(100%)

250 (100%) Model CG-5000 laser

Anxiety 
and depression

2 PFC (100%) 810 (50%); 945 
(50%)

Continuous (50%); 
NR (50%)

250 (50%); NR 
(50%)

–

Autism 3 Several regions* 
(67%)

810 (67%) Pulsed 10 Hz 
(33%); pulsed 
40 Hz (33%)

100 (transcra-
nial); 75 (anterior 
transcranial); 25 
(intranasal) (67%)

Vielight® neuro 
alpha/gamma

Schizophrenia 1 Several points 
(100%)

630 and 810 
(100%)

Pulsed 75 Hz 
20%DC (100%)

800 (100%) Laser helmet

ADHD 1 PFC (100%) 660 and 905 
(100%)

Superpulsed 
(100%)

NR (100%) Theralase® TLC-2000 
CLT

Physiological Motor perfor-
mance

1 Motor cortex 
(100%)

808 (100%) Continuous 
(100%)

200 (100%) Laser not described

Physiological 
characterisation

21 PFC (mostly right 
side) (71%)

808–850 (48%); 
1064 (43%)

Continuous (71%) 250–285 (43%) Model CG-5000 laser

Cognitive function 18 PFC (mostly right 
side) (83%)

1064 (50%); 
800–850 (44%)

Continuous (72%) 250 (44%) Model CG-5000 laser

Blood conditions 1 Intranasal (100%) 650 (100%) NR (100%) 8.38 (100%) BLOODCARE medi-
cal laser device

Other PTSD (Gulf War 
illness)

6 Several points* 
(100%)

810–850 (67%) continuous (67%) 4–100 (100%) –

Severe disorder 
of consciousness

1 Upper edge of two 
fossa sphenoidalis 
(100%)

785 (100%) NR (100%) 10 (100%) Power twin 21

Sexual dysfunction 1 Dorsolateral PFC 
(100%)

823 (100%) NR (100%) 36.2 (100%) Omnilux new U 
device

Drug abuse 3 Dorsolateral PFC 
(100%)

810 (100%) NR (67%); pulsed 
10 Hz (33%)

250 (100%) LED not described

Vertebrobasilar 
insufficiency

1 Back of neck 
(100%)

810–830 (100%) Pulsed 6 kHz 
(100%)

NR (100%) CTL-1100 low power 
laser
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already reported in Table  2. For each parameter and 
condition, the mode value is indicated. In cases where 
there were two modes or two values had close frequen-
cies, both values are presented. NR refers to unreported 
values, which were considered in this analysis since, in 
several parameters, this was a significant number. When 
NR was the mode, the next value with greater frequency 
is also presented, when possible. When there was not a 
mode value, the whole range of values was presented. 
Energy density, energy per session and power output val-
ues were often not reported by the studies, and thus not 
considered.

Figure  4 depicts the brain regions stimulated, and 
thereby affected, by each type of condition. In some stud-
ies, the brain region being stimulated was not clear, and 
thus these cases were not included.

Light penetration
Light penetration studies were focused on the wavelength 
and power values that enable more efficient light delivery 
to the targeted brain areas. One study detailed the use of 
continuous and pulsed light but did not show different 
results based on different modes of operation [38].

The wavelength used in studies assessing light penetra-
tion ranged between 633 and 970 nm, and power density 

between 35 and 700 mW/cm2. Light at 700 mW/cm2 and 
with 800 nm wavelength, can penetrate the skull, but with 
an attenuation greater than 95% [36]. Despite this power 
density value being higher than the values commonly 
reported in the articles under review, it has been proved 
to be safe for clinical use in major depressive disorder 
[22]. Furthermore, one study of PBM in schizophre-
nia patients used a higher power density value, namely 
800 mW/cm2, and did not show significant improvement 
in cognitive impairment. However, the authors noted a 
decline in depression and anxiety factors in neuropsy-
chological tests, with no apparent negative side effects, 
namely overheating and tissue damage, from the use of a 
high power density value [71]. Studies in cadaveric heads 
show penetration of 808 nm light through the scalp, skull, 
and meninges to a brain depth of approximately 40 mm 
[38].

Moreover, a study delivering intranasal light stimula-
tion to a cadaveric head demonstrated that transsphenoi-
dal delivery of light to brain structures is possible [37].

An additional study that did not fit the inclusion crite-
ria (it used lamb skulls) showed that approximately 2.9% 
of the 810 nm continuous light delivered at a power of 10 
to 15 W penetrated 3 cm of tissue (skin, skull, and brain), 
as opposed to 980  nm light in the same circumstances, 

Fig. 4 Location of stimulation, condition, and device overview. Created with BioRender.com
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of which only 1.2% penetrated the same distance in the 
lamb brain, remarking the impact of wavelength in this 
phenomenon [115].

Considering wavelength, as stated in Sect.  4.2, some 
studies justify the use of infrared light of 1064  nm 
because it is less scattered in the head tissues when com-
pared to lower wavelengths, allowing deeper tissue pen-
etration (i.e., around 30 to 40 mm), of 1–2% of the light 
treatment [10, 41, 51, 58]. However, some simulation 
studies, which do not fit the inclusion criteria, but con-
tain useful information in the discussion of the penetra-
tion of light through head the tissue, have disagreeing 
information on this topic. One Monte Carlo optical sim-
ulation study demonstrated that photons of 810 nm and 
660 nm wavelengths reached wider and deeper into the 
brain structures, when compared to 1064 nm [116], while 
another Monte Carlo study concluded that 1064 nm pho-
tons penetrate deeper than 810 nm photons, due to less 
scattering by the tissues. However, it also pointed out 
that higher melanin contents in the scalp may affect the 
1064 nm photons penetration, favouring the 810 nm pho-
tons [117]. To address the scattering of photons through 
the head tissues, an additional Monte Carlo study con-
ducted a simulation with multiple, evenly distributed 
emitters across the scalp (working under the safe thermal 
limit), to understand if it could be possible to increase 
photon density in the brain. The study revealed that this 
configuration significantly increased photon flux and 

distribution in the brain. This study used 850  nm NIR, 
which further implies that the scattering issue of wave-
lengths lower than 1064 nm could be resolved [118].

Figure  5 is the summary of the information on light 
penetration through the brain collected from the above-
mentioned studies, not including simulation results. The 
depth of light propagation is represented as a function of 
the light parameters used in the respective experiments.

Although light penetration through the head structures 
plays a dominant role in current studies of PBM for neu-
rological conditions, there are indications in literature 
that there may be indirect or abscopal effects associated 
with stimulation with red and NIR light [1, 3]. A 2018 
study could even find a relation between PBM applied to 
the back and thighs, and the improvement of depression 
symptoms [119]. Studies with animals further empha-
sise this effect, specifically one example which studied 
PD with mice models, applying NIR radiation only to the 
body and protecting the head with aluminium foil, and 
still seeing protective effects in brain cells [120].

These studies suggest that the circulatory system might 
play a role in the transmission of the mechanisms acti-
vated in a location away from the target tissue, by the NIR 
stimulation, allowing these mechanism to be reflected in 
the tissues of interests [3, 120, 121]. Nevertheless, more 
research is warranted to understand this effect and what 
purpose it serves in PBM of the brain.

Fig. 5 Illustration of light parameters and respective penetration in head tissues. The depicted locations are not related to the parameters but are 
approximations for better visualization. Created with BioRender.com
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Limitations
The lack of clear reporting of PBM parameters is one of 
the limitations of the present review. Wavelength was 
one of the inclusion criteria, and the location of the stim-
ulation was mentioned in all articles, except for one [60]. 
Besides these two parameters, much of the PBM infor-
mation was left out in several studies. For instance, the 
mode of operation is a fundamental aspect of the stimu-
lation since several studies showed that can impact the 
effects of the treatment, but it was only mentioned in 25% 
of reports. Also, the lack of information on the area of 
actuation, power/energy density or power output impairs 
the fully characterization of the amount of light that is 
applied to the head. Additionally, from the 57 devices 
found in this research, 28% were not described in terms 
of design, besides identifying the use of LEDs or lasers. 
Even for those devices that were described, the lack of 
visual support occasionally hindered the understanding 
of the device design and functioning. The acquisition and 
categorisation of this information was difficult in these 
circumstances, which compromised the comparison of 
devices, parameters and the effectiveness of the stimula-
tion protocols.

Regarding the number of subjects, 25% (n = 97) of 
studies have 10 or less participants. Along with this, the 
methods to determine the efficiency of treatments rely 
mainly on neurophysiological tests, which are often not 
sham-controlled, raising questions about placebo effect 
in such studies [17, 25, 26, 33, 61–64, 82, 87, 101]. On the 
other hand, 77% of the studies addressing physiological 
characterisation and cognitive function improvement 
were sham-controlled. More specifically, physiological 
characterisation studies often used imaging techniques to 
accurately determine differences in oxygenation, imply-
ing that the results of studies in these areas are more reli-
able [11, 47, 72, 76, 102].

Comparative studies for different parameters are 
required to establish the most adequate regimen for dif-
ferent circumstances (e.g., patients, diseases). Different 
articles assessing the effectiveness of PBM for treating 
the same pathology/medical condition used distinct 
combinations of parameters and showed positive out-
comes. This hinders the conclusion of which stimulation 
protocols are the most adequate to achieve the greatest 
benefits.

Conclusions
The aim of this review was to analyse and understand the 
devices that are being used for brain PBM, as well as their 
operating parameters, in order to determine the most 
appropriate characteristics and parameters for certain 
neurological conditions. Similarly, this review envisioned 
the evaluation on which device configuration presents 

more promising results. The inclusion criteria were broad 
to include as many records of devices employed in brain 
PBM as possible, rather than limiting to a specific group 
of devices to obtain a more comprehensive perspective.

Although brain PBM has been studied for over two dec-
ades and has been proven to induce beneficial effects on 
various health conditions, it is uncertain which param-
eters are more suitable and cause more beneficial effect 
for different pathologies and patients. This fact is further 
intensified by the lack of consistency in the reporting of 
these studies, both in terms of parameters and device 
description, which is detrimental for research of this field 
since a significant part of the studies and results cannot 
be reproduced neither compared. Thus, the actuation 
site, area of actuation, power output, session time, mode 
of operation and wavelength should be always provided, 
so that the stimulation can be well-defined and replicated 
by others. Moreover, further comparative and sham-
controlled studies are demanded to compare parameters 
and the respective results, establishing more reliable 
conclusions.

The correlation between devices/parameters and health 
conditions has been discussed with the purpose of find-
ing some trend. PBM studies addressing physiological 
characterization and cognitive function improvements 
are those who display more defined trends, namely the 
use of higher wavelength, PFC as the stimulation site, 
power density values around 250  mW/cm2, and the use 
of continuous mode of operation. For neurodegenerative 
diseases, the tendencies noted were the use of 810  nm 
light, multi-spot stimulation, and the use of pulsed 
light. The PFC was often stimulated in mental condi-
tions. Besides these trends, there are still no parameters 
and methods of stimulation that seem more suitable for 
other health conditions. Regarding the reported devices, 
it was noticed a preference for laser handpieces. This may 
be due to their versatility and ease of use. LED clusters 
appear as an alternative for larger stimulation areas and 
have fixation options to the head. The use of helmets may 
be a more suitable alternative for home treatments since 
its placement is straightforward. Additionally, the cus-
tomization of treatments with distinct areas of the hel-
mets being turned on should also be studied further.

This review provided insight on the clinical studies of 
PBM of the brain for neurological health conditions and 
can possibly serve as reference for future studies in this 
field. The collection and organisation of information from 
these studies has resulted in an understanding of which 
light parameters and types of devices are most commonly 
used for certain health conditions, however it dem-
onstrates that more research is warranted to establish 
adequate parameters for future treatments, and that the 
methods of reporting these studies are lacking coherence.
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