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Abstract
Functional near-infrared spectroscopy (fNIRS) is a relatively new imaging modality in the functional neuroimaging research
arena. The fNIRS modality non-invasively investigates the change of blood oxygenation level in the human brain utilizing the
transillumination technique. In the last two decades, the interest in this modality is gradually evolving for its real-timemonitoring,
relatively low-cost, radiation-less environment, portability, patient-friendliness, etc. Including brain-computer interface and
functional neuroimaging research, this technique has some important application of clinical perspectives such as Alzheimer’s
disease, schizophrenia, dyslexia, Parkinson’s disease, childhood disorders, post-neurosurgery dysfunction, attention, functional
connectivity, and many more can be diagnosed as well as in some form of assistive modality in clinical approaches. Regarding
the issue, this review article presents the current scopes of fNIRS in medical assistance, clinical decision making, and future
perspectives. This article also covers a short history of fNIRS, fundamental theories, and significant outcomes reported by a
number of scholarly articles. Since this review article is hopefully the first one that comprehensively explores the potential scopes
of the fNIRS in a clinical perspective, we hope it will be helpful for the researchers, physicians, practitioners, current students of
the functional neuroimaging field, and the related personnel for their further studies and applications.

Keywords Functional near-infrared spectroscopy (fNIRS) . Anesthetic depth monitoring . Behavioral disorder . Neurological
disorder . Assistivemodality

Introduction

Frans Jöbsis, a pioneer in biomedical optics, showed in 1977
that brain tissue transparency is relatively high in the near-
infrared (NIR) range (700–900 nm) of the optical spectrum
which allows us to record the average hemoglobin-
oxyhemoglobin equilibrium in continuous time non-
invasively using infrared transillumination spectroscopy [1].
After several demonstrations and different types of tests on
laboratory animals, in 1985, this technique was first used to

study cerebral oxygenation on sick newborn babies [2]. The
first prototype of the near-infrared spectroscopy (NIRS) in-
strument was deployed by Marco Ferrari, in 1980. He started
utilizing the prototype NIRS instruments for measuring the
changes in brain oxygenation in human adults [3, 4]. In
1984, David Delpy started developing several NIRS instru-
ments. The first quantitative measurement of numerous hemo-
dynamic oxygenation parameters in sick newborn children
was published. The tests recorded increases in oxygenated
(HbO2) concentrations, deoxygenated (dHb) concentration,
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total hemoglobin levels (HbT), cerebral blood flow (CBV),
and blood circulation (CBF) in the brain [5].

NIRO-1000 was the first commercial single-channel contin-
uous wave clinical instrument by Hamamatsu Photonics K.K.
(Hamamatsu City, Japan), built in 1989 after Cope and Delpy
introduced four-wavelength system just 1 year before [6]. After
that, different companies have developed their own NIRS pro-
totypes in different time periods and different purposes.

Functional near-infrared spectroscopy (fNIRS) provides
the relative change of blood oxygenation level in the superfi-
cial layer of the brain tissue. Functional magnetic resonance
imaging (fMRI) also provides the same result [7] and this
modality provides more accurate results than the fNIRS. The
main drawback of the fMRI is its temporal resolution. With
the poor temporal resolution, fMRI is very sensitive with mo-
tion as well as this is a costly and bulky imaging modality. On
this contrary, fNIRS becomes popular because it provides
real-time monitoring (with moderate temporal and fine spatial
resolution), relatively low cost, radiation-less environment,
portability, very fewer motion sensitivities, patient-
friendliness feature, etc.

The main fields of fNIRS are related to neurology, psychi-
atry, psychology, education, cognitive neuroscience, and
many more. These include a brain-computer interface (BCI),
Alzheimer’s disease, Parkinson’s disease, post-neurosurgery
dysfunction, anxiety disorders, childhood disorders, attention,
functional connectivity, neuroergonomics, and so on. The
fNIRS is developing rapidly over these years and the re-
searchers of the diverse fields are engaging to better under-
stand the functionality of the human brain. On the other hand,
due to being a new neuroimaging modality, the different re-
searchers of the arena of Biomedical Engineering are becom-
ing interested in the medical applications of the fNIRS.
Although there is a number of medical applications of the
fNIRS, so far our knowledge, there is no review article that
explores most of the medical applications of the fNIRS.
Therefore, it could be an interesting scope to present a review
article based on the medical applications of the fNIRS so that
the researchers can focus on the future perspectives of this
modality and its usages in the clinical applications.

The main contribution of this paper is to present how the
fNIRS technology can assist medical and clinical decision
making in different kinds of diseases. This review paper stud-
ied more than 200 papers of the applications of fNIRS and
scrutinized some selected articles that are directly related to
the medical or clinical applications of the fNIRS. Significant
outcomes of the articles have been reported in this work in a
narrative aspect. In addition, the study environment, the sig-
nificance of the outcomes, limitations, future perspectives, etc.
are also discussed in this review article.

This paper is organized as follows: the fundamental work-
ing principle of the fNIRS modality is described in “The
Fundamentals of fNIRS Modality”. The clinical applications

of fNIRS till now are presented in “fNIRS in Clinical
Practices”. The drawback of this modality in clinical practice
is described in the section titled as “Limitation of This
Modality”. This review work has been concluded with its
future perspectives in “Conclusions”.

The Fundamentals of fNIRS Modality

Functional near-infrared spectroscopy or fNIRS is a non-
invasive optical functional imaging system. fNIRS uses the
utility of near-infrared optical window (700–900 nm) which is
almost transparent to skin, bone, and brain tissue [1]. The chro-
mophores (HbO2 and dHb) existed in the blood absorbs NIR,
and most importantly, the absorption coefficients of HbO2 and
dHb are different. Therefore, the scattered-back light after ab-
sorption can provide information about the amount of the chro-
mophores in that region which can be evaluated by modified
Beer-Lambert law (mBLL). The blood circulation and the brain
functionality are related to each other by the neuro-vascular
coupling which is also known as the hemodynamic response.

When any region of our brain becomes activated, the neu-
rons of that region need energy. This energy is produced from
glucose metabolization, and to metabolize glucose, there needs
oxygen. This oxygen is transported to that region by blood by
combining with hemoglobin as HbO2. Therefore, the increas-
ing amount of HbO2 or decreased amount of Hb provides the
activation information, indirectly. This blood-dependent activa-
tion is also known as the BOLD (blood-oxygenation-level-de-
pendent) response. Through the method of neurovascular cou-
pling, neuronal activities are linked to related variations in re-
gional cerebral blood flow (rCBF). In addition, this is also the
core idea of fMRI and that is why the fNIRS and fMRI provide
similar results in functional brain imaging [7].

In the hardware section of fNIR devices, the infrared light
emitter diode and detectors are generally placed 3–4 cm apart
as Fig. 1.While infrared light penetrates the cerebrum, it traces
a banana-shaped path (shown in Fig. 1) through emitter to the
detector. A series of sources and detectors are oriented in a
defined manner in an optode band. Since the NIR light ab-
sorbs by HbO2 and dHb while traveling from emitter to de-
tector, the intensity of the NIR light is decreased. From the
difference between the intensity emitting and scattered back
NIR light, the relative change of the oxygen concentration is
assessed. The detailed procedure of measuring the oxygen
saturation through fNIRS technology is worth reading the pa-
per in [8, 9]. Since the absorption coefficients of HbO2 and Hb
are different, the detected intensity contains two variables. To
meet the challenge, simultaneously, the lights of two different
wavelengths are supplied from the emitter. The increased
amount of HbO2 concentration reports the activation of a spe-
cific region of the brain. Since oxygen is transported by the
hemoglobin, with the increment of HbO2, there occurs
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decrement in the concentration of Hb. Therefore, fNIRS sig-
nals of HbO2 are negatively correlated with dHb.

fNIRS in Clinical Practices

The fNIRS modality is being used in many areas of researches
and applications. Since this article scopes to pay attention only
to its clinical applications and future perspective, we divided
the application areas of the fNIRS modality into some major
subjects. There are several applications of the fNIRS technol-
ogy that have been reported in one or two articles. Such ap-
plications are excluded in the area of major clinical applica-
tions of the fNIRS. We paid our attention to some of the
clinical applications that contributed significantly to this field
by different approaches. The concerning major applications
are described by the following subsections.

Monitoring the Anesthetic Depth

One of the remarkable applications of fNIRS as a clinical tool
is anesthetic depth monitoring. From 2009 to 2017, a wide
range of investigations had been conducted by several re-
search groups to correlate the anesthetic depth to
neurovascular coupling. A complete anesthetic delivery mon-
itoring system requires different continuous measures such as
peripheral oxygenation, circulation, ventilation, and tempera-
ture [10]; those aid to assure the safety of anesthesia proce-
dures. As an anesthetic monitoring tool to evaluate the effect
of general anesthesia, a combined method (Bispectral Index
monitor (BIS) [11]) includes the investigations of electroen-
cephalographic (EEG) signals, facial electromyography
(EMG), and auditory evoked potential (AEP). A combined
arrangement of fNIRS and BIS is shown in Fig. 2. Although
this method provides the patient’s anesthetized condition, it is
not good enough to predict the level of anesthetic depth for
proper guidance of anesthetic delivery [12, 13]. Aforesaid
complaint creates scope to develop a new method that can
facilitate the optimal anesthetic delivery to enhance patient
safety.

The research works [14, 15] introduced for the first time the
correlation between the anesthetic depth and the
neurovascular coupling in the human body. Therefore, a

new dimension was added to neuroscience finding the path-
way to assess the quantitative measurement of anesthetic
depth. The anesthesia delivery process can alter brain hemo-
dynamics which affects the regional cerebral blood flow
(rCBF) as well as a neurovascular coupling in the cortical
regions exclusively the prefrontal cortex (PFC) [16–19]. It
was reported in [19] that the most activated region regarding
the emergence of consciousness is the dorsomedial superficial
layer of the prefrontal cortex as given in Fig. 3. The modality,
fNIRS, is capable to evaluate the neural activities associated
with hemodynamics through brain-energy metabolism re-
search [20–22]. This preliminary research work established
the foundation to demonstrate fNIRS as a clinical tool for
real-time monitoring of the effect of anesthesia or sedation
on cerebral oxygenation. With a variety of research work, it
has been proved that fNIRS can provide the measurements of
cerebral oxygenation that can discriminate among anesthetic
states [23–26], concentrations of the same anesthetic (such as
5% versus 8% sevoflurane) [19, 24, 27], and different anes-
thetics [24, 26].

In anesthetic depth monitoring period, one of the major
important observations is the changes in hemoglobin concen-
tration (HbX: HbO2 and dHb) during the transition from the
deeply anesthetized state (maintenance) to light anesthetized
state (emergence) which was excluded as the possible con-
founders in the previous work described in [27]. A beautiful
research work [28] investigated this problem and found that
significant reductions took place in the global mean of HbO2

and HbT while the subjects experienced a transition from
maintenance to emergence. This work proposed two postu-
lates to describe the hemodynamics as (i) there is less space
to be occupied as the vasodilatory effect wears off and (ii) the
molecules move faster through the area of interest. Besides,
this research work showed a high accuracy classification
(94.7%) performance based on the corresponding signal fea-
tures (standard deviation, range, minimum dHb, and HbO2) to
discriminate the transition from maintenance to emergency
state. Eventually, this work [28] found the fNIRS findings as
biomarkers to predict the real-time state of the emergence due
to sevoflurane-based anesthesia based on the measurement of
the changes in CMR (cerebral metabolic rate), CBF, and CBV
during the emergence.

Fig. 1 fNIRS modality-based
BOLD signal monitoring from
the prefrontal cortex

1169J Digit Imaging (2020) 33:1167–1184



Usage in Alzheimer’s Disease

AD is a neurodegenerative disease that worsens over time. It is
termed as a clinical state of reducing utility in several cogni-
tive areas, like memory, thinking, visuospatial abilities, deci-
sion, executive function, praxis, and language. fNIRS may be
used for detecting disease-specific variations in the brain
whichever can be of therapeutic measure or diagnostic
parameters.

In the study of Hock et al., 38 individuals (as a guideline of
the National Institute of Neurological and Communicative
Disorders and Stroke criteria, 19 stable elderly people and
19 patients with a likely moderate AD [29]) were examined.
This work claimed that in the case of the healthy participants,
there occurred a rise in HbO2 and HbT concentration and a

small decline in dHb concentration. On the other hand, most
patients with AD exhibited a drop in HbO2 and HbT concen-
tration throughout the verbal fluency test (VFT) which is a
psychological test in which participants produce as many
words as possible from a category in a given time. This oc-
currence is more prominent in the parietal cortex than in the
frontal cortex.

A newer study by Fallgatter et al. [30] studied 10 AD vic-
tims and 10 well participants as control. During VFT, the AD
victims lost mostly the left hemispheric stimulations noticed
in controls. An overall decrease in HbO2 concentration related
to ordinary aging despite the lack of hemispheric asymmetries
indicated by the previous fNIRS studies [31–33]. So, a feasi-
ble characteristic for ADmight be this discovery with a reduc-
tion of asymmetry during VFT. An initial possible study of
fNIRS done by Fladby et al. [34] showed a reduced reaction to
an olfactory stimulus in the temporal cortex in 13 subjects
with mild cognitive impairment (MCI), very mild AD, or sub-
jective memory complaints. According to the route for olfac-
tory stimulus through the entorhinal cortex, the response can
be diminished during the primary phase of AD. As a result, for
the detection of temporal lobe dysfunction in the AD, fNIRS
might be used as a promising method.

fNIRS showed upcoming feasible clinical practice for per-
ceiving the effects of medications like cholinesterase inhibitor.
Multichannel NIRSwas used by Herrmann et al. to explore 16
patients with AD and 16 healthy persons throughout the en-
actment of VFT [35]. They found less increment of HbO2

concentration in the dorsolateral prefrontal cortex in patients
with AD. These outcomes could be useful future applications
related to therapeutic studies, for a prior work showing that the
cholinesterase inhibitor AD patients were categorized by bi-
lateral lower dorsolateral frontal perfusion [36]. This finding
might be helpful to quantify the importance of functional brain

or Planning

BIS Monitoring

or Planning

Fig. 2 Anesthetic monitoring by
the fNIR sensor alone (left
figure). The combination of
fNIRS and BIS system for
anesthetic condition monitoring is
given in the right figure. In the
combination system, only the
upper channels of the fNIRS
system are considered [11]

Fig. 3 The position of the prefrontal cortex that shows the most
significant activation regarding the emergence of consciousness during
the anesthetic period. This area is equivalent to the channel number 11 of
the 16 channel optodes of the fNIRS devices [19]
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activation for the anticipated result of the forthcoming cholin-
esterase inhibitor AD patients.

The study was led by Arai et al. [37] on 32 healthy
controls, 15 patients with the AD, and 15 individuals
spotted with MCI. Based on the activation index compu-
tation and the heft of variations in the HbO2 concentration
in each zone during the activation task, they established
that the activation index was considerably lesser in the
bilateral parietal and frontal areas in the AD group, while
the concentration change of the HbO2 in the MCI group
was meaningfully inferior only in the right parietal area.
This study found that in case of the average value of A-
index (an A-index is a mathematical procedure that con-
stantly calculates the t value from the consecutive groups
with a fixed time interval) of the control group, in the
frontal and bilateral parietal areas, the AD group was sub-
stantially lower while in the parietal right area, the MCI
group had a noticeably lower average A-index value. The
representative outcomes of each group are shown by the
waveforms in Fig. 4. The results of the right parietal data
seemed interesting for the clinical evaluation. If the cutoff
point could be considered as 0.071 for the A-index to
differentiate the AD or MCI patients from the controls
set at an A-Index value of 0.071, the sensitivity for AD
and for MCI was 71% and 40%, respectively, along with
94% specificity. Therefore, fNIRS has a future perspec-
tive to be an initial screening device for AD patients in
the community health care system.

Zeller et al. inspected the visuospatial deficits between
13 subjects with an assumed mild AD applying the
Benton line orientation task [38]. The Benton line orien-
tation task is a broadly practiced neuropsychological test
gauging visuospatial judgment. Fascinatingly, they dis-
covered no variance in task performance between pa-
tients and controls. However, fNIRS revealed activation
deficiency in the parietal lobe in patients with AD. This
suggests that fNIRS could feasibly be a quick AD detec-
tion technique.

Application in Schizophrenia

Schizophrenia is a condition that is categorized by positive
and negative symptoms and cognitive dysfunction with endur-
ing social deficits. An assessment was done byWatanabe et al.
in cerebral hemoglobin oxygen saturation in the left frontal
area with 62 schizophrenia patients and 31 healthy subjects in
the course of a VFT and letter-number span test (LN) mea-
sured by fNIRS [39]. Also, previous studies suggest that ac-
tivities of the frontopolar prefrontal cortex in recurrent schizo-
phrenia and their resultant biomarkers are linked to their op-
erations. Watanabe and Kato identified that HbO2 and dHb
variations were reduced in LFT between healthy controls and
schizophrenia patients. This study also demonstrated im-
proved activities and related HbO2 improvements relative to
studies in patients given medication with traditional antipsy-
chotic drugs. The corresponding changes in HbO2 concentra-
tion due to VFT and LN for the control state are given in Fig.
5. The patients with schizophrenia revealed a minor peak in
HbO2 concentration and a decrease in dHb concentration dur-
ing VFT than controls. Alternatively, change in the concen-
tration of HbO2 is increased during LN analogous to controls,
but the relative concentration of dHb is decreased slightly
from controls in schizophrenia patients. The contrast among
patients who receive atypical antipsychotics and those receiv-
ing standard antipsychotics in the variations in HbO2 and dHb
concentration between VFT and LN is also reported by this
analysis. This further research revealed that during VFT and
LN test, patients treated with atypical antipsychotics exhibited
a greater rise in HbO2 concentration and a comparable reduc-
tion in dHb concentration compared with that patient were
medicated with typical antipsychotics. The corresponding re-
sults are given in Fig. 6. This outcome proposes that typical
antipsychotics may weaken task reaction and brain activity.

Furthermore, we get that somemore works [40–42] utilized
fNIRS to measure non-invasive hemodynamic response on
the surface of the scalp for schizophrenia as well as depres-
sion. As previous fNIRS investigations have represented that

Fig. 5 This figure represents the tasks (VFT and LN) and averaged
change in [HbO2] and [dHb]

Fig. 4 The overall average changes in the concentration of HbO2 of
different groups during the verbal fluency test in the right parietal area
of the brain. This figure is redrawn from the information found in [37]
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patients with schizophrenia have reduced activity and
distinguishing signal patterns in the prefrontal cortex through-
out the LN of the VFT, and part of these results have been
permitted as one of the Advanced Medical Technologies as a
support for the differential diagnosis of depressive symptoms
by the Ministry of Health, Labor, and Welfare of Japan in
2009 [43–45] between victims with bipolar disorder [45,
46], major depressive illness [42, 45–50], and schizophrenia
[45, 50, 51]. Such approval is prominent in the field of
psychiatry.

In [47], the authors considered the panic disordered and
major depressive disordered patients for their functional
change in HbX during word fluency tasks (WFT). They found
that there were no significant differences in performances
(results are given in Fig. 7) between the three groups (panic
disorder group, major depressive disorder group, and healthy

controls). To produce as many words as possible from an
initial syllable of /a/, /ka/, or /sa/, participants were advised.
In addition, every 20 s during the 60-s task, the three original
syllables switched. As a task performance indicator, the right
number of words produced during WFT has been evaluated.

From the functional change in HbX, this work found that
the concentration of HbO2 was increased during WFT in the
bilateral frontal areas in subjects with panic disorder and was
diminished in the case of healthy control subjects. The corre-
sponding functional brain images are given in Fig. 8. This
kind of panic disorder hypofrontality is similar to results from
some earlier works [10, 11, 14]. The panic and key anxiety
condition classes display significant bilateral hypofrontality
variations and the likelihood of laterality discrepancies. The
left medial inferior frontal lobe can be deemed the most im-
portant functional area of the group.

In another study, the results of a schizophrenic brain func-
tion during LFT have been confirmed by the Quaresuma et al.,
although no major improvements have been observed in the
visual-spatial working memory task [52]. Ikezawa et al.
showed major hemoglobin improvement on PFC through
the usage of two-channel fNIRS in Tower of Hanoi (TOH),
LFT, CFT, Sternberg’s, and Stroop’s task and found that brain
functions were substantially different in schizophrenia and
stable control patients during LFT and TOH [53].

fNIRS in Addiction Treatment

Increasing knowledge of the role of the prefrontal cortex on
addiction indicates that the modality of fNIRS neuroimaging
is a promising technique to predict recurrence [54–57].
fNIRS provides a different neuroimaging modality which is
safe, patient-friendly, and affordable. The fNIRS could be
easily employed in a bar setting, in the clinical office, for
delivering an objective measure of predictive or analytic
efficacy.

In a study, Bunce et al. [58] used fNIRS to assess the
hypothesis made by Wilson et al. [59], i.e., that continuing
alcoholic subjects without any intent to avoid drunkenness
will indicate a rise in activation signal for 90–180-day care
patients and casual drinkers in the dorsolateral prefrontal cor-
tex (DLPFC)/orbitofrontal cortex (OFC). Researchers also
measured the reactions of the participants to natural incentive
stimuli, which projected a decreased reaction to incentives
between active drinkers relative to rehab patients and social
drinkers. Four adult alcoholics pursuing no counselling (one
female), six alcoholics still in recovery (two females), and four
responsible recreational drinkers (two females) have been re-
corded totalling 14 right-handed non-smokers in three classes.
A cued response task was requested from participants. The
findings revealed that active drinkers have seen a rise in alco-
hol activation across the right middle/inferior frontal gyrus

Fig. 7 The number of appropriate answers for panic disorder, major
depressive disorder, and stable controls on the Word Fluency Test
(WFT) during fNIRS

Fig. 6 This figure represents the tasks (VFT and LN) and related
averaged change in the concentration of HbO2 and dHb of the patients
who were medicated by atypical antipsychotics and compared with the
control group
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which was anticipated compared with casual drinkers and re-
covery participants.

Bunce et al. obtained similar findings in patients undergo-
ing opiate dependency using fNIRS imaging. In the initial
study [60], patients who recently undergone opiate detoxifi-
cation have been found to have decreased activity in the right
lateral prefrontal cortex compared with patients under inten-
sive residential monitoring between 60 and 90 days.

Such experiments have provided clear evidence that fNIRS
can provide an unbiased index of preference for repetition.
Clinicians should use fNIRS in order to improve better care
utilizing an unbiased biomarker and to offer effective diagno-
sis by customized medicine.

Dyslexic Patient Identification

Dyslexia is a common learning difficulty that can cause read-
ing, writing, and spelling. People with dyslexia find it hard to
recognize the different sounds that complete words and relate
these to letters. It is a disorder present at birth and cannot be
prevented or cured. This research work [61] shows that read-
ing is a complex task and a complex neural network is in-
volved in different brain regions.

The dual-route model (DRM) of reading is a proposal for
describing the processing of reading. According to the model,
the information processing pathway has two routes. One is the
orthographic route which is more active in finding semantic
context, identifying the appropriate spoken representation of a
word, and identifying the whole pattern representing the writ-
ten word. The other one is the phonological route which is
activated during combining the grapheme with the phoneme
and providing a phonological representation of the written
word [62]. However, one of the root causes of dyslexia was
the latter route [63].

Lexical decision task (LDT) is a method for investigating
the DRM [61, 64, 65]. In 2014, three reading classes, 12-year-
old children, young adult dyslexic readers, and young adult
typical readers, were studied for the comparative left frontal
lobe activation during the LDT depending on the Shatila’s 1-
min test. All participants were right-handed, regular, or
corrected-to-average vision with both eyes and natural hearing
tested. Neither individual reported persistent medication

usage. The children displayed less activity under the word
rule, and the dyslexic readers reported less activity even rela-
tive to normal readers under the pseudo-word scheme. All
typical children and young adults were classified as typical
readers for reading, and the standard Hebrew reading test
was used by all young dyslexic readers. [66]. Although it is
more difficult for unpointed Hebrew scripts to decode com-
pared with pointed scripts [67], the decoding complexity of a
single word, such as LDT, may not be high.

The results provide evidence that fNIRS can be used for
upper left frontal lobe involvement in LDT through the DRM
and the phonological deficit theory of dyslexia can be
examined.

Contributions of fNIRS in ADHD Study

Attention-deficit/hyperactivity disorder is a neurological dis-
order that can be present from childhood. But, ADHD may
pick up from adolescence and adulthood. It is a disorder that
makes it difficult for a person to concentrate on and impulsive
behavior control. Some warning signs for ADHD are inatten-
tion, impulsivity, non-stop talking, hyperactivity, etc.

Though there is no cure for ADHD yet, current ADHD
treatments may help lower symptoms and improve impulsive
functioning. Some treatments include medication, education
or training, therapy, or a combination of treatments. Currently,
neurofeedback is frequently used in the treatment of attention-
deficit/hyperactivity disorder (ADHD) which is a trouble-
some and frequent disorder that strikes adults approximately
2.5–5% globally [68, 69]. NF is a comparatively new evolving
technique for behavioral therapy. In this protocol, patients
learn to control their specific brain activity with the help of
different feedbacks such as visual, audio, or combined with
real continuous-time monitoring.

fNIRS is used to feedback blood-oxygenation level-depen-
dent response which reveals the cortical activation latent to the
brain region in a new NF protocol for ADHD [70–72]. fNIRS
provides some ideal precedence in NF for ADHD patients
such as low sensitivity to motion artifacts, easy and fast setup,
portable, has a good spatial and temporal resolution as well as
it measures cortical hemodynamic response [73–75], though

Fig. 8 Significance diagram of the category of panic disorders (right panel) and themajor depressive disorders (left panel) comparedwith stable controls.
The color bars on the right display gradient colors as a measure of significance
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functional connectivity is not clear in successful trials and
failed trials in neurofeedback protocol yet [76, 77].

In a recent study by Hudak et al. [78], no significant chang-
es were found between trials and the rest in functional con-
nectivity analysis but differences were found in success and
failure. But, the researchers claimed that they cannot confirm
without a healthy control group in their study. They analyzed
six different ROIs: the bilateral dorsolateral prefrontal cortex
(dlPFC), bilateral inferior frontal gyrus (IFG), and bilateral
parietal area. They also suggested that functional
connectivity-based neurofeedback designs would be a great
path to mark ADHD. Multimodal neuroimaging can be a fa-
vorable approach to investigate electrophysiological and neu-
rological parameters that also aid fNIRS. Dolu et al. [79] con-
ducted a study on 18 children with ADHD and 18 gender-
matched healthy controls to see the effects of methylphenidate
in ADHD. The focus was on oxy-Hb signals and the ROI was
right PFC as it is a potential biomarker in the effects of meth-
ylphenidate for ADHD [80, 81]. The ROI of the possibly most
activated region has been registered on the brain MRI image
in Fig. 9. It was shown in the work [79] that fNIRS/EEG-
based modality is clinically advantageous for the treatment
effects of methylphenidate in children with ADHD.

Stroke Rehabilitation

Functional electrical stimulation (FES), which employs an
electrical signal to stimulate motor neurons in particular mus-
cle tissue, is one technique for rehabilitation [82]. FES should
be implemented throughout self-regulated brain activation, to
activate neuroplastic reorganization and to start learning con-
trol of the affected limbs. An optical BCI may be used to
monitor the brain condition. fNIRS was used for examining

the correlations of real imagery of movement. fNIRS-BCI for
controlling FES and evaluating the brain function of healthy
participants while self-regulated FES feedback and passive
FES are being built. The optode setup has been selected to
include a primary motor cortex in the frontal lobe that controls
the upper extremity and the premotor cortex. The research
study carried out by 10 healthy subjects allowed them either
to visualize their right hand extending fingers or relaxation.
The time series analysis of oxygenated and deoxygenated he-
moglobin demonstrated a variation in brain activity in the
motor imagery when participants checked the FES compared
with passively induced ones. This research demonstrates that
FES alongside fNIRS could be used as a method for
neuroplastic re-organization and motor therapy in a BCI envi-
ronment for stroke victims.

In particular, the evaluation of vasomotor reactivity in oc-
clusive carotid artery disease was endorsed by fNIRS as a
substitute or supplementary technique. The findings suggest
that the sensitivity is similar and/or less than adequate to im-
plement the methodology widely in this field [83, 84].
However, in all phases of the cerebrovascular disorder, the
mixture of transcranial Doppler (TCD) and fNIRS has been
reported. The growing use of fNIRS imaging devices that
provides chapped topographical data might support a cumu-
lative flow-velocity assessment in large vessels (TCD) and the
fNIRS index. The delineation of tissue is far beyond the scope
of the technique in significant parts of cortical and subcortical
tissue. Continuous monitoring of cerebrovascular variables
could be considered the most promising ground for fNIRS
in clinical neurology mostly during the under-acute stage after
diagnosis and initial treatment. A systemic decline in arterial,
ABP, and partial oxygen saturation reveals that the cerebral
oxygen decrease as monitored by the fNIRS has continuously
been observed overnight in nine patients with an anterior sub-
acute cerebral artery stroke [85]. A scarcity of the specification
of the fNIRS variables and the physiological assumptions un-
derlying these results is the viability of long-term assessment
of the main flaw. The effects of sleep-related respiratory dis-
orders in underlying stroke patients were evaluated in another
study [86]. Two frontal samples have been used to minimize
extra-cranial contamination in a multi-distance method. In 11
subjects, successful overnight recordings were taken in an-
swer to obstructive apneas with profound cerebral deoxygen-
ation. In 24 subjects with variable-level stenosis cases, fNIRS
measured relative oxygen saturation for bilateral front areas
and middle cerebral arteries (MCAs) [87]. The most important
area, for the clinical neurologist, might be the surveillance of
sub-acute stroke and cerebrovascular disorders in the over-
view. The methods could easily be incorporated into the sur-
veillance and therapeutic context that an increasing number of
individuals in specific stroke units can expect.

fNIRS is used to identify vivid prefrontal regions of the
diseased brain functionally. Significant trends in response

Fig. 9 Themost affected ROI on the prefrontal cortex due to the effects of
methylphenidate during the auditory oddball paradigm test by the ADHD
children
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patterns are being reported in patients who have an ischemic
stroke and variable degrees of carotid artery stenosis [88, 89].
Revascularization has also been shown to normalize the re-
sponse [90]. Although these findings indicate that the reactiv-
ity of the vascular system has largely improved, another study
illustrates the dynamic relationship between a transformed
neurovascular connection and pathologic brain function. A
significant difference may also result in changes in cortico-
subcortical loops in cortical oxygen consumption. This was
shown in Parkinson’s disease patients who received deep
brain stimulation (DBS) and serious tremor (n = 1) [91, 92].
Specific reaction patterns based on the location for the stimu-
lus were observed by oxygenation of the front lobe (bilateral
probes). While the clinical setting pertinence can be minimal,
detecting functional cortical alterations in this population in-
duced by DBS may be a valuable use of fNIRS.

fNIRS can be used to resolve changes in neurovascular
connectivity in the suffering brain and the cycles of brain
activity during recovery. A transformed cortical activation
pattern with improved premotor recruitment was shown in
the post-stroke rehabilitation field [93]. Also, the lateralization
level of the fNIRS reaction in the premotor cortex was
changed for a 2-month rehabilitation [94]. In mild and severe-
ly paretic stroke patients’ therapeutic interventions had been
researched trying to make gait is one of the most highly
researched areas of fNIRS neurorehabilitation [95, 96]. The
fNIRS could also be delicate to more cognitive locomotive
aspects [97]. In the reiteration of the studies previously cov-
ering [98, 99], it is suggested that the fNIRS will include two
specific features of functional reorientation. One, adding spe-
cific prefrontal regions for activities that do not necessitate
intense executive regulation of balanced tests, and another
one is a brain lateralization map for tasks like motor and lan-
guage arbitrarily. The creation of neurofeedback devices and
brain-computer (BCI) interfaces is another area that has the
potential for neurorehabilitation. Neurofeedback fNIRS or the
usage of fNIRS as another way to identify brain activity trends
has been used frequently in recent approaches [100, 101].
Current methods have portability, the key to truly exploit the
functionality of fNIRS. Many organizations have developed
wearable devices, such as strategies for simultaneous EEG
acquisition, successfully [102, 103]. So, the feasibility of the
preciseness of fNIRS could be much higher in stroke
rehabilitation.

Autism

Visual facial processing weaknesses of individuals with au-
tism spectrum disorder (ASD) may be caused by unusual
brain structure and operation. Studies evaluating the asymmet-
ric function of the brain among ASD people suggested that the
lateralization of facial processing in neuro-typical (NT) indi-
viduals is less likely to be lateralized in ASD. The researchers

initially tried this hypothesis using fNIRS by evaluating trends
of lateralized cognitive function in facial treatment areas of the
homologous temporal-occipital while observing the face of an
ASD and NT group. As anticipated, as opposed to the NT
participants, the ASD group demonstrated reduced human-
side right hemisphere asymmetry. Judging by recent cognitive
findings that robots can make it more possible for ASD to
interact with human counterparts, researchers have also mon-
itored responses to faces of robots to establish whether these
stimulation trends were lateralized in each group. All groups
demonstrated identical asymmetry trends for robotic faces in
the exploratory study. The study suggests that human faces in
ASD have lowered asymmetry as well as provide an initial
basis for future tests on how the clinically useful use of con-
clusively different social stimuli in these populations can be
[104].

Autism is a neurodevelopmental illness with symptoms of
behavior and different structural and operational brain dam-
age. Earlier neuroimaging experiments investigated the dis-
parities in brain function among people with and without
ASD. Researchers have managed to research the variations
between people on the autism spectrum in specific brain char-
acteristics. Their primary purpose was to investigate the vari-
ations in the growth of the functional network capability and
rates of autistic behavior, and also the connection within func-
tional network capability and age, in young children with
ASD. A recent study involved 46 children with ASD and
assessed their parents’ autistic behaviors. The network perfor-
mance was found from the HbO2-, dHb-, and HbT-based
functional networks. The analysis revealed that in young kids
with autism in the dHb- and HbT-based networks, network
effectiveness decreased with age, and in the HbO2-based net-
work children with a comparatively high level of autistic ac-
tions. Findings indicate that independent brain development
differs in young ASD children, offering insights into autism
psychopathology [105].

Initially, by implementing fNIRS, cognitive development
researchers could have a better insight into brain functionality
and organization, particularly once they are fully conscious or
hyperactive, in babies and young people. New research on
fNIRS usefulness in new-born populations has shown, how-
ever, that fNIRS is indeed an effective solution in the research
of infants who may be more probable to have an older sibling
and to evolve ASD than new-borns without the family back-
ground of developmental disorders and also have a large like-
lihood of developing ASD [106–110]. Based on important
physiological information given by infants, initial symptoms
of ASD brain structural and functional characteristics may be
clarified in studies of infants [111, 112]. Second, fNIRS has
shown its suitability for the analysis of ASD [113, 114]. It is
difficult to engage in an fMRI trial for those with a chronic
condition as some of the participants cannot regulate the hy-
perkinetic activity or tolerate the confined space and the high
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noise. The significantly larger visible room and the soothing
ring of fNIRS enable patients to encounter more natural con-
ditions throughout experiments compared with the restricted,
claustrophobic room used in fMRI studies. The fNIRS is also
decent for examining the linguistic perspective that is crucial
to sufficient interpersonal interactions and frequently deterio-
rated in ASD due to lower noise. Nevertheless, this should be
remembered that by utilizing fNIRS, there are still some draw-
backs. Yet together, fNIRS is a successful method to investi-
gate ASD neurodevelopment from an early phase and over-
looks its pitfalls in work on brain functions for individuals
with ASD [115, 116].

Depression

In major depressive disorder (MDD), decreased oxygenation
shifts in the prefrontal cortex were documented during cogni-
tive tasks. Nonetheless, in individuals with MDD, prefrontal
asymmetry was somewhat commonly investigated throughout
mental exercises and their connection to suicidal thoughts.
Researchers examined prefrontal asymmetry and its moderat-
ing effect in patients with MDD during mental performance
between depression severity and the suicidal thoughts [117].
Forty-two patients with MDD and 64 healthy controls (HCs)
were evaluated with fNIRS verbal fluency task (VFT), stop-
task, and two-back task for alterations in HbO2 and dHb. The
self-report questionnaires evaluated depression, anxiety, as
well as suicide thoughts. For MDD patients, comparatively
lower-left HbO2 shifts were reported contrary to HCs during
VFT but not during strop or two-back activities. Moreover,
the impact on suicide idea of depressive magnitude during
VFT has been mitigated by prefrontal asymmetry and is asso-
ciated substantially and strongly with suicide ideations in
MDD patients. More left HbO2 shifts have been linked with
higher ideation to suicide. The results demonstrate that pre-
frontal asymmetry, fNIRS-measured, is a possible biomarker
for MDD and suicidal risk management in MDD patients.

Usually, patients with MDD have an omnipresent de-
pressed mood or anhedonia, along with many cognitive and
physical conditions. In another research, the random hemody-
namic behavior of the PFC was examined by fNIRS where 21
MDD patients took part in an 8-min rest state measurement
[118]. Their findings found that patients with MDD exhibited
substantially reducing interhemispheric association with PFC
and impaired cortical organizations with PFC, by the study of
the interhemispheric association and the PFC correlation
charts. This research indicates that the neurological symptoms
of depression can be tested accurately and comfortably.

Depressed people often experience psychologically passive
facial gestures. It remains uncertain what is neurobiologically
dependent on this impact. In consideration of the emotional
and neutral facial expressions with the assistance of fNIRS,
researchers analyzed the variations in PFC activity in stressed

individuals vs. healthy controls (HC). The task of emotional
intensity ratings in experiment 1, 33 depressed people, and 20
HC assessed the intensity of face facial reactions. Experiment
2 performed a separate group of subjects (18 persons distress-
ed and 16 HC) during their PFC activation. Both studies have
shown stressed people to perceive optimistic, but not joyful
and anxious facial emotional signals more gradually and less
specifically. Experiment 2 demonstrated a decreased perfor-
mance of supportive facial emotions with a lower right stim-
ulation of PFC in anxious persons, but not HC. In relation, the
right PFC stimulation for the recognition of joyful facial ex-
pressions is lower contrary to HC for depressed people. For
anxious people, the perception of sympathetic facial gestures
is compromised. Higher PFC stimulation during neutral facial
development coincides with greater disability. The perception
of positive facial gestures is equivalent to unhappy people and
HC, but retired patients have slightly fewer correct PFC stim-
ulation. These results altogether indicate that deviant process-
ing of the correct PFC might influence the capacities of de-
pressed individuals to differentiate in rational and emotional
stimuli in the context [119].

Emotional phrases that inspire left cortex activity in de-
pressed patients have been discovered from earlier studies.
This result was replicated primarily through a data received
and the brain region linked with the levels of depression was
evaluated using an emotional stop task. The fNIRS records
HbO2 and dHb of 14 patients with MDD and 22 normal con-
trols in the brain. In the left frontal cortex, the sensitivity of
hyperactivated HbO2 to undesirable conditions was detected;
yet, there was no distinction between patients with distress and
safe sensitivity controls. This outcome is consistent with pre-
vious findings. There was a negative correlation with depres-
sion intensity between an evoked pulse correlated with the left
upper frontal cortex and desirable stimuli. Their current fNIRS
work offers a possible indication of the position of the symp-
toms of depression throughout the top left front. Future re-
search will test and expand existing results to an effective
etiology of depression [120].

The central neuroimaging predictor for unipolar (UNI) and
bipolar (BI) disorder is modified pre-frontal brain function, for
example, hypofrontality, through executive activities like
work memory. In a memory task that includes different mech-
anisms and materials with fNIRS over the pre-front cortex,
researchers examined first-line UNI (n = 16) and BI (n = 14)
patients. The variations to HbO2 and dHb, relative to patient
populations, in stable controls (n = 15), display an improve-
ment in ventrolateral, dorsolateral prefrontal, and superior
frontal cortex function similar to the conditions to regulation
for artifacts and the spatial visual cognitive function. By com-
parison, in both functioning memory settings, all patient types
displayed decreased brain function. The findings demonstrat-
ed unspecific deficiencies and could not differentiate between
unipolar and bipolar disorder, based on processing memory
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mechanisms or elements. fNIRS can, therefore, be considered
a legitimate instrument for measuring prefrontal cortex func-
tions that is simple to use, low cost, and fast [121].

Epilepsy

The diagnosis and treatment of epilepsy are clinical, as they
normally are not observed by the healthcare professionals in
the history of chronic seizures [122]. fNIRS research analyzed
(i) cortical oxygenation problems during the seizing phase, (ii)
concentration localization, and (iii) whether functional imag-
ing would help to delineate the functionally vivid brain areas
in advance of surgery. In fNIRS studies, the oxygenation re-
activity to epileptic activity had been researched most fre-
quently. Recent studies revealed that complicated partial sei-
zures cause significant increases in HbT in the frontal lobe
[123], but deoxygenation over the frontal lobe ipsilateral to
the target has been documented in two subjects with temporal
lobe epilepsy, and in three specific patients including the ba-
by, separate peri-ictal findings have been recorded [124].

An electroconvulsive therapy (ECT) study also supports the
motif of deoxygenation in reaction to generalized epileptic ac-
tivity. ECT is being used in pharmacologically resistant depres-
sion and was investigated with fNIRS as a framework for wide-
spread human seizures [125]. fNIRS and TCDwere followed in
90 subjects induced seizures. Oxygenation decreased, and the
number of cytochrome-oxidase decreased, whereas TCD dem-
onstrated an increase in the flow rate as an effect of the electro-
cution. The development of fNIRS imaging devices, in partic-
ular, has turned epileptic focusing into yet another excellently
studied implementation. The concurrent use of fNIRS and in-
tracranial EEG was used to evaluate 29 patients with pharma-
cologically refractory epilepsy [126]. The affected hemisphere
as described by intracranial EEG was recognized by fNIRS in
28; yet, only 20 patients were shown to have proper lateraliza-
tion. Concurrent scalp-EEG and fNIRS studies were carried out
in a variety of patients with non-lesional drug-resistant frontal
lobe epilepsy, the subject of which had been identified by sep-
arate intracranial recordings [127]. fNIRS has illustrated a seg-
ment of subclinical ictal action, missed by scalp-EEG scanning.
fNIRS also indicated that stimulation should be expanded rap-
idly in opposite areas of the hemisphere.

Fluctuations in oxygenation will model general epileptic
outflow in subcortical and cortical areas [128]. New research
identified oxygenation reductions of up to 15 min before sei-
zure start around the frontal lobe [129] in patients with tem-
poral lobe epilepsy. Such improvements have been made to
the supposed target ipsilaterally. The pathophysiological basis
of such a substantial time delay remains unclear as to the
application of a 2-channel fNIRS system, which selectively
samples an area away from the suspected focus. Even so, the
research highlights the durable monitoring possibility of
fNIRS and the possibility of detecting anticipatory seizure

signals. The previous research comparing written word pro-
duction with a drawing activity for motor stimulation demon-
strates that 11 healthy subjects were managed to be reliable
lateralization. In six patients who received an assessment of
the presurgical lateralization, a test based on the unilateral
angiographic use of the fast anesthetic amobarbital was corre-
lated with the Wada test [130]. The results were repeated in a
later analysis utilizing the same role in eight participants, but
the association between Wada and fNIRS had been decreased
in 16 patients [131].

The strong connection between the fNIRS assessment and
both theWada test and fMRI test results was seen in 8 patients
and 3 control subjects utilizing orally verbal fluency (control:
nonsense-syllable repetition). This could be an excellent
added measure of language prevalence and an alternate meth-
od in patients without Wada, PET, or fMRI imaging [132,
133]. Besides, an equally non-invasive TCD evaluation is
viable [134]. An amazing case study on a 10-year-old student
initially evaluated oxygenation responses to seizure and then
tested language lateralization in a later word generation task
[135], highlighting that perhaps the fNIRS might be used in
various facets of the disorder assessment. Yet, another signif-
icant problem would be how to evaluate continuous fNIRS
information when distinct unexpected events are to be found.
A notable article evaluating various techniques using simulat-
ed data and examine data on one patient was used explicitly
resolved to this question [136]. Signal-to-noise ratio (SNR) is,
of instance, an important determinant of the identification sus-
ceptibility. The question if the alterations in migraine activity
correlate to the underlying photosensitive epilepsy has also
been contentiously discussing [137].

Migraine

The effect of migraines mostly on the vascular systems had
been shown [138]. Migraine’s latter pathophysiological trait
reflects the rare illness of the migraine stroke [139] and the
controversial increased risk of migraine stroke [140].
Research conducted in fNIRS has highlighted (i)
vasoreactivity alteration, (ii) vascular reaction to cortical de-
pression (CSD), and (iii) certain therapeutic or vascular pre-
vention facets of patients with migraine. A relaxation proce-
dure has been tested for six people undergoing with migraine
with aura [141] that is one of the very first trials of vasomotor
reactions. Such patients displayed a common trend of the ini-
tial decline and a steep increase in dHb over around 20 s of
respiration. Similarly, another study demonstrates an oxygen-
ation attenuation of 30 migraine patients with an aura contrast
to age-matched controls, using breath-holding as more of a
vasoreactivity test [142]. The fNIRS-TCD configuration al-
lows the cerebral vascular reaction alterations to be assigned
to a better degree, but no chronic hemodynamic shifts control
was employed. Twelve patients with migraine without aura
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have confirmed a far more remarkable result concerning
lateralized alterations in vasoreactivity [143]. Throughout
the right hemisphere, a tiny increment in HbT preferentially
demonstrates a head-down rotating operation compared with
age-related controls within those patients.

Important earlier studies with fNIRS in a rat model ex-
plored the vascular reaction and observational key changes
of CSD [144]. Because auras have a very short period (~ 30
min), the study of natural auras in humans is not easy, but
fNIRS is quite well suited for providing further evidence on
this extremely fascinating scientific phenomenon. The study
on 8 random auras patients explains a decline in fNIRS oxy-
genation in tissue and a decline in the TCD flow rate [145].
Such results concur with the non-ischemic character of CSD
and their hemisphere lateralization contrary to the syndromes
endorses the cerebral origins of the fNIRS findings. In a very
large cohort (n = 88) of fNIRS patients, a patent foramen ovale
(PFO) has been tested [146]. When contrasting the fNIRS
protocol with a normal comparison strengthened TCD meth-
od, the result reveals a rather high diagnostic reliability (84%).

Another recent study explicitly focuses on patients at risk of a
stroke. In contrast to age-balanced monitoring, ten patients were
tested interictally and displayed a longer period interval between
electrocardiogram R-wave and the NIRS signal [147]. One
small-scale fNIRS article discusses oxygenation alterationsmost-
ly during a migraine attack in reaction to relieving pain. Four
symptomatic participants undergo subcutaneously sumatriptan
and four controls received saline sham injection [148]. The re-
searchers reported a concurrent reduction in HbO2, measured by
fNIRS and skin blood circulation, measured by Doppler
flowmetry in patients who received sumatriptan migraines. As
fNIRS and skin blood flow changes have been strongly correlat-
ed, both techniques could quite reinforce radical changes in he-
modynamic parameters than specifically in the brain.

The concept of a modified neurovascular reaction and pro-
phylactic actions in migraineurs were integrated into an inter-
esting experiment. Based on a predetermined protocol for vi-
sually stimulated treatment [149], 20 patients were subjected
to diverse visual stimuli. The vascular reaction was compara-
ble but with variations in period (mainstream of HbO2), in
contrast to age-based controls. In much the same population,
a second study utilized color lenses independently adjusted to
reduce the visual discomfort of migraines. The use of such
lenses has caused the patient group to normalize its reaction.
The research demonstrates how well the preventive effects of
fNIRS concerning fundamental pathophysiology might well
be measured outside clear clinical aims.

Limitations of This Modality

Oddly, the flexibility of the technique can be yet another rea-
son for this evident difference. This ranges from the straightest

measurement of oxygenated, deoxygenated, and total hemo-
globin, to the less accurate cytochrome oxidase redox changes
[150], to many notations that give oxygenation measures in-
cluding regional saturation of oxygen and tissue oxygenation
[151, 152]. The plenty of variables may be scientifically valu-
able, but significantly reduces consistency between study
groups and is therefore not best suited for clinical use. The
fact which half of the brain cortex may be questioned in
grown-ups at best impedes the incorporation of fNIRS in clin-
ical neurology. Mesial, insular, and even cortex cannot be
attained in deep sulci and every subcortical or infratentorial
area of the brain. The application and critical assessment of the
brain throughout cardiac or carotid artery surgery seem to be
most sophisticated in the case of brain monitoring [153–156].
Within this field, fNIRS systems concentrated primarily on
the entire approach to correlate in cerebral oxygenation with
any postoperative neurological impairment in a relatively
small region of the cerebral cortex. Conversely, the treatment
of neurological differing disease causing the central nervous
system (CNS) normally seeks to evaluate a somewhat limited
lesion or dysfunction detection, which can then distinguish
among underlying illness. Evidentially, fNIRS may only ex-
amine the brain surface and thus the crucial first phase until
the immediate operation cannot accurately distinguish be-
tween ischemia and hemorrhage. However, it can provide
appropriate additional data to evaluate the altered vascular
reaction trends in the proximity of the disordered brain tissue
and provide a better understanding of the durable reorganiza-
tion of DBS in fNIRS, which does not provide adequate spa-
tial resolution for succinct preoperative modeling of cortical
functions. The use of fNIRS may even be restricted in the
“hyper-acute” diagnostic phase.

Conclusions

The study has found from the current literatures so far that the
fNIRS modality contributes some significant applications in
clinical aspects. One thing should be noted that fNIRS does
not contribute directly for diagnosis; rather, it is an assistive
device that reads the functional activities of the brain and
indirectly informs abnormality of the brain functionality. For
example, in clinical practices, the neurosurgeons or neurolo-
gists utilize the feature of this modality in anesthetic depth
monitoring to be confirmed that the patient is in a deep sedat-
ing state. In some other mentioned applications like
Alzheimer’s, schizophrenia, dyslexia, addiction, ADHD, epi-
lepsy, depression, etc., fNIRS are used as a predictive modal-
ity that discriminates the functional activity of the hemody-
namics with some behavioral test. Since the researches on
fNIRS-based study have started the journey a few years ago,
different forms of new clinical applications with strong valid-
ity of fNIRS-based study are surely coming shortly.
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