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Abstract. Over its 30 years of existence, functional near-infrared spectroscopy (fNIRS) has
matured into a highly versatile tool to study brain function in infants and young children.
Its advantages, amongst others, include its ease of application and portability, the option to com-
bine it with electrophysiology, and its relatively good tolerance to movement. As shown by the
impressive body of fNIRS literature in the field of cognitive developmental neuroscience, the
method’s strengths become even more relevant for (very) young individuals who suffer from
neurological, behavioral, and/or cognitive impairment. Although a number of studies have been
conducted with a clinical perspective, fNIRS cannot yet be considered as a truly clinical tool. The
first step has been taken in this direction by studies exploring options in populations with well-
defined clinical profiles. To foster further progress, here, we review several of these clinical
approaches to identify the challenges and perspectives of fNIRS in the field of developmental
disorders. We first outline the contributions of fNIRS in selected areas of pediatric clinical
research: epilepsy, communicative and language disorders, and attention-deficit/hyperactivity
disorder. We provide a scoping review as a framework to allow the highlighting of specific and
general challenges of using fNIRS in pediatric research. We also discuss potential solutions and
perspectives on the broader use of fNIRS in the clinical setting. This may be of use to future
research, targeting clinical applications of fNIRS in children and adolescents. © The Authors.
Published by SPIE under a Creative Commons Attribution 4.0 International License. Distribution or
reproduction of this work in whole or in part requires full attribution of the original publication,
including its DOI. [DOI: 10.1117/1.NPh.10.2.023517]
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1 Introduction

The potential of near-infrared spectroscopy (NIRS) to noninvasively assess oxygenation
changes in the cerebral cortex was initially considered to be of primarily clinical relevance.
Undoubtedly a “pulse oximeter” to monitor the brain’s well-being would be a valuable tool in
intensive neuro-care situations that include the monitoring of sick infants and children. Early
work showed some success.1–3 However, the establishment of a true clinical application in
adults is still debated,4,5 whereas, notably, the largest potential thus far is in critical care set-
tings for infants and neonates.6,7 In parallel to the clinical perspective, there has been growing
interest in NIRS in the functional imaging community. The advent of new techniques, espe-
cially functional magnetic resonance imaging (fMRI) and positron emission tomography
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(PET), which rely on the focal hemodynamic response to localize hubs of large-scale func-
tional networks, has spurred the use of NIRS as an alternative neuroimaging tool. This meth-
odology has been used in nearly every field of cognitive neuroscience and the ever-increasing
number of publications based on “functional” near-infrared spectroscopy (fNIRS) has estab-
lished fNIRS as an easy-to-use, comparatively inexpensive, noninvasive alternative option to
investigate the functional architecture of the cerebral cortex. This is particularly true for “spe-
cial populations,” which may not be easily examined in the highly constraining fMRI/PET
environments. The impressive body of work on fNIRS in clinical cognitive developmental
neuroscience in infants and children illustrates that, in addition to global measurements of
the brain’s well-being, focal activation patterns could be used to understand the pathophysi-
ology of a number of disorders in this age group. Ideally, indicators of imminent deterioration
or precursors of later developmental challenges could warrant intervention to minimize per-
sistent impairment.

Indeed, fNIRS has been used to study multiple clinical populations with various conditions
and neurodevelopmental disorders, mostly to better understand the neuropathophysiology of the
disease. fNIRS studies have provided important findings to the research and clinical commun-
ities. Regardless of the pathology studied, it is essential to consider cerebral dysfunction/function
in both their neuronal and vascular dimensions. This is readily provided by fNIRS, which offers
relatively good temporal and spatial resolution and can be easily combined at the bedside with
other modalities, such as electroencephalography (EEG). However, to date, few studies have led
to advances in diagnosis or intervention strategies for pediatric conditions and neurodevelop-
mental disorders. This can be explained by various methodological limitations and challenges
of fNIRS.

In this perspective paper, we outline the contributions of fNIRS in several selected topics of
pediatric clinical research. We do not provide a full systematic review of the topics, nor do we
intend to cover the full spectrum of conditions in infants, children, and adolescents. Instead,
in each section, we first provide a scoping review of the state of fNIRS research and clinical
applications. We then highlight certain specific challenges associated with the clinical condition
and briefly discuss perspectives for fNIRS in the field.

We start with fNIRS research in epilepsy (Sec. 2), which is linked to the hypersynchro-
nization of neuronal populations expressed either as interictal spikes or seizures that affect
nearby and distant neuronal and vascular networks. Epileptic syndromes in infants and chil-
dren are partially shaped by the maturational trajectory of subcortical and cortical tissues and
their connections. The first part focuses on the neurovascular unit. This expresses our view that
(pathological) changes in the interaction between the neuronal and vascular compartments in
the developing brain can be considered to be of supreme importance in understanding the
pathology and intervening accordingly. In the subsequent two sections, we focus on two key
cognitive capacities that start to develop very early in life. The common challenge is that the
effect of pathologically altered development may only become behaviorally relevant later in
life. This is why early multimodal assessment is of paramount relevance. We then discuss the
fNIRS literature on language and communication disorders (Sec. 3). Due to the large number
of papers on the effect of cochlear implants on hearing and the perception of spoken language,
these are included here. Although language is not restricted to the auditory modality, early
linguistic development is strongly driven by auditory input. This is addressed in the reviewed
papers. In the following section, we review the fNIRS literature on attention-deficit/hyperac-
tivity disorder (ADHD, Sec. 4), which is thought to be caused by the dysfunction of integrative
neural networks. In addition to the intrinsic differences of the underlying pathophysiologies,
the choice of these three topics was also motivated by the fact that they target different
age groups. The neurovascular assessment of epilepsy can be considered to be particularly
important in prematurely born neonates and infants. Although starting at birth, the develop-
mental impairment of language—the most important tool for communication and social par-
ticipation—typically becomes apparent around the age of 2 or 3 years, whereas ADHD is
rarely diagnosed before the child enters school or even later. In the last sections of this article,
we briefly discuss the overall challenges and limitations, as well as potential perspectives, of
using fNIRS in pediatric research and clinical settings.
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1.1 Methodology and Searching Strategy in PubMed

We established a search strategy and include summary tables (see Tables S1–S3 in the
Supplementary Materials) to provide a global idea of the state of fNIRS research on the three
selected topics. To cover different approaches of NIRS, we used the following search terms for
the methodology: [(near infrared) or (NIRS) or (optical imaging) or (diffuse optical tomography)
or (EROS) or (fast optical signal)]. this was linked to the search terms for the targeted pediatric
population [(neonates) or (infants) or (children) or (adolescents)]. these terms were linked to the
search terms for each clinical condition (as specified in fig. 1 and in each section): (methodology)
and (population) and (clinical condition). The search strategy and selection process for the three
sections are illustrated in Fig. 1.

2 fNIRS and Epilepsy in Pediatric Populations

Epilepsy is one of the most frequently occurring childhood neurological diseases. It presents as
the activation of a pathological neuronal network caused by an imbalance between excitatory and
inhibitory influences, essentially resulting in pathological endogenous hypersynchronization.
Such hypersynchronization constitutes the dysfunctional basis for the emergence of seizures
and interictal epileptic spikes. The extensive endogenous temporal and spatial recruitment of
neural networks induces a well-characterized hemodynamic response revealed by functional
MRI8 and a metabolic response demonstrated using clinical single-photon emission computed
tomography (SPECT; ictal and interictal) and PET (interictal). Nevertheless, these hemodynamic
and metabolic imaging techniques are difficult to implement in pediatric populations and lack
temporal resolution. NIRS, coupled with electroencephalography (EEG)/electrocorticography
(ECoG), offers a feasible approach for children, with good temporal resolution of vascular
dynamics. This allows monitoring of the modifications of the energy environment that surround

Methodology
(Near infrared) or (NIRS) or
(optical imaging) or (diffuse

optical tomography) or (EROS)
or (fast optical signal)

(Epilepsy) or (interictal) or
(epilepetic spikes) or

(spasm) or (seizure) or
(refractory epilepsy)

(Attention deficit
disorder) or (attention

deficit) or (ADD) or (ADHD)
(Speech language

impairment) or (stutter)
or (dyslexia) or

(dysgraphia) or (reading
difficulties) or (speech

impairment) or (hearing
impairment) or (deafness)

or (cochlear implant) or
(sign language)

(Children) or (infants) or
(neonates) or (adolescents)

Epilepsy Language and
communication

12933
And

And

ADHD

Exclusion by title/ abstract

203

39 40 52

167 151

Population

Fig. 1 Flowchart illustrating the selection of articles in the scoping review process. Search terms
for the methodology and population (n ¼ 12; 933 hits) were combined with search terms for the
three pediatric conditions. The abstracts/titles were then scanned to exclude false and/or redun-
dant hits. The remaining studies formed the basis for review, Secs. 2–4. They are listed in Tables
S1–S3 in the Supplementary Materials.
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both the interictal spikes and the various types of seizures. It provides a better understanding of
the pathophysiological mechanisms and may improve the management of epileptic children,
particularly in situations of refractory epilepsy that require surgery. In this section, we will
successively approach the work carried out to date using EEG/ECoG-NIRS to study interictal
spikes and seizures and to identify the language eloquent zones in the presurgical assessment of
drug-resistant epilepsy in children.

2.1 What has been Studied?

The PubMed review search yielded 175 hits. The search terms for this section were “epilepsy”
or “interictal” or “epileptic spikes” or “spasm” or “seizure” or “refractory epilepsy.” After
screening the abstracts to remove false and or redundant hits, 39 articles remained. Half were
published before 2013. All articles are listed in Table S1 in the Supplementary Material. They
can be grouped into three classes: (1) NIRS and interictal manifestations (epileptic spikes and
epileptic discharges), (2) NIRS and epileptic seizures, and (3) NIRS and the lateralization/
localization of language function in potential surgical candidates with refractory epilepsy.
In the next sections, we will present an overview of the main results extracted from these
papers.

2.1.1 Interictal spikes

The studies can be separated into two groups. One group of studies investigated the pathophy-
siological mechanisms related to the emergence of epileptic spikes. Both fast optical signals
(e.g., fast optical signals or “FOS”9) and oxygenation-based fNIRS (i.e., assessing changes
in Hb-chromophores) were used, FOS for its excellent temporal resolution, making it possible
to target the neuronal components, and fNIRS for its relatively good temporal resolution,
allowing analysis of the hemodynamic changes surrounding the epileptic spikes. The fNIRS
studies highlighted an increase in HbO and a decrease in HbR within the 10 s following the
epileptic spikes,10,11 irrespective of whether the epileptic spikes were temporo-mesial (n ¼ 3)
or neocortical (n ¼ 16). Hemodynamic changes preceding the epileptic spikes by a few
seconds11 were also observed, confirming in children what had been described in animals12–14

and humans using fMRI.8 Hemodynamic changes were also recorded at distant sites from the
epileptogenic zone, as observed with fMRI, confirming the involvement of a neuronal network
rather than a single hub causing the hemodynamic changes associated with epileptic spikes,
regardless of the type of epilepsy or species.11 In some cases, the observed hemodynamic
diffusion was accompanied by changes in neuronal synchronization distant from the epileptic
focus, resulting in dysfunction secondary to the occurrence of the epileptic spikes (e.g., cognitive
dysfunction in benign epilepsy with centrotemporal spikes, BECTS). Similarly, changes in scat-
tering related to changes in membrane configuration were observed when measuring FOS at
epileptic spikes. This work suggests that changes in the extracellular space precede the emer-
gence of the spikes by 500 ms.15 Such modifications of the extracellular space support the idea of
a modification of the availability of neurotransmitters around epileptic spikes. Overall, because
of their excellent/good temporal resolution, FOS and fNIRS have demonstrated that the epileptic
spike is not an isolated element but rather an element in an energetic context and a particular
extracellular environment.

The other group of publications comprises methodological studies targeting better
detection of epileptic spikes in the NIRS signal. Initially, hemodynamic changes related to
epileptic spikes were analyzed either by simple averaging or by using a GLM transfer function,
as used in fMRI studies. The main problem is that the fNIRS response is highly variable
due to the epileptic spikes, in particular, when the hemodynamic changes occurring prior
to the emergence of the spike are considered.13 Considering the nonlinearity of the hemo-
dynamic response function (HRF) in children and adults with refractory epilepsy by applying
a deconvolution method specific for each patient (Volterra methods with gamma functions)
improves the sensitivity of the detection of hemodynamic changes related to the epileptic
spikes.10,16,17
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2.1.2 Seizures

Seizures are classified according to the International League Against Epilepsy (ILAE).

Neonatal seizures. Neonatal seizures, like any other type of seizure, are paroxysmal,
repetitive, and stereotypical events. They are usually clinically subtle, inconspicuous, and diffi-
cult to distinguish from the normal behavior of the interictal periods or physiological phenom-
ena. In full-term neonates suffering from postanoxic encephalopathy, NIRS results consistently
differentiate states in which the EEG tracing is flat, devoid of background activity18 or not.19

In both cases, a decrease in the tissue oxygenation index (TOI) was associated with an increase in
HbO and an initial increase in HbR, followed by a decrease. This hemodynamic response has
been shown to originate from the brain, as it was not found in the signal of short-distance
channels.18 This suggests an initial increase in the metabolic rate of oxygen (CMRO2), with
an increase in O2 consumption during the seizure that is greater than that during physiological
activation. Thus, in such an anoxic situation in full-term neonates, the increase in local blood
flow may not fully compensate for the increase in oxygen consumption.18,19 In neonatal intensive
care units (NICUs), this may aid the evaluation of the adaptation to seizures and contribute to
clinical decision algorithms to identify risk factors of such seizure discharges.

Focal seizures. Focal seizures are those with a focal onset beginning on one side of the
brain. We identified six studies that included nine child participants across them, pooled together
with adults.20–25 Watanabe et al.20 only reported an increase in cerebral blood volume (CBV), in
agreement with the hyperperfusion observed with SPECT, whereas Nguyen et al.23 and
Gallagher et al.22 reported typical neurovascular coupling, with an increase in HbO in parallel
to a decrease in HbR in the initial phase of the seizures. Nguyen et al.23 computed a lateralization
index of the hemodynamic response. This may be useful to better localize the epileptogenic zone
in refractory epilepsy. Although the lateralization index adequately lateralizes the epileptic focus
at the group level, it failed in one out of the three children who participated in the study.
Nevertheless, in the past decade, fNIRS has been increasingly used simultaneously with
EEG and in conjunction with other techniques (e.g., fMRI, SPECT, and PET) to localize the
epileptogenic zone in a presurgical context, and now contributes to clinical surgical decisions
for some patients. Another study24 reported patients (n ¼ 4) with complex partial seizures in
which two patients presented an increase in HbO and HbR for the duration of the seizure of
up to 4 min, whereas no changes were recorded for the two remaining patients.25 This suggests
progressive recruitment of the vascular system as the neuronal network becomes engaged in the
seizure process. This was confirmed by the informative study of Sato et al.,26 who combined
ECoG and simultaneous cortical fNIRS for a child suffering from a brain tumor. The child had
seizures originating in the supplemental motor area. An increase in cerebral blood flow was
reported over the seizure onset zone, starting about 2 s after ECoG seizure onset, around 6 s
before clinical seizure onset, and with rapid hemodynamic propagation to adjacent areas in
agreement with the ECoG propagation. During surgery, such an approach could provide useful
information about the seizure onset zone and seizure propagation at the cortical level.26

Spasms. An epileptic spasm consists of brief (1 to 3 s) events of arm, leg, and head flexion
(arms and legs pull into the body) or extension. Spasms typically occur in clusters, with events
every 5 to 10 s over a 5-to-10-min period. Cortical and subcortical structures are involved in
the mechanisms that trigger epileptic spasms. Spasms in West syndrome patients have been
shown to elicit an increase in CBV associated with an increase in HbO, HbR, and HbT.24

Three different patterns of regional increases in CBV were identified in a series of spasms
(a) repetitive transient Hb increases synchronized with the spasms, (b) a gradual focal increase
associated with fluctuations during a cluster of spasms that were synchronized with each spasm,
and (c) a transient periodic increase that also contained elements resembling a gradual increase.
Evaluating six patients with epileptic spasms of different etiologies,27 a two-phase stereotypical
hemodynamic response was described. The use of short channels to differentiate the impact of
the hemodynamic skin response suggests a truly cerebro-cortico-subcortical origin of the
described pattern. The first phase consisted of an increase in CBV, with an increase in HbO
and HbR, followed by the second phase, characterized by typical neurovascular coupling
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(increase in HbO + decrease in HbR) that increases progressively with the emitter-detector
distance. In one case, the coupling was inverted. In this case, the origin of the seizures was
a metabolic disorder. In yet another case, the neurovascular coupling response was absent,
as expected in anencephaly. Overall, the data suggest that the first increase in CBV is related
to subcortical structures involved in the initiation of spasms.27,28 These results are consistent with
the hypothesis that a number of specific complex processes in subcortical cortical loops are
involved in every single event of a series of spasms.27 Due to the relatively good temporal
resolution of NIRS, this fits well with the existing hypothesis that subcortical primary lesions
can cause epileptic spasms in certain West syndrome patients.

Absence seizures. Absence seizures are characterized by a transient brief loss of
consciousness. They are accompanied by EEGs by a discharge of spikes and waves at 3 Hz
with a rapid onset and offset. In a first report24 that included two patients, one showed no
hemodynamic changes during the seizure, whereas the other showed a decrease in HbO and
an increase in HbR. In a study including 29 children with absence seizures29 and another by
Nourhashemi et al.,30 generalized spike wave discharges (GSWD) were found to be associated
with a change in oxygenation starting 20 s before seizure onset. This was characterized by an
initial decrease in cortical oxygenation followed by a more classical neurovascular response
consisting of an increase in HbO starting 10 s prior to and peaking 5 s after seizure onset, with
subsequent deoxygenation. Moreover, HbO and cerebral blood flow (CBF), monitored by dif-
fuse correlation spectroscopy, negatively correlated with the EEG DC-shift in the frontal region
and positively correlated in posterior regions. This suggests that EEG DC-shifts observed in
absence seizures are associated with changes in HbO and CBF.

Seizure detection. In addition to the characterization of the hemodynamic response to the
hyperactivity of seizures, NIRS could be useful for better detecting seizures in a clinical envi-
ronment during patient monitoring. This idea was investigated by Sirpal et al.,31 who showed that
multimodal neuroimaging, such as EEG-fNIRS, in epileptic patients could enhance seizure
detection in a group of 40 patients, including five teenagers.

2.1.3 Characterization of language eloquent areas and lateralization prior to
epilepsy surgery

Four papers addressed language lateralization during noninvasive presurgical evaluation and
three investigated whether “language eloquent areas” can be detected by intraoperative hemo-
dynamic (fNIRS) and electrophysiological approaches. During the testing of verbal fluency,
receptive language, and/or performance in syllable repetition tasks in six children, fNIRS data
were recorded over Broca’s area using 128 channels matched intracarotid amobarbital test (IAT)
results for all individuals. This suggests that fNIRS has the potential to be a viable noninvasive
alternative to IATand fMRI in the determination of speech lateralization in the presurgical evalu-
ation of children and adults.22,32,33 A case report34 compared fNIRS-EEG and fMRI results for a
child with left temporal epilepsy and demonstrated the importance of coregistration of EEG with
fNIRS to adequately localize language in children with epilepsy. This procedure is now being
routinely used in clinical practice for patients with refractory epilepsy in pediatric hospitals in
Montreal, Canada. Interestingly, the research group also developed a new approach for language
mapping in children using resting state fNIRS connectivity (fcNIRS).35 Comparison of the
fcNIRS approach to task-based fNIRS showed a good concordance between the two approaches
for language lateralization. fcNIRS may be especially well-suited for the assessment of language
lateralization in not fully participative populations, such as young children or patients with
severe language or cognitive impairment. In epileptic patients, ECoG applied simultaneously
with fNIRS has also been used to provide insights into the cortico-cortical networks underlying
language function. Direct cortical stimulation of Broca’s area in three children evoked a well-
localized typical hemodynamic response in Wernicke’s area via cortico-cortical connectivity.
Such an approach developed in the operating room could contribute to neurosurgical decisions
when typical language eloquent areas must be considered for surgery.36,37
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2.2 What are the Challenges?

Investigating epilepsy using simultaneous EEG/ECoG and fNIRS includes the challenges of
multimodal and multidimensional data acquisition and analysis. From a technical point of view,
it is necessary to further develop tools that allow for the simultaneous recording of the two
modalities with complementary spatial (fNIRS) and temporal (EEG) resolution without electri-
cal crosstalk between the two modalities (notably electrical artifacts on EEG arising from NIRS
optodes). This requires the development of medical devices and caps that support both electrodes
and optodes adapted to age and recording conditions, in intensive care for example, with the
capacity of dealing with high-density configurations in both modalities. Although multidimen-
sional (neuronal and vascular) data are challenging, combining EEG/ECoG and fNIRS makes it
possible to address the dysfunction/function of several compartments: neuronal (EEG), vascular
(fNIRS), and intercellular (FOS). fNIRS investigations in the context of epilepsy should always
include a simultaneous EEG or ECoG recording and video monitoring to identify epileptogenic
activity and for off-line artifact rejection (e.g., body movements, sucking, etc.). The challenge
consists of the integration and simultaneous analysis of multidimensional information, which
can be useful for a better understanding of the dynamics of the different sectors in the emergence
of interictal spikes and seizures at the group level. The challenge for clinical applications is to
also supply information at the individual level to improve individual care. This may necessitate
high temporal and spatial resolution for simultaneous EEG/ECoG recordings. Another challenge
is the assessment of neuronal networks that include nonsuperficial hubs. EEG/ECoG and fNIRS
suffer from poor spatial resolution in deep structures, in particular, in children. Therefore,
because epilepsy is a network pathology, the lack of information about dysfunction in deep
structures is an important limitation. In addition, the lack of observed neurovascular coupling
in interictal epileptic spikes (IES) or epileptic seizures may be related to the poor sensitivity of
fNIRS or an insufficiently high density of optodes to extract the hemodynamic information.
Nevertheless, EEG and NIRS provide information from two different compartments, neuronal
and vascular. The relationships between these compartments have been largely debated (see
Ref. 38 in pediatric epilepsy). Changes in neuronal synchronization (hypersynchronization
in epilepsy) do not always imply an increase in metabolism, whereas an increase in the firing
rate of a large population of neurons is likely to modify the energy needs in the region of epileptic
discharge. Finally, the change in HbO within 5 s reflects an average of what occurs at the neuro-
nal level within at least 1 s, knowing that the duration of hypersynchronization of the IES is
∼500 ms, which is flanked by decreases in synchronization.39 The resulting hemodynamic effect
may be negligible.

2.3 What are Potential Perspectives?

The main potential of fNIRS coupled with EEG lies in its ability to monitor the neuronal, vas-
cular, and intercellular compartments. Technically, this requires medical devices that combine
the two modalities at the sensor scale (electroptodes® TM;40). This also implies developing
diffuse optical tomography strategies37 that allow spatial resolution at the surface of the cortex
comparable to that of 3T fMRI when using diffuse optical tomography with a high density of
optodes.37,41 Epilepsy is certainly a pathology linked to the endogenous hypersynchronization of
populations of neurons that are propelled into a pathological spiral. However, this occurs in a
particular hemodynamic and metabolic environment that should be monitored for both interictal
epileptic spikes and seizures. Moreover, while EEG and ECoG only monitor the synchronous
activation of well orientated pyramidal neurons, fNIRS makes it possible to evaluate the vascular
dynamics resulting from neuronal activation of not only pyramidal cells or interneurons but also
of glial cells. This does not only pertain to the activation of hypersynchronous neurons but also
unsynchronized neuronal activation, provided that this is coupled to increased oxygen supply.40

The concordance of information between the different compartments may converge at the indi-
vidual level. For example, neuronal desynchronization and vascular deactivation in BECTS in
the frontal regions could be used to evaluate the impact of epileptic spikes on transient cognitive
deficits. By carefully monitoring such neurophysiological signatures, the impact of therapeutic
management could be observed at a distance from the epileptogenic zone. Moreover, FOS makes
it possible to monitor the dynamics of the extracellular space and therefore the availability of
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neurotransmitters at different levels of pathological neuronal networks. Improving our knowl-
edge about such fine-tuning between different compartments could pave the way for novel thera-
peutic management and the development of new treatments. At the individual level, particularly
in the management of drug-resistant epilepsy in children, this would allow for a better definition
of the epileptogenic zone to be resected, as well as of the eloquent zones that need to be pro-
tected. These measurements can be easily performed repeatedly at the patient’s bedside through
the scalp and in the operating room directly from the cortex. Thus, despite the relatively small
number of publications in the field of childhood epilepsy, fNIRS coupled with EEG is still an
interesting approach that could lead to clinical developments, including high-density strategies
and real-time signal processing tools.

3 Developmental Disorders Affecting Language and Communication

Cognitive development during infancy, childhood, and adolescence strongly depends on social
interaction and communication. This entails that developmental disorders that affect the most
powerful communication tool, language, interfere with typical development. Linguistic and more
general cognitive development strongly interact with each other, and disturbances can occur at
different developmental stages; although basic aspects of linguistic development are already
present at birth,42 full linguistic competence is reached only in late adolescence.43 Moreover,
linguistic development comprises both “automatic” processes (e.g., tuning into the phonetic
inventory of a given language) and the acquisition of skills in the framework of formal instruc-
tion (e.g., literacy [Of note, the research on literacy is biased towards industrialized, monetarily
richer societies. Other social conventions of communication are acquired by instruction, but
these have not yet been the focus of fNIRS-based research.]). More generally, human language
development is believed to emerge from the intimate interaction between nature and nurture.44

Human brains appear to soak up linguistic input from or even prior to birth. In typically devel-
oping infants, the extraction of regularities in the auditory input is one of the foundations for
the development of linguistic competence in close interplay with more general cognitive devel-
opment. In impaired language development, this implies that any condition that affects the per-
ception and/or processing of linguistic input from a very early age will potentially lead to severe
deficits in later language competence.

The options to use fNIRS in this field are diverse. For uncompromised language develop-
ment, an impressive spectrum of linguistic phenomena has been targeted (for reviews45–47).
In this field of developmental neurolinguistics, fNIRS has the advantage of being noninvasive,
low-constraint, and silent compared to fMRI and can be easily combined with EEG. The latter
two advantages should be highlighted in the context of research on language development because
(i) the auditory presentation of language stimuli is necessary for all preliterate participants and
(ii) the long established and broad use of event-related potentials in developmental neurolinguistics
has yielded neurophysiological markers that correlate with developmental milestones.48 Similar to
EEG, the methodology is comparatively well-tolerated by infants and children and can be applied
in a setting close to the natural “habitat” of even very young participants. This is one of the reasons
why the methodology has established its place in developmental neurophysiology.

It stands to reason that the application of fNIRS in developmental disorders should profit
from the cornucopia of developmental neurolinguistic findings published in the past two dec-
ades. However, a number of challenges and limitations must be respected when using this meth-
odology in a clinical context. Of note, in the field of neurolinguistics, FOS to study changes in
optical properties related to changes in the membrane configuration of activated neurons has
been used in research on adults only.49 For infants and children, most studies have used
fNIRS to target the much slower hemodynamic response. Whether or not the hemodynamic
response pattern is different in infants relative to adults has been debated50,51 and has been
recently reviewed, including issues of stimulus design.52

3.1 What has been Studied?

The scoping review search yielded 167 hits. The search terms used in this section were: ((speech
language impairment) or (stutter) or (dyslexia) or (dysgraphia) or (reading difficulties) or (speech
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impairment) or (hearing impairment) or (deafness) or (cochlear implant) or (sign language)).
After screening the abstracts to remove false and or redundant hits, 40 articles remained, which
are listed in Table S2 in the Supplementary Material.

Since auditory input is provided from birth, and even intrauterine auditory signals may shape
precursors of language development,53 severely impaired hearing will strongly affect later
language development. It is thus notable that the largest number of pediatric fNIRS studies have
focused on the effect of cochlear implants (CIs) on hearing and the perception of spoken
language. The first study54 demonstrated the high detectability of a bilateral fNIRS-response
to segments of auditorily presented stories. Although largely a feasibility-study, detection of
an fNIRS response in 82% of normal-hearing children and 100% of hearing adults is a good
starting point to investigate alterations of the fNIRS response in CI-users. Further advantages of
the study’s design for potential clinical use were an undemanding sparse-channel approach and
a state-of-the-art analysis technique allowing for robust detection of cortical activation. Other
studies have confirmed the feasibility of this approach and have addressed cross-modal plasticity
as a factor in success of CI users to adapt to the device. As no physical or artifact-interference
occurs with fNIRS in CI-users, its suitability for the study of this population has been highlighted
in five review papers. However, the only study truly addressing potential clinical relevance is that
of Wang et al.55 Using a longitudinal design with two sessions within 6 months after unilateral
CI-implantation, the study showed no difference between the implant side in terms of the fNIRS
response to linguistic input, but an advantage for left-CI-implantation for the perception of
nonlinguistic material. This is consistent with established models that show that speech com-
prehension depends on bilateral perisylvian cortices.56 The authors concluded that the generally
recommended right-CI-implantation may not be justified if only unilateral CI-implantation is
possible due to limited resources or medical reasons. Such a direct clinical recommendation
is remarkable in the field, as most studies have described activation patterns without a direct
consequence on clinical decisions.

Concerning language perception and comprehension, a number of studies have confirmed the
potential of fNIRS to detect a response in infants with developmental deficits and in prematurely
born children. An impressive example of the use of fNIRS in very early language development is
provided by a study showing that even in children prematurely born three months before term, a
linguistic (phonemes /ba/ versus /ga/) and voice contrast (male versus female) are differentiated
by the premature infant’s brain.57 In an interesting follow-up study, the group was able to show
that the EEG response to the contrast could be elicited in preterm infants who suffered from
an intraventricular hemorrhage, whereas a hemodynamic response was not detected, showing
deviations from typical neurovascular coupling in this pathology.58 This and other studies under-
line the high versatility of fNIRS in research on early language development. However, more
clinically oriented applications targeting later language development are scarce. This is partially
due to the wide range of tasks that have been used, targeting the many facets of emerging lin-
guistic competence. It may be necessary, however, to establish “standard” stimulation procedures
to assess how the individual child’s brain processes language. This may allow for the use of
neurophysiological markers, including fNIRS measurements, in clinical research on the
diagnosis, prognosis, and/or therapy-related changes of (imminent) speech-language impair-
ment. Established and simple linguistic contrasts should be used57 and future research may profit
from findings using event-related potentials (ERPs) to describe milestones in developmental
neurolinguistics.48 A number of authors have highlighted this limitation in the literature reviewed
here. Most prominently, a study assessing the validity of typical baseline conditions for auditory
language tasks used in fMRI and EEG (time-reversed speech, TR, or noise correlated to
the speech signal, SCN) showed that they may not be suited to fNIRS experiments.59 The authors
tested 25 children of ∼9 years of age and compared fNIRS responses to spoken sentences
to responses to TR or nerve conduction velocity. Although a response over auditory areas
was successfully measured in most children, no lateralization or a statistically significant
difference between speech and either of the nonspeech baselines was found. Although other
researchers successfully used these baselines (e.g., for TR60) the study highlights potential lim-
itations when stimulation paradigms from other imaging modalities are transferred to fNIRS
research.
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For speech “production,” several studies have addressed alterations in the cortical activation
pattern in individuals who stutter. During development, 5% to 8% of preschool children develop
such speech dysfluencies, but stuttering persists in only ∼10% of these children. Therefore,
a major challenge in this field is to predict whether a child who stutters will or will not sponta-
neously recover. While most fNIRS studies have described the altered cerebral activation pat-
terns in children who stutter relative to their nonaffected peers, Hosseini et al.61 showed that such
a challenge can also be addressed by studying neurophysiological signals supplied by fNIRS.
Using data from a previous study,62 the group developed a classifier that detected children who
stutter in 87% of cases when based on fNIRS data. The classifier was trained on the data of
46 children, including children who stutter, children who showed no speech disfluencies, and
a group of children who had recovered from stuttering. Eighteen channels covering the bilateral
superior temporal and inferior frontal areas were used for all children. Of interest in the context
of the current paper, application of the classifier to children who recovered from stuttering clas-
sified them as “no-stutter.” Although this may simply reflect a state difference at the time of
the fNIRS measurement, it is a first promising step toward applying such a classifier to children
who stutter and correlating it with a later outcome (recovery versus persistence of stuttering).

A small number of studies have addressed “dyslexia.” Although one of the most common
developmental disturbances, the published papers using fNIRS are methodologically weak (see
Table S2 in the Supplementary Material for details of the studies). For example, one study selec-
tively measured oxygenation changes over a left prefrontal area to claim that the differential
oxygenation response in dyslexic children relative to a control group indicates deficient working
memory.63 Working memory depends on a large network and changes in the fNIRS response
cannot be a surrogate marker for the assessment of such a basic cognitive function. Similarly, the
claim that the difference in oxygenation response “causes” the working memory deficit is not
justified. Studies targeting network functions, such as working memory, need to measure more
than one of the “cortical hubs” and should be very careful to not confuse correlational and causal
relationships when interpreting the data.

In summary, fNIRS has been successfully used to demonstrate its applicability in various
developmental disorders/disturbances of language and communication disorders. Recent studies
mostly targeting feasibility and/or questions concerning the underlying pathophysiology have
attempted to explore the prognostic options of fNIRS measurements in children with CIs and
those who stutter. In the next section, we will highlight the respective challenges for such
applications.

3.2 What are the Challenges?

Targeting diagnostic or prognostic functional imaging markers of the developing brain is like
walking on shifting sand. This is true for the assessment of all cognitive functions and clinical
populations, including children with language and communication disorders and those with
attentional disorders, as discussed in the following section on ADHD (Sec. 4). Due to the con-
stitutive high plasticity in this age range, a specific contrast may only be indicative of later devel-
opment within a very narrow age window. Similarly, the concept of “critical periods” during
language and cognitive development assumes that infants may easily acquire specific skills
in a specific age window and will have great difficulties to do so at later stages of development.
Concerning language, an impressive, albeit debated, example is the “vocabulary spurt”64,65 refer-
ring to the exponential growth of the word knowledge of children starting at around 20 months of
age. Although such “windows” may exist, it is also important to acknowledge the large interin-
dividual variance. In summary, longitudinal assessment may be necessary. The ERP literature has
demonstrated that electrophysiological “milestones” of language development can be defined.48

One of the challenges of using fNIRS to study language and communication is the movement
artifacts induced when the child is performing an expressive language task. The choice of
method for the identification and correction (or rejection) of movement artifacts is important
and may differ between the type of artifact and populations. Careful signal inspection is, there-
fore, important and necessary.

A study also investigating speech perception highlighted the caveat concerning the use
of fNIRS without adequate control for extracerebral signal contribution (see Ref. 66 for
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a demonstration of the stimulus-locked autonomic response in adults). In this study,67 the
changes in heartbeat were extracted from recordings of a 44-channel fNIRS monitor of infants
)3 to 12 months of age) with a high (n ¼ 40) versus low risk (n ¼ 48) of having autism spectrum

disorder (ASD). The results showed group differences between baseline heart rates. More impor-
tantly, the heart rate response to stimulation (three-syllabic pseudowords) also differed between
the two groups. This finding may be valuable for research on the physiological differences
between high- versus low-ASD-risk children. However, it also highlights that systemic hemo-
dynamic parameters can be stimulation-correlated and need to be corrected when functional
cerebral activation is targeted.

3.3 What are the Potential Perspectives?

In terms of developmental disorders that affect language and communication, fNIRS may have
the potential to improve prognostic evaluation. A “diagnostic” function, in the sense of providing
a measurement to decide whether a disorder is present, appears to be currently unrealistic. It
should be noted that this pertains to all functional imaging tools, as behavioral measurements
in the form of standardized and psychometrically validated tests must be considered as the gold
standard. (In other words: a child would not be considered dyslexic if his/her brain shows
an abnormal activation pattern but rather if a test for reading/writing shows results outside the
normative range). For the development of language and communication, even behavioral screen-
ing may be underused,68 especially for adolescents, making the more demanding assessment by
functional imaging an unrealistic goal in a broader population. Therefore, a realistic target for
future research is to use fNIRS in concert with other assessment tools to eventually sharpen the
diagnostic criteria and prognosis for “at-risk” populations. For example, such predictive validity
of ERPs has been shown for dyslexia.69,70 The diagram in Fig. 2 illustrates potentially fruitful
designs that combine standardized assessment at an early age and correlating the results with
later development.

In summary, the establishment of new clinically reliable tools for individual diagnosis/
prognosis is very rare. However, fNIRS may have the potential to contribute to group-wise pre-
dictions concerning the development or persistence of developmental deficits affecting language
and communication. One great advantage of this methodology, especially in developmental
language research, is the ease with which it can be combined with EEG and the fact that “natural”
environments can be assessed. The option of simultaneously scanning multiple participants
(hyper-scanning)71 may also be of interest to capture abnormalities in communication and social
interaction. Aside from the conditions discussed in this section, this also applies to the following

Fig. 2 Potential design for supporting the prediction of the occurrence (e.g., dyslexia) or persist-
ence (e.g., stuttering) of a neurodevelopmental disability, clinical diagnosis (e.g., ADHD), or
a response to a pharmaceutical treatment. fNIRS measurements could be a component of a
multimodal assessment strategy associated with (later) clinical-behavioral testing to diagnose
the condition. Longitudinal assessment is mandatory for such an approach.
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section on ADHD. This option has not yet been used in a clinical setting. Fascinating as it is, the
challenge lies in the potential increase in variability between participants. To explore the clinical
perspectives, however, large-scale studies ideally using similar paradigms for different languages
and a correlation with later outcome appear to be the most promising avenues. Recent studies
have documented the first steps in this direction for those who use CIs and the question of
whether developmental stuttering will persist or resolve in later life.

4 Attention-Deficit/Hyperactivity Disorder (ADHD)

ADHD is one of the most common developmental disorders, affecting ∼5% of children.72 It is
associated with a heavy societal and economic burden due to its high prevalence, its long-term
functional consequences, and the frequent occurrence of psychiatric and developmental co-
morbidities that affect clinical outcomes. ADHD is characterized by persistent symptoms of
inattention and/or hyperactivity-impulsivity that interfere with social, academic, or occupational
functioning and/or development. Symptoms appear before the age of 12 years, are present in at
least two settings (e.g., at home, school, or in social contexts), and cannot be explained by
another condition, such as anxiety or intellectual disability.73

In the past 10 years, an increasing number of ADHD studies have used fNIRS. Similar to the
use of fNIRS in developmental language research, the popularity of fNIRS in ADHD research
stems from the comparatively low experimental constraints when applied to this population. Due
to the intrinsic nature of the pathology, some children are unable to lie down and remain motion-
less in a cramped space, such as in an fMRI scanner. Furthermore, children with ADHD are at
high risk of presenting with an additional neurodevelopmental disorder (e.g., ASD, dysphasia,
anxiety, conduct disorder). Having the child seated comfortably in a chair or on his/her parent’s
lap and allowing direct contact with the experimenter and the parents are major advantages
in behaviorally and cognitively challenged pediatric populations for acquiring good-quality
brain data.

4.1 What has been Studied?

The scoping review search yielded 151 entries. The search terms used in this section were:
[(attention deficit disorder) OR (attention deficit) OR (ADD) OR (ADHD)]. All titles and
abstracts were scanned and false and or redundant hits were removed. Fifty-two original articles
remained and were reviewed in detail. For a summary of the main information related to these
articles, please refer to Table S3 in the Supplementary Material. Among the 52 fNIRS papers on
ADHD and children/adolescents, almost half (24/52) used fNIRS to better understand the path-
ophysiology of the disorder, only seven (7/52) used fNIRS for the screening or diagnosis of
ADHD, and 21 used fNIRS to assess the impact or efficacy of an intervention, mostly pharma-
ceutical treatments. The main findings and global conclusions revealed by this body of literature
are reported below.

4.1.1 Pathophysiology of ADHD

Twenty-four fNIRS studies (20 in the last decade) have addressed the pathophysiology of
ADHD. Among the 24 studies, 21 included fNIRS data recorded while participants were per-
forming a cognitive task, most often a working memory task (e.g., n-back task) or an inhibitory
control task (e.g., Go/no-Go task or Stroop task) and the analyses targeted the hemodynamic
response to brain activation (HbO or HbO/HbR concentration changes). In these 21 articles, the
head coverage was relatively limited and typically targeted the prefrontal/frontal cortices and/or
temporal areas. Overall, the qualitative analyses of these studies revealed consistent hypoactivity
in the right lateral prefrontal cortex for all tasks. This finding is consistent with those of previous
fMRI studies on brain responses during attention and executive tasks in children with ADHD
(e.g., Refs. 74 and 75). The three remaining publications (3/24) reported data acquired using a
greater coverage of the head and applying functional connectivity analyses. First, Sutoko et al.76

included task-based dynamic functional connectivity analyses for 21 school-aged children with
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ADHD and 21 age-matched typically developing children who completed a Go/no-Go task
during fNIRS recording (16 sources and 14 detectors). The authors identified four connectivity
states during the temporal course of the task. Children with ADHD tended to show less occur-
rence of the dominant connectivity state than typically developing individuals. Conversely, the
two connectivity states that were less frequent in controls were more prevalent in the ADHD
group. These results suggest atypical dynamic network recruitment to accommodate task
demands in children with ADHD, providing a new perspective to explain the neuropathophysi-
ology of this disorder. The two other papers, published by the same team, investigated the integ-
rity of functional brain networks at rest using 80 fNIRS channels (24 sources and 28 detectors).
They used graph theoretical analyses77 and multiscale entropy78 to characterize six functional
brain networks. Hu et al. found less variability in brain signals in several cerebral functional
networks (e.g., the default mode, frontoparietal, attention, and visual networks) in 42 children
with ADHD than in 41 healthy controls. This finding is consistent with a decrease in both func-
tional connectivity and the efficiency of global networks reported previously by Wang et al. for
30 children with ADHD and 30 typically developing children using graph theory. Interestingly,
the results from both studies correlated with ADHD scores or task performance indices, sug-
gesting that such an approach could be useful to identify brain markers of symptomatology.
Notably, the studies demonstrate the versatility and feasibility of using resting-state functional
brain connectivity analyses in children with ADHD.

4.1.2 Screening for or diagnosis of ADHD

The seven studies targeting screening or diagnosis of ADHD, all published in the past decade,
included school-aged children and used machine learning algorithms.76,79–84 In 2020, Yasumura
et al.82 published a multicenter study that included six healthcare facilities. They aimed to iden-
tify valid and objective markers of ADHD diagnosis using support vector machine algorithms.
They included changes in HbO concentration during a reverse Stroop task and task performance
in their age model on 170 children with ADHD and 145 typically developing controls and
found an overall discrimination rate of 86.35%. As another interesting example, Sutoko et al.76

explored the efficacy of task-based cerebral activation features compared to task-based connec-
tivity markers for ADHD screening using machine learning classification analyses in 36 children
with ADHD and 23 typically developing children performing a visual oddball task. They showed
the connectivity-based biomarker to perform better than the activation-based biomarker
(88% versus 76% classification accuracy, respectively). Overall, these studies showed that the
most discriminative brain areas for ADHD classification are the prefrontal, frontal, and temporal
regions.80,81 These studies also documented relatively good diagnostic accuracy of over 80%
(between 81% and 88%), suggesting that fNIRS could eventually contribute to improve diag-
nostic accuracy in ADHD based on machine learning approaches.

4.1.3 Impact or efficacy of an intervention

Similar to studies on its potential clinical relevance, 21 studies used fNIRS to assess the impact
or efficacy of an intervention. Most of these interventional studies (14/21) aimed to characterize
the impact of a pharmaceutical treatment (methylphenidate or atomoxetine) on brain activity or
cerebral organization using fNIRS and on ADHD symptomatology using questionnaires and
behavioral measurements. Most studies reported an improvement or normalization of prefrontal
hemodynamic activity associated with the treatment with a number of differences between
medications85 and the genotype status of patients.86,87 However, many of the studies recorded
brain responses from only the frontal or prefrontal areas, raising questions about the specificity
of these results to the prefrontal areas.

Interestingly, four articles (4/21) aimed to identify fNIRS markers predictive of the clinical
response to medication in children with ADHD. In 2021, Grazioli et al.88 used clustering analy-
ses, including bilateral prefrontal and frontal HbO concentration changes, during an emotional
continuous performance task, along with clinical and neuropsychological data, to characterize
different types of responses to methylphenidate in 24 children with ADHD and 25 typically
developing children. Their model identified distinct clusters (responses to medication),
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suggesting that such a model could eventually help to predict how a patient will respond to
a pharmaceutical treatment. However, larger coverage (not only including the prefrontal and
frontal areas) would again be more informative.

Finally, three publications targeted the utility of fNIRS-neurofeedback as a new method for
treating ADHD. In a nonrandomized parallel-group study, Wu et al.89 compared the efficacy of
fNIRS-neurofeedback to that of atomoxetine in children with ADHD. Eighteen children with
ADHD aged between 8 and 12 years completed a 6-week fNIRS-neurofeedback intervention
(12 sessions) and 31 age-matched children with ADHD received oral atomoxetine treatment.
The results showed an improvement in behavioral parameters and clinical symptoms following
fNIRS-neurofeedback and better efficacy of fNIRS-neurofeedback than atomoxetine treatment
during and after the interventions. Although this study highlights a potential role and advantages
of fNIRS-neurofeedback to treat ADHD, these results need to be replicated using a crossover,
randomized protocol on a larger sample.

4.2 What are the Challenges?

There are several challenges and limitations associated with fNIRS research in ADHD. First,
there is large heterogeneity between studies in terms of diagnostic criteria and the inclusion
or exclusion of comorbidities. The diagnostic criteria for ADHD and its subtypes (i.e., inatten-
tive, hyperactive/impulsive, combined) were most often not mentioned, and some studies
included children with comorbidities (e.g., ASD), whereas others excluded them. This makes
it difficult to compare the results between studies. In most publications, the sample sizes were
relatively small, probably due to recruitment issues and the difficulty of acquiring good quality
data from children with ADHD. These limitations preclude researchers from controlling for
important sociodemographic and clinical variables and from drawing strong and generalizable
conclusions. Although many studies made the effort to match groups for sex and age, most
studies with nonmatching groups did not control for it in the analyses, leading to bias and even
invalid interpretations in some cases. Furthermore, there have been no fNIRS studies on the
effect of sex, age, or gender in children or adolescents with ADHD, which would be of interest
in clinical care.

An important methodological limitation in most ADHD publications (but not limited to this
clinical entity) is the highly limited scalp coverage. Most studies used probes placed only over
the bilateral frontal areas, although some also included additional coverage of the temporal and/
or parietal regions. Although the established impact of ADHD on executive functioning may
justify focusing on the frontal/prefrontal areas, such narrow coverage precludes researchers from
taking a large-scale network approach to study the spatial specificity underlying the pathophysi-
ology of this disorder. This may be of particular relevance when targeting the effect of medi-
cation on brain hemodynamics for drugs that affect larger brain networks rather than only frontal
brain regions, which was not brought to light in these articles. The underlying brain network of
ADHD also probably involves deep cortical and subcortical structures that cannot be detected
using fNIRS due to the shallow penetration of light, highlighting a general limitation of
the technique in the investigation of pathological mechanisms, especially when they involve
large-scale networks that support cognitive functioning.

4.3 What are Potential Perspectives?

Despite the above-mentioned limitations, we believe that the current fNIRS literature on ADHD
offers several promising avenues for the development of approaches with a potential clinical
impact. Using machine learning algorithms, fNIRS data combined with behavioral, clinical, and
socio-demographic data offers relatively good diagnostic accuracy for ADHD (over 80%).
fNIRS will surely not replace clinicians and behavioral testing for diagnosing ADHD, but it
could eventually contribute by providing a computer-aided diagnostic tool to clinicians. This
will be especially relevant in cases in which the clinical presentation is not typical or clear
or in contributing to better defining the type of ADHD. Similar to its application in develop-
mental disorders that affecting language and communication (see Sec. 3), the prediction of later
development and the prognosis may be a prime target for fNIRS, ideally in concert with other
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neurophysiological and behavioral measurements (see Fig. 1). In terms of limitations, this liter-
ature is still young and the small cohort sizes included in most of the studies clearly call for an
fNIRS database that includes typically and atypically developing children to build normative
developmental fNIRS data. Another facet of the literature suggests that fNIRS may provide pre-
dictive markers for patients who will have a good response to medications, leading to a person-
alized medicine approach that could eventually be implemented in clinical practice. Not least,
fNIRS-neurofeedback has been suggested as a promising nonpharmaceutical tool for the treat-
ment of ADHD. However, only a nonrandomized parallel-group study and a pilot study have
been published thus far. More evidence is still needed before considering offering fNIRS-neuro-
feedback in the clinical setting.

5 General Challenges and Perspectives of fNIRS in Pediatric
Populations

The focused reviews of three conditions in infants, children, and young adolescents draw a
mixed picture of the clinical use of fNIRS in pediatric populations. Although certain studies
have exploited the strengths of the methodology, a number of studies have, at best, simply dem-
onstrated the feasibility of certain approaches. Unfortunately, there is also a large number of
studies in which the instrumentation, montage, and paradigms may have been inadequate for
the question addressed. Harsh as this may sound, clinical applications ultimately require a pro-
cedure that aids diagnostic, prognostic, or interventional decisions. This implies that the result
for an individual must be classified as either pathological or not. Standardized and operation-
alized statistical properties of a large reference group are generally required to reliably classify
individual results. This has not been demonstrated by any of the reviewed studies. It should be
noted, however, that the establishment of new methodologies for clinical use is extremely rare.
Even for very broadly applied functional techniques, such as fMRI and ERP, approaches those
aid clinical decisions are the exception. Therefore, the first step will be to target methodological
and method-inherent limitations. These challenges and potential solutions, largely independent
of the participants’ age, have been highlighted.90 Moreover, guidelines for best practices in
fNIRS studies have been recently published91 and should be applied when designing any
fNIRS study. Therefore, the community of fNIRS researchers can profit from a solid framework
in which fruitful research may be expected in the near future. As clinical studies require large
cohorts and normative data on neurotypical controls, a very promising step would be the estab-
lishment of repositories for data acquired in laboratories from around the world. Such an under-
taking calls for simple and robust stimulation paradigms, ideally available to the world-wide
fNIRS community. If the repository data are analyzed using modern classifier techniques, each
case added will enhance the precision of classification. Such scenarios have been proposed for
very common neurological diseases (e.g., Ref. 92), but might also serve the establishment of
fNIRS for clinical use in the field of pediatrics.

We will not reiterate all the challenges and limitations of the previous sections. However, we
would like to highlight a number of general challenges concerning the application of fNIRS.
These include (i) the diversity of instrumentation used, (ii) the variability of coverage of brain
areas, (iii) the variability of analysis strategies (including the issue of what combination of Hb
parameters is used), (iv) the lack of a reference montage (e.g., 10 to 20 system provided for
EEG), (v) the notorious issue of extra-cerebral signal contribution, (vi) the inherent limitation
of fNIRS in spatial resolution (including the nonaccessibility of deep brain structures), and
(vii) the still unsolved problem of hair (often restraining recordings to the frontal and prefrontal
areas). Finally, an important challenge we have highlighted already is (viii) the choice of the
stimulation used. Simplicity is highly advisable. This can be illustrated by an example from
the field of language research, in which a paradigm addressing the detection and habituation
to (non) adjacent dependencies in typically developing neonates was used.93 The study showed
that newborns are sensitive to basic linguistic structure. Using an artificial grammar paradigm,
the response to ABB syllable strings was larger than that to ABC strings, suggesting very early
sensitivity to structure in linguistic input. Notably, in a study on high- versus low-ASD-risk
children, the expected differential response to this stimulus was not found. However, this was
partially due to the fact that the basic contrast (ABB- versus ABC syllable triplets) did not
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replicate in the control group.94 Although exploiting the full spectrum of (subtle) contrasts in
neurodevelopmental research, in general, is of undoubted value, clinically oriented studies
may be advised to use paradigms that have been used by several groups in typically developing
children, with ideally rather large effect sizes. The very subtle difference shown in the original
publication on neurotypical neonates93 may not be ideal to differentiate between clinical groups.

In summary, most of the challenges and sources of heterogeneity between studies are not
restricted to the developmental and clinical literature. However, they constitute major obstacles
to drawing conclusions and the development of tools that can then be translated and used in a
clinical framework.

In addition, rather than allowing for individual or even subtype classification, fNIRS provides
a better understanding of the temporal and spatial mechanisms involved in different pathologies.
At the group level, the extraction or even identification of new hemodynamic neurobiomarkers
for certain pathologies is possible. It must be kept in mind that methodologies such as fNIRS and
fMRI are based on the activation of vascular networks. This response modality is secondary to
neuronal activation and shows a delay of some 5 s. Thus, the neuronal processes that trigger the
vascular response are considerably faster. However, the dynamics of the adaptation of the vas-
cular system to neuronal activation may be specific to certain pathologies, in particular those of
vascular origin. Therefore, alterations in neurovascular coupling may indeed be a promising
target to better elucidate the mechanisms of certain pathologies.

6 Conclusions

Although the use of fNIRS in the clinical pediatric setting is currently very limited (mostly used
as part of the presurgical workup of refractory epilepsy), the current literature offers several
highly promising clinical avenues. The strong advantages of fNIRS relative to fMRI are its low
constraints and portability. This makes it possible to provide information about the re/activity of
the brain in a relatively natural environment. Such flexibility allows the design of new protocols
that could be suitable for multimodal analysis that easily includes EEG, for example. Multimodal
neuroimaging, such as fNIRS-EEG, and interdisciplinary assessments, including, for example,
fNIRS, along with behavioral and clinical data, virtual reality, eye-tracking measurements, etc.,
embedded in a machine learning approach, could offer highly rich datasets to better understand
a given neuropathophysiology or develop clinical tools for refining diagnoses and offering
personalized intervention strategies. fNIRS hyperscanning is also developing rapidly and will
certainly offer clinical possibilities for improving screening, diagnosis, and interventions in neu-
rodevelopmental disorders or clinical conditions associated with social dysfunction (e.g., ASD,
communication disorders, traumatic brain injury). For this approach, the benefit of multimodal
imaging is also of potential interest, at least to evaluate the EEG background activity of the
pediatric population during the fNIRS recording. Given the numerous advantages of using fNIRS
in children and behaviorally and cognitively challenged individuals and rapid developments in
computational neuroscience and fNIRS methodology, pediatric clinical research teams will cer-
tainly pursue their work developing clinical tools, which will eventually make their way to the
clinic. Ideally, a shared data repository from groups worldwide may improve the problem of small
cohort sizes, especially when well-defined and homogeneous clinical populations are targeted.

Disclosure

The authors have no conflicts of interest to declare.

Acknowledgments

All three authors actively and equally contributed to the preparation of this manuscript. We
would like to thank Anna-Gabriela Ramirez and Justine Mathieu for their help with completing
and formatting the Supplemental Materials. This work was funded by a Canada Research Chair
(950-232651) and a Discovery Grant from the Natural Sciences and Engineering Research
Council of Canada (RGPIN-2020-05029).

Gallagher, Wallois, and Obrig: Functional near-infrared spectroscopy in pediatric clinical research. . .

Neurophotonics 023517-16 Apr–Jun 2023 • Vol. 10(2)

https://doi.org/10.1117/1.NPh.10.2.023517.s01


References

1. S. R. Hintz et al., “Bedside imaging of intracranial hemorrhage in the neonate using light:
comparison with ultrasound, computed tomography, and magnetic resonance imaging,”
Pediatr. Res. 45(1), 54–59 (1999).

2. S. P. Gopinath et al., “Early detection of delayed traumatic intracranial hematomas using
near-infrared spectroscopy,” J. Neurosurg. 83(3), 438–444 (1995).

3. S. P. Gopinath et al., “Near-infrared spectroscopic localization of intracranial hematomas,”
J. Neurosurg. 79(1), 43–47 (1993).

4. H. Obrig, “NIRS in clinical neurology - a ‘promising’ tool?” Neuroimage 85 Pt 1, 535–46
(2013).

5. M. S. Green, S. Sehgal, and R. Tariq, “Near-infrared spectroscopy: the new must have tool
in the intensive care unit?” Semin. Cardiothorac. Vasc. Anesth. 20(3), 213–224 (2016).

6. G. Greisen et al., “Cerebral oximetry in preterm infants-to use or not to use, that is the
question,” Front. Pediatr. 9, 747660 (2021).

7. G. Greisen, T. Leung, and M. Wolf, “Has the time come to use near-infrared spectroscopy
as a routine clinical tool in preterm infants undergoing intensive care?” Philos. Trans. Ser.
A Math. Phys. Eng. Sci. 369(1955), 4440–4451 (2011).

8. C. S. Hawco et al., “BOLD changes occur prior to epileptic spikes seen on scalp EEG,”
Neuroimage 35(4), 1450–1458 (2007).

9. G. Gratton and M. Fabiani, “Fast optical imaging of human brain function,” Front. Hum.
Neurosci. 4, 52 (2010).

10. K. Peng et al., “Multichannel continuous electroencephalography-functional near-infrared
spectroscopy recording of focal seizures and interictal epileptiform discharges in human
epilepsy: a review,” Neurophotonics 3(3), 031402 (2016).

11. E. Bourel-Ponchel, “Exploration de l’unité neurovasculaire dans l’épilepsie de l’enfant :
approche multimodale haute densité couplant l’EEG à l’imagerie optique fonctionnelle,”
Amiens (2013).

12. V. Osharina et al., “Hemodynamic changes associated with interictal spikes induced by
acute models of focal epilepsy in rats: a simultaneous electrocorticography and near-
infrared spectroscopy study,” Brain Topogr. 30(3), 390–407 (2017).

13. A. Aarabi, V. Osharina, and F. Wallois, “Effect of confounding variables on hemodynamic
response function estimation using averaging and deconvolution analysis: An event-related
NIRS study,” Neuroimage 155, 25–49 (2017).

14. V. Osharina et al., “Local haemodynamic changes preceding interictal spikes: a simulta-
neous electrocorticography (ECoG) and near-infrared spectroscopy (NIRS) analysis in
rats,” Neuroimage 50(2), 600–607 (2010).

15. M. Manoochehri et al., “Shedding light on interictal epileptic spikes: An in vivo study
using fast optical signal and electrocorticography,” Epilepsia 58(4), 608–616 (2017).

16. P. Pouliot et al., “Nonlinear hemodynamic responses in human epilepsy: a multimodal
analysis with fNIRS-EEG and fMRI-EEG,” J. Neurosci. Methods 204(2), 326–340 (2012).

17. A. Machado et al., “Detection of hemodynamic responses to epileptic activity using simul-
taneous electro-encephalography (EEG)/near infra red spectroscopy (NIRS) acquisitions,”
Neuroimage 56(1), 114–125 (2011).

18. F. Wallois et al., “Haemodynamic changes during seizure-like activity in a neonate: a
simultaneous AC EEG-SPIR and high-resolution DC EEG recording,” Neurophysiol. Clin.
39(4-5), 217–227 (2009).

19. R. Silas et al., “Cerebral oxygenation during subclinical seizures in neonatal hypoxic-
ischaemic encephalopathy,” Eur. J. Paediatr. Neurol. 16(3), 304–307 (2012).

20. E. Watanabe et al., “Noninvasive cerebral blood volume measurement during seizures
using multichannel near infrared spectroscopic topography,” J. Biomed. Opt. 5(3),
287–290 (2000).

21. E. Watanabe, Y. Nagahori, and Y. Mayanagi, “Focus diagnosis of epilepsy using near-
infrared spectroscopy,” Epilepsia 43, 50–55 (2002).

22. A. Gallagher et al., “Non-invasive pre-surgical investigation of a 10 year-old epileptic boy
using simultaneous EEG-NIRS,” Seizure 17(6), 576–582 (2008).

Gallagher, Wallois, and Obrig: Functional near-infrared spectroscopy in pediatric clinical research. . .

Neurophotonics 023517-17 Apr–Jun 2023 • Vol. 10(2)

https://doi.org/10.1203/00006450-199901000-00009
https://doi.org/10.3171/jns.1995.83.3.0438
https://doi.org/10.3171/jns.1993.79.1.0043
https://doi.org/10.1016/j.neuroimage.2013.03.045
https://doi.org/10.1177/1089253216644346
https://doi.org/10.3389/fped.2021.747660
https://doi.org/10.1098/rsta.2011.0261
https://doi.org/10.1098/rsta.2011.0261
https://doi.org/10.1016/j.neuroimage.2006.12.042
https://doi.org/10.3389/fnhum.2010.00052
https://doi.org/10.3389/fnhum.2010.00052
https://doi.org/10.1117/1.NPh.3.3.031402
https://doi.org/10.1007/s10548-016-0541-z
https://doi.org/10.1016/j.neuroimage.2017.04.048
https://doi.org/10.1016/j.neuroimage.2010.01.009
https://doi.org/10.1111/epi.13689
https://doi.org/10.1016/j.jneumeth.2011.11.016
https://doi.org/10.1016/j.neuroimage.2010.12.026
https://doi.org/10.1016/j.neucli.2009.08.001
https://doi.org/10.1016/j.ejpn.2011.09.003
https://doi.org/10.1117/1.429998
https://doi.org/10.1046/j.1528-1157.43.s.9.12.x
https://doi.org/10.1016/j.seizure.2008.01.009


23. D. K. Nguyen et al., “Noninvasive continuous functional near-infrared spectroscopy
combined with electroencephalography recording of frontal lobe seizures,” Epilepsia
54(2), 331–340 (2013).

24. K. Haginoya et al., “Ictal cerebral haemodynamics of childhood epilepsy measured with
near-infrared spectrophotometry,” Brain 125(9), 1960–1971 (2002).

25. P. D. Adelson et al., “Noninvasive continuous monitoring of cerebral oxygenation
periictally using near-infrared spectroscopy: a preliminary report,” Epilepsia 40(11),
1484–1489 (1999).

26. Y. Sato et al., “Ictal near-infrared spectroscopy and electrocorticography study of supple-
mentary motor area seizures,” J. Biomed. Opt. 18(7), 076022 (2013).

27. E. Bourel-Ponchel et al., “Non-invasive, multimodal analysis of cortical activity, blood
volume and neurovascular coupling in infantile spasms using EEG-fNIRS monitoring,”
Neuroimage Clin. 15, 359–366 (2017).

28. M. Munakata et al., “Dynamic cortical activity during spasms in three patients with West
syndrome: a multichannel near-infrared spectroscopic topography study,” Epilepsia
45(10), 1248–1257 (2004).

29. N. Roche-Labarbe et al., “NIRS-measured oxy- and deoxyhemoglobin changes associated
with EEG spike-and-wave discharges in children,” Epilepsia 49(11), 1871–1880 (2008).

30. M. Nourhashemi, M. Mahmoudzadeh, and F. Wallois, “Pre-ictal neurovascular activity
precedes onset of childhood absence seizure: DC potential shifts and its correlations with
hemodynamic activity” (2022).

31. P. Sirpal et al., “fNIRS improves seizure detection in multimodal EEG-fNIRS recordings,”
J. Biomed. Opt. 24(5), 051408 (2019).

32. A. Gallagher et al., “Near-infrared spectroscopy as an alternative to the Wada test for
language mapping in children, adults and special populations,” Epileptic Disord. Int.
Epilepsy J. Videotape 9(3), 241–255 (2007).

33. A. Gallagher et al., “A noninvasive, presurgical expressive and receptive language inves-
tigation in a 9-year-old epileptic boy using near-infrared spectroscopy,” Epilepsy Behav.
12(2), 340–346 (2008).

34. P. Vannasing et al., “Potential brain language reorganization in a boy with refractory epi-
lepsy; an fNIRS-EEG and fMRI comparison,” Epilepsy Behav. Case Rep. 5, 34–37 (2016).

35. A. Gallagher, J. Tremblay, and P. Vannasing, “Language mapping in children using resting-
state functional connectivity: comparison with a task-based approach,” J. Biomed. Opt.
21(12), 125006 (2016).

36. K. Sato et al., “Cortico-cortical evoked hemodynamic responses in human language
systems using intraoperative near-infrared spectroscopy during direct cortical stimulation,”
Neurosci. Lett. 630, 136–140 (2016).

37. M. D. Wheelock, J. P. Culver, and A. T. Eggebrecht, “High-density diffuse optical tomog-
raphy for imaging human brain function,” Rev. Sci. Instrum. 90(5), 051101 (2019).

38. F. Wallois et al., “EEG-NIRS in epilepsy in children and neonates,” Neurophysiol. Clin.
40(5-6), 281–292 (2010).

39. C. Arnal-Real et al., “What triggers the interictal epileptic spike? A multimodal multiscale
analysis of the dynamic of synaptic and non-synaptic neuronal and vascular compartments
using electrical and optical measurements,” Front. Neurol. 12, 596926 (2021).

40. F. Wallois et al., “Usefulness of simultaneous EEG-NIRS recording in language studies,”
Brain Lang. 121(2), 110–123 (2012).

41. A. T. Eggebrecht et al., “A quantitative spatial comparison of high-density diffuse optical
tomography and fMRI cortical mapping,” Neuroimage 61(4), 1120–1128 (2012).

42. J. Mehler, J. Bertoncini, and M. Barriere, “Infant recognition of mother’s voice,”
Perception 7(5), 491–497 (1978).

43. J. L. Locke and B. Bogin, “Language and life history: a new perspective on the develop-
ment and evolution of human language,” Behav. Brain Sci. 29(3), 259–280; discussion
280–325 (2006).

44. G. Dehaene-Lambertz, L. Hertz-Pannier, and J. Dubois, “Nature and nurture in language
acquisition: anatomical and functional brain-imaging studies in infants,” Trends Neurosci.
29(7), 367–373 (2006).

Gallagher, Wallois, and Obrig: Functional near-infrared spectroscopy in pediatric clinical research. . .

Neurophotonics 023517-18 Apr–Jun 2023 • Vol. 10(2)

https://doi.org/10.1111/epi.12011
https://doi.org/10.1093/brain/awf213
https://doi.org/10.1111/j.1528-1157.1999.tb02030.x
https://doi.org/10.1117/1.JBO.18.7.076022
https://doi.org/10.1016/j.nicl.2017.05.004
https://doi.org/10.1111/j.0013-9580.2004.t01-1-04004.x
https://doi.org/10.1111/j.1528-1167.2008.01711.x
https://doi.org/10.1117/1.JBO.24.5.051408
https://doi.org/10.1684/epd.2007.0118
https://doi.org/10.1684/epd.2007.0118
https://doi.org/10.1016/j.yebeh.2007.10.008
https://doi.org/10.1016/j.ebcr.2016.01.006
https://doi.org/10.1117/1.JBO.21.12.125006
https://doi.org/10.1016/j.neulet.2016.07.037
https://doi.org/10.1063/1.5086809
https://doi.org/10.1016/j.neucli.2010.08.004
https://doi.org/10.3389/fneur.2021.596926
https://doi.org/10.1016/j.bandl.2011.03.010
https://doi.org/10.1016/j.neuroimage.2012.01.124
https://doi.org/10.1068/p070491
https://doi.org/10.1017/S0140525X0600906X
https://doi.org/10.1016/j.tins.2006.05.011


45. H. Obrig et al., “From acoustic segmentation to language processing: evidence from optical
imaging,” Front. Neuroenerg. 2, 13 (2010).

46. F. Homae, “A brain of two halves: insights into interhemispheric organization provided by
near-infrared spectroscopy,” Neuroimage 85 Pt 1, 354–362 (2014).

47. L. K. Butler, S. Kiran, and H. Tager-Flusberg, “Functional near-infrared spectroscopy in
the study of speech and language impairment across the life span: a systematic review,”
Am. J. Speech-Lang. Pathol./Am. Speech-Lang.-Hear. Assoc. 29(3), 1674–1701 (2020).

48. A. D. Friederici, “Neurophysiological markers of early language acquisition: from
syllables to sentences,” Trends Cogn. Sci. 9(10), 481–488 (2005).

49. M. Kubota, L. Pollonini, and G. Zouridakis, “Local syntactic violations evoke fast
mismatch-related neural activity detected by optical neuroimaging,” Exp. Brain Res.
238(11), 2665–2684 (2020).

50. T. Kusaka et al., “Noninvasive optical imaging in the visual cortex in young infants,”
Hum. Brain Mapp. 22(2), 122–132 (2004).

51. S. L. Ferradal et al., “Functional imaging of the developing brain at the bedside using
diffuse optical tomography,” Cereb. Cortex 26(4), 1558–1568 (2015).

52. C. Issard and J. Gervain, “Variability of the hemodynamic response in infants: influence
of experimental design and stimulus complexity,” Dev. Cogn. Neurosci. 33, 182–193
(2018).

53. R. Draganova et al., “Fetal auditory evoked responses to onset of amplitude modulated
sounds. A fetal magnetoencephalography (fMEG) study,” Hear. Res. 363, 70–77 (2018).

54. A. B. Sevy et al., “Neuroimaging with near-infrared spectroscopy demonstrates speech-
evoked activity in the auditory cortex of deaf children following cochlear implantation,”
Hear Res 270(1–2), 39–47 (2010).

55. Y. Wang et al., “Differential auditory cortical development in left and right cochlear
implanted children,” Cereb. Cortex 32(23), 5438–5454 (2022).

56. G. Hickok and D. Poeppel, “Opinion - the cortical organization of speech processing,”
Nat. Rev. Neurosci. 8(5), 393–402 (2007).

57. M. Mahmoudzadeh et al., “Syllabic discrimination in premature human infants prior to
complete formation of cortical layers,” Proc. Natl. Acad. Sci. U. S. A. 110(12), 4846–
4851 (2013).

58. M. Mahmoudzadeh et al., “Consequence of intraventricular hemorrhage on neurovascular
coupling evoked by speech syllables in preterm neonates,”Dev. Cogn. Neurosci. 30, 60–69
(2018).

59. F. Mushtaq et al., “Evaluating time-reversed speech and signal-correlated noise as auditory
baselines for isolating speech-specific processing using fNIRS,” PLoS One 14(7),
e0219927 (2019).

60. M. Pena et al., “Sounds and silence: an optical topography study of language recognition at
birth,” Proc. Natl. Acad. Sci. U. S. A. 100(20), 11702–11705 (2003).

61. R. Hosseini et al., “An fNIRS-based feature learning and classification framework to
distinguish hemodynamic patterns in children who stutter,” IEEE Trans. Neural Syst.
Rehabil. Eng. 26(6), 1254–1263 (2018).

62. B. Walsh et al., “Hemodynamics of speech production: an fNIRS investigation of children
who stutter,” Sci. Rep. 7(1), 4034 (2017).

63. D. Zhu, J. Wang, and H. Wu, “Working memory function in Chinese dyslexic children:
a near-infrared spectroscopy study,” J. Huazhong Univ. Sci. Technol. Med. Sci. 32(1),
141–145 (2012).

64. M. Dapretto and E. L. Bjork, “The development of word retrieval abilities in the second
year and its relation to early vocabulary growth,” Child Dev. 71(3), 635–648 (2000).

65. J. Ganger and M. R. Brent, “Reexamining the vocabulary spurt,” Dev. Psychol. 40(4),
621–632 (2004).

66. E. Kirilina et al., “The physiological origin of task-evoked systemic artefacts in functional
near infrared spectroscopy,” Neuroimage 61(1), 70–81 (2012).

67. K. L. Perdue et al., “Differing developmental trajectories in heart rate responses to speech
stimuli in infants at high and low risk for autism spectrum disorder,” J. Autism Dev. Disord.
47(8), 2434–2442 (2017).

Gallagher, Wallois, and Obrig: Functional near-infrared spectroscopy in pediatric clinical research. . .

Neurophotonics 023517-19 Apr–Jun 2023 • Vol. 10(2)

https://doi.org/10.3389/fnene.2010.00013
https://doi.org/10.1016/j.neuroimage.2013.06.023
https://doi.org/10.1044/2020_AJSLP-19-00050
https://doi.org/10.1016/j.tics.2005.08.008
https://doi.org/10.1007/s00221-020-05922-8
https://doi.org/10.1002/hbm.20020
https://doi.org/10.1093/cercor/bhu320
https://doi.org/10.1016/j.dcn.2018.01.009
https://doi.org/10.1016/j.heares.2018.03.005
https://doi.org/10.1016/j.heares.2010.09.010
https://doi.org/10.1093/cercor/bhac025
https://doi.org/10.1038/nrn2113
https://doi.org/10.1073/pnas.1212220110
https://doi.org/10.1016/j.dcn.2018.01.001
https://doi.org/10.1371/journal.pone.0219927
https://doi.org/10.1073/pnas.1934290100
https://doi.org/10.1109/TNSRE.2018.2829083
https://doi.org/10.1109/TNSRE.2018.2829083
https://doi.org/10.1038/s41598-017-04357-6
https://doi.org/10.1007/s11596-012-0025-7
https://doi.org/10.1111/1467-8624.00172
https://doi.org/10.1037/0012-1649.40.4.621
https://doi.org/10.1016/j.neuroimage.2012.02.074
https://doi.org/10.1007/s10803-017-3167-4


68. S. M. Adlof and T. P. Hogan, “If we don’t look, we won’t see: measuring language devel-
opment to inform literacy instruction,” Policy Insights Behav. Brain Sci. 6(2), 210–217
(2019).

69. G. Schaadt and C. Mannel, “Phonemes, words, and phrases: tracking phonological
processing in pre-schoolers developing dyslexia,” Clin. Neurophysiol. 130(8), 1329–1341
(2019).

70. S. Volkmer and G. Schulte-Korne, “Cortical responses to tone and phoneme mismatch as
a predictor of dyslexia? A systematic review,” Schizophr. Res. 191, 148–160 (2018).

71. B. A. Kelsen et al., “What has social neuroscience learned from hyperscanning studies of
spoken communication? A systematic review,” Neurosci. Biobehav. Rev. 132, 1249–1262
(2022).

72. K. Sayal et al., “ADHD in children and young people: prevalence, care pathways, and
service provision,” Lancet Psychiatry 5(2), 175–186 (2018).

73. A. P. Society, Diagnostic and Statistical Manual of Mental Disorders, 5th ed., American
Psychiatric Association (2013).

74. K. Rubia et al., “Abnormal brain activation during inhibition and error detection in
medication-naive adolescents with ADHD,” Am. J. Psychiatry 162(6), 1067–1075 (2005).

75. L. Tamm et al., “Event-related FMRI evidence of frontotemporal involvement in aberrant
response inhibition and task switching in attention-deficit/hyperactivity disorder,” J. Am.
Acad. Child Adolesc. Psychiatry 43(11), 1430–1440 (2004).

76. S. Sutoko et al., “Exploring attentive task-based connectivity for screening attention
deficit/hyperactivity disorder children: a functional near-infrared spectroscopy study,”
Neurophotonics 6(4), 045013 (2019).

77. M. Wang et al., “Disrupted functional brain connectivity networks in children with atten-
tion-deficit/hyperactivity disorder: evidence from resting-state functional near-infrared
spectroscopy,” Neurophotonics 7(1), 015012 (2020).

78. Z. Hu et al., “Disrupted signal variability of spontaneous neural activity in children with
attention-deficit/hyperactivity disorder,” Biomed. Opt. Express 12(5), 3037–3049 (2021).

79. A. Crippa et al., “The utility of a computerized algorithm based on a multi-domain profile
of measures for the diagnosis of attention deficit/hyperactivity disorder,” Front. Psychiatry
8, 189 (2017).

80. Y. Gu et al., “Identifying ADHD children using hemodynamic responses during a working
memory task measured by functional near-infrared spectroscopy,” J. Neural Eng. 15(3),
035005 (2018).

81. Y. Monden et al., “Individual classification of ADHD children by right prefrontal
hemodynamic responses during a go/no-go task as assessed by fNIRS,” Neuroimage Clin.
9, 1–12 (2015).

82. A. Yasumura et al., “Applied machine learning method to predict children with ADHD
using prefrontal cortex activity: a multicenter study in Japan,” J. Atten. Disord. 24(14),
2012–2020 (2020).

83. H. Ichikawa et al., “Novel method to classify hemodynamic response obtained using multi-
channel fNIRS measurements into two groups: exploring the combinations of channels,”
Front. Hum. Neurosci. 8, 480 (2014).

84. S. Sutoko et al., “Distinct methylphenidate-evoked response measured using functional
near-infrared spectroscopy during go/no-go task as a supporting differential diagnostic tool
between attention-deficit/hyperactivity disorder and autism spectrum disorder comorbid
children,” Front. Hum. Neurosci. 13, 7 (2019).

85. Y. Nakanishi et al., “Differential therapeutic effects of atomoxetine and methylphenidate in
childhood attention deficit/hyperactivity disorder as measured by near-infrared spectros-
copy,” Child Adolesc. Psychiatry Ment. Health 11, 26 (2017).

86. J. Li et al., “Synaptosomal-associated protein 25 gene polymorphisms affect treatment
efficiency of methylphenidate in children with attention-deficit hyperactivity disorder:
an fNIRS study,” Front. Behav. Neurosci. 15, 793643 (2021).

87. O. Oner et al., “Association among SNAP-25 gene DdeI and MnlI polymorphisms and
hemodynamic changes during methylphenidate use: a functional near-infrared spectros-
copy study,” J. Atten. Disord. 15(8), 628–637 (2011).

Gallagher, Wallois, and Obrig: Functional near-infrared spectroscopy in pediatric clinical research. . .

Neurophotonics 023517-20 Apr–Jun 2023 • Vol. 10(2)

https://doi.org/10.1177/2372732219839075
https://doi.org/10.1016/j.clinph.2019.05.018
https://doi.org/10.1016/j.schres.2017.07.010
https://doi.org/10.1016/j.neubiorev.2020.09.008
https://doi.org/10.1016/S2215-0366(17)30167-0
https://doi.org/10.1176/appi.ajp.162.6.1067
https://doi.org/10.1097/01.chi.0000140452.51205.8d
https://doi.org/10.1097/01.chi.0000140452.51205.8d
https://doi.org/10.1117/1.NPh.6.4.045013
https://doi.org/10.1117/1.NPh.7.1.015012
https://doi.org/10.1364/BOE.418921
https://doi.org/10.3389/fpsyt.2017.00189
https://doi.org/10.1088/1741-2552/aa9ee9
https://doi.org/10.1016/j.nicl.2015.06.011
https://doi.org/10.1177/1087054717740632
https://doi.org/10.3389/fnhum.2014.00480
https://doi.org/10.3389/fnhum.2019.00007
https://doi.org/10.1186/s13034-017-0163-6
https://doi.org/10.3389/fnbeh.2021.793643
https://doi.org/10.1177/1087054710374597


88. S. Grazioli et al., “Patterns of response to methylphenidate administration in children with
ADHD: a personalized medicine approach through clustering analysis,” Children-Basel
8(11), 1008 (2021).

89. W. J. Wu et al., “A parallel-group study of near-infrared spectroscopy-neurofeedback
in children with attention deficit hyperactivity disorder,” Psychiatry Res. 309, 114364
(2022).

90. I. Tachtsidis and F. Scholkmann, “False positives and false negatives in functional near-
infrared spectroscopy: issues, challenges, and the way forward,” Neurophotonics 3(3),
031405 (2016).

91. M. A. Yucel et al., “Best practices for fNIRS publications,” Neurophotonics 8(1), 012101
(2021).

92. H. Mohammadian Foroushani et al., “The stroke neuro-imaging phenotype repository:
an open data science platform for stroke research,” Front. Neuroinf. 15, 597708
(2021).

93. J. Gervain et al., “The neonate brain detects speech structure,” Proc. Natl. Acad. Sci. U. S. A.
105(37), 14222–14227 (2008).

94. L. A. Edwards et al., “Differences in neural correlates of speech perception in 3 month
olds at high and low risk for autism spectrum disorder,” J. Autism Dev. Disord. 47(10),
3125–3138 (2017).

95. M. Noorhashemi et al., “Preictal neurovascular activity precedes the onset of childhood
absence seizure: DC potential shifts and their correlation with hemodynamic activity,”
submitted (2022).

96. K. Peng et al., “fNIRS-EEG study of focal interictal epileptiform discharges,” Epilepsy
Res. 108(3), 491–505 (2014).

97. Y. Sato et al., “Near-infrared spectroscopic study and the Wada test for presurgical
evaluation of expressive and receptive language functions in glioma patients: with a case
report of dissociated language functions,” Neurosci. Lett. 510, 104–109 (2012).

98. A. A. Anderson et al., “Prefrontal hemodynamics in toddlers at rest: a pilot study of
developmental variability,” Front. Neurosci. 11, 300 (2017).

99. G. J. Basura et al., “Human central auditory plasticity: a review of functional near-infrared
spectroscopy (fNIRS) to measure cochlear implant performance and tinnitus perception,”
Laryngoscope Investig. Otolaryngol. 3(6), 463–472 (2018).

100. L. Bell et al., “fNIRS assessment of speech comprehension in children with normal hearing
and children with hearing aids in virtual acoustic environments: pilot data and practical
recommendations,” Children-Basel 7(11), 219 (2020).

101. L. Bell et al., “Auditory and visual response inhibition in children with bilateral hearing
aids and children with ADHD,” Brain Sci. 10(5), 307 (2020).

102. A. L. L. Bertachini et al., “Hearing brain evaluated using near-infrared spectroscopy in
congenital toxoplasmosis,” Sci. Rep. 11, 10135 (2021).

103. H. Bortfeld, “Functional near-infrared spectroscopy as a tool for assessing speech and spo-
ken language processing in pediatric and adult cochlear implant users,” Dev. Psychobiol.
61(3), 430–443 (2019).

104. M. N. Calmels et al., “Functional reorganization of the central auditory system in children
with single-sided deafness: a protocol using fNIRS,” Brain Sci. 12(4), 423 (2022).

105. R. S. Dewey and D. E. Hartley, “Cortical cross-modal plasticity following deafness
measured using functional near-infrared spectroscopy,” Hear Res. 325, 55–63 (2015).

106. S. C. Harrison et al., “Use of functional near-infrared spectroscopy to predict and measure
cochlear implant outcomes: a scoping review,” Brain Sci. 11(11), 1439 (2021).

107. E. S. Jackson et al., “A fNIRS investigation of speech planning and execution in adults who
stutter,” Neuroscience 406, 73–85 (2019).

108. E. S. Jackson et al., “Speech planning and execution in children who stutter: Preliminary
findings from a fNIRS investigation,” J. Clin. Neurosci. 91, 32–42 (2021).

109. I. Kovelman et al., “At the rhythm of language: brain bases of language-related frequency
perception in children,” Neuroimage 60(1), 673–682 (2012).

110. I. Kovelman et al., “Dual language use in sign-speech bimodal bilinguals: fNIRS brain-
imaging evidence,” Brain Lang. 109(2–3), 112–123 (2009).

Gallagher, Wallois, and Obrig: Functional near-infrared spectroscopy in pediatric clinical research. . .

Neurophotonics 023517-21 Apr–Jun 2023 • Vol. 10(2)

https://doi.org/10.3390/children8111008
https://doi.org/10.1016/j.psychres.2021.114364
https://doi.org/10.1117/1.NPh.3.3.031405
https://doi.org/10.1117/1.NPh.8.1.012101
https://doi.org/10.3389/fninf.2021.597708
https://doi.org/10.1073/pnas.0806530105
https://doi.org/10.1007/s10803-017-3222-1
https://doi.org/10.1016/j.eplepsyres.2013.12.011
https://doi.org/10.1016/j.eplepsyres.2013.12.011
https://doi.org/10.1016/j.neulet.2012.01.011
https://doi.org/10.3389/fnins.2017.00300
https://doi.org/10.1002/lio2.185
https://doi.org/10.3390/children7110219
https://doi.org/10.3390/brainsci10050307
https://doi.org/10.1038/s41598-021-89481-0
https://doi.org/10.1002/dev.21818
https://doi.org/10.3390/brainsci12040423
https://doi.org/10.1016/j.heares.2015.03.007
https://doi.org/10.3390/brainsci11111439
https://doi.org/10.1016/j.neuroscience.2019.02.032
https://doi.org/10.1016/j.jocn.2021.06.018
https://doi.org/10.1016/j.neuroimage.2011.12.066
https://doi.org/10.1016/j.bandl.2008.09.008


111. H. Kuwabara et al., “Decreased prefrontal activation during letter fluency task in adults
with pervasive developmental disorders: a near-infrared spectroscopy study,” Behav. Brain
Res. 172(2), 272–277 (2006).

112. R. J. Lawrence et al., “Evaluating cortical responses to speech in children: a functional
near-infrared spectroscopy (fNIRS) study,” Hear Res. 401, 108155 (2021).

113. D. Mao et al., “Speech token detection and discrimination in individual infants using
functional near-infrared spectroscopy,” Sci. Rep. 11, 24006 (2021).

114. R. A. Marks et al., “The neurocognitive basis of morphological processing in typical and
impaired readers,” Ann. Dyslexia 72(2), 361–383 (2022).

115. E. Mercure et al., “Language experience impacts brain activation for spoken and signed
language in infancy: insights from unimodal and bimodal bilinguals,” Neurobiol. Lang.-
Camb. 1(1), 9–32 (2020).

116. Y. Minagawa-Kawai et al., “Cerebral laterality for phonemic and prosodic cue decoding in
children with autism,” Neuroreport 20(13), 1219–1224 (2009).

117. F. Mushtaq et al., “The benefit of cross-modal reorganization on speech perception in
pediatric cochlear implant recipients revealed using functional near-infrared spectroscopy,”
Front. Hum. Neurosci. 14, 308 (2020).

118. M. B. Pecyna and M. Pokorski, “Near-infrared hemoencephalography for monitoring
blood oxygenation in prefrontal cortical areas in diagnosis and therapy of developmental
dyslexia,” Adv. Exp. Med. Biol. 788, 175–180 (2013).

119. A. Saksida et al., “Interdisciplinary approaches to the study of listening effort in young
children with cochlear implants,” Audiol. Res. 12(1), 1–9 (2021).

120. J. Saliba et al., “Functional near-infrared spectroscopy for neuroimaging in cochlear
implant recipients,” Hear Res. 338, 64–75 (2016).

121. Y. Sato et al., “Functional lateralization of speech processing in adults and children who
stutter,” Front. Psychol. 2, 70 (2011).

122. I. Sela et al., “A functional near-infrared spectroscopy study of lexical decision task
supports the dual route model and the phonological deficit theory of dyslexia,”
J. Learn. Disabil. 47(3), 279–288 (2014).

123. R. Song et al., “A near-infrared brain function study of Chinese dyslexic children,”
Neurocase 19(4), 382–389 (2013).

124. S. E. Tichenor et al., “Consistency of children’s hemodynamic responses during sponta-
neous speech,” Neurophotonics 9(1), 015003 (2022).

125. Q. Wang et al., “A review of functional near-infrared spectroscopy studies of motor and
cognitive function in preterm infants,” Neurosci. Bull. 36(3), 321–329 (2020).

126. Y. Wang et al., “The neural processing of vocal emotion after hearing reconstruction in
prelingual deaf children: a functional near-infrared spectroscopy brain imaging study,”
Front. Neurosci. 15, 705741 (2021).

127. D. J. Zhu et al., “Working memory function in Chinese dyslexic children: a near-infrared
spectroscopy study,” J. Huazhong Univ. Sci. Technol. Med. Sci. 32(1), 141–145 (2012).

128. S. Arai et al., “Altered frontal pole development affects self-generated spatial working
memory in ADHD,” Brain Dev. 38(5), 471–480 (2016).

129. A. Araki et al., “Improved prefrontal activity in AD/HD children treated with atomoxetine:
a NIRS study,” Brain Dev. 37(1), 76–87 (2015).

130. F. Blume et al., “NIRS-based neurofeedback training in a virtual reality classroom for
children with attention-deficit/hyperactivity disorder: study protocol for a randomized
controlled trial,” Trials 18(1), 41 (2017).

131. C. A. Calub et al., “Attention control in children with ADHD: an investigation using
functional near infrared spectroscopy (fNIRS),” Child Neuropsychol. 28(8), 1072–1096
(2022).

132. S. Grazioli et al., “Association between fatty acids profile and cerebral blood flow: an
exploratory fNIRS study on children with and without ADHD,” Nutrients 11(10), 2414
(2019).

133. H. Ichikawa et al., “Hemodynamic response of children with attention-deficit and hyper-
active disorder (ADHD) to emotional facial expressions,” Neuropsychologia 63, 51–58
(2014).

Gallagher, Wallois, and Obrig: Functional near-infrared spectroscopy in pediatric clinical research. . .

Neurophotonics 023517-22 Apr–Jun 2023 • Vol. 10(2)

https://doi.org/10.1016/j.bbr.2006.05.020
https://doi.org/10.1016/j.bbr.2006.05.020
https://doi.org/10.1016/j.heares.2020.108155
https://doi.org/10.1038/s41598-021-03595-z
https://doi.org/10.1007/s11881-021-00239-9
https://doi.org/10.1162/nol_a_00001
https://doi.org/10.1162/nol_a_00001
https://doi.org/10.1097/WNR.0b013e32832fa65f
https://doi.org/10.3389/fnhum.2020.00308
https://doi.org/10.1007/978-94-007-6627-3_26
https://doi.org/10.3390/audiolres12010001
https://doi.org/10.1016/j.heares.2016.02.005
https://doi.org/10.3389/fpsyg.2011.00070
https://doi.org/10.1177/0022219412451998
https://doi.org/10.1080/13554794.2012.690422
https://doi.org/10.1117/1.NPh.9.1.015003
https://doi.org/10.1007/s12264-019-00441-1
https://doi.org/10.3389/fnins.2021.705741
https://doi.org/10.1007/s11596-012-0025-7
https://doi.org/10.1016/j.braindev.2015.11.005
https://doi.org/10.1016/j.braindev.2014.03.011
https://doi.org/10.1186/s13063-016-1769-3
https://doi.org/10.1080/09297049.2022.2047913
https://doi.org/10.3390/nu11102414
https://doi.org/10.1016/j.neuropsychologia.2014.08.010


134. Y. Inoue et al., “Reduced prefrontal hemodynamic response in children with ADHD during
the Go/NoGo task,” NeuroReport 23(2), 55–60 (2012).

135. S. Ishii et al., “Disinhibition in children with attention-deficit/hyperactivity disorder:
Changes in [oxy-Hb] on near-infrared spectroscopy during “rock, paper, scissors” task,”
Brain Dev. 39(5), 395–402 (2017).

136. A. Ishii-Takahashi et al., “Neuroimaging-aided prediction of the effect of methylphenidate
in children with attention-deficit hyperactivity disorder: a randomized controlled trial,”
Neuropsychopharmacology 40(12), 2676–2685 (2015).

137. S. Jang et al., “Use of virtual reality working memory task and functional near-infrared
spectroscopy to assess brain hemodynamic responses to methylphenidate in ADHD
children,” Front. Psychiatry 11, 564618 (2021).

138. Y. Kaga et al., “Executive dysfunction in medication-naïve children with ADHD: a multi-
modal fNIRS and EEG study,” Brain Dev. 42(8), 555–563 (2020).

139. C. Kawai et al., “Usefulness of near-infrared spectroscopy (NIRS) for evaluating drug
effects and improvements in medication adherence in children with attention deficit hyper-
activity disorder (ADHD),” J. Med. Invest. 68(1.2), 53–58 (2021).

140. M. Kobayashi et al., “Acute administration of methylphenidate differentially affects cort-
ical processing of emotional facial expressions in attention-deficit hyperactivity disorder
children as studied by functional near-infrared spectroscopy,” Neurophotonics 7(2),
025003 (2020).

141. A. M. Marx et al., “Near-infrared spectroscopy (NIRS) neurofeedback as a treatment for
children with attention deficit hyperactivity disorder (ADHD)-a pilot study,” Front. Hum.
Neurosci. 8, 1038 (2015).

142. N. Matsuura et al., “Effects of methylphenidate in children with attention deficit hyper-
activity disorder: a near-infrared spectroscopy study with CANTAB®,” Child Adolesc.
Psychiatry Ment. Health 8(1), 273 (2014).

143. M. Mauri et al., “Hemodynamic and behavioral peculiarities in response to emotional
stimuli in children with attention deficit hyperactivity disorder: an fNIRS study,”
J. Affect. Dis. 277,671–680 (2020).

144. S. Miao et al., “Reduced prefrontal cortex activation in children with attention-deficit/
hyperactivity disorder during Go/No-Go task: a functional near-infrared spectroscopy
study,” Front. Neurosci. 11, 367 (2017).

145. Y. Monden et al., “Clinically-oriented monitoring of acute effects of methylphenidate on
cerebral hemodynamics in ADHD children using fNIRS,” Clin. Neurophysiol. 123(6),
1147–1157 (2012).

146. S. J. Moser et al., “Right prefrontal brain activation due to Stroop interference is altered in
attention-deficit hyperactivity disorder — a functional near-infrared spectroscopy study,”
Psychiatry Res. 173(3), 190–195 (2009).

147. M. Nagashima et al., “Neuropharmacological effect of atomoxetine on attention network in
children with attention deficit hyperactivity disorder during oddball paradigms as assessed
using functional near-infrared spectroscopy,” Neurophotonics 1(2), 025007 (2014).

148. M. Nagashima et al., “Acute neuropharmacological effects of atomoxetine on inhibitory
control in ADHD children: a fNIRS study,” NeuroImage Clin. 6, 192–201 (2014).

149. M. Nagashima et al., “Neuropharmacological effect of methylphenidate on attention net-
work in children with attention deficit hyperactivity disorder during oddball paradigms
as assessed using functional near-infrared spectroscopy,” Neurophotonics 1(1), 015001
(2014).

150. H. Negoro et al., “Prefrontal dysfunction in attention-deficit/hyperactivity disorder as
measured by near-infrared spectroscopy,” Child Psychiatry Hum. Dev. 41(2), 193–203
(2010).

151. T. Ota et al., “Increased prefrontal hemodynamic change after atomoxetine administration
in pediatric attention-deficit/hyperactivity disorder as measured by near-infrared spectros-
copy,” Psychiatry Clin. Neurosci. 69(3), 161–170 (2014).

152. M. Sanefuji et al., “Altered strategy in short-term memory for pictures in children with
attention-deficit/hyperactivity disorder: a near-infrared spectroscopy study,” Psychiatry
Res. 223(1), 37–42 (2014).

Gallagher, Wallois, and Obrig: Functional near-infrared spectroscopy in pediatric clinical research. . .

Neurophotonics 023517-23 Apr–Jun 2023 • Vol. 10(2)

https://doi.org/10.1097/WNR.0b013e32834e664c
https://doi.org/10.1016/j.braindev.2016.12.005
https://doi.org/10.1038/npp.2015.128
https://doi.org/10.3389/fpsyt.2020.564618
https://doi.org/10.1016/j.braindev.2020.05.007
https://doi.org/10.2152/jmi.68.53
https://doi.org/10.1117/1.NPh.7.2.025003
https://doi.org/10.3389/fnhum.2014.01038
https://doi.org/10.3389/fnhum.2014.01038
https://doi.org/10.1186/s13034-014-0032-5
https://doi.org/10.1186/s13034-014-0032-5
https://doi.org/10.1016/j.jad.2020.08.064
https://doi.org/10.3389/fnins.2017.00367
https://doi.org/10.1016/j.clinph.2011.10.006
https://doi.org/10.1016/j.pscychresns.2008.10.003
https://doi.org/10.1117/1.NPh.1.2.025007
https://doi.org/10.1016/j.nicl.2014.09.001
https://doi.org/10.1117/1.NPh.1.1.015001
https://doi.org/10.1007/s10578-009-0160-y
https://doi.org/10.1111/pcn.12251
https://doi.org/10.1016/j.pscychresns.2014.04.012
https://doi.org/10.1016/j.pscychresns.2014.04.012


153. M. Schecklmann et al., “Prefrontal oxygenation during working memory in ADHD,”
J. Psychiatr. Res. 44(10), 621–628 (2010).

154. M. Schecklmann et al., “Effects of methylphenidate on olfaction and frontal and temporal
brain oxygenation in children with ADHD,” J. Psychiatr. Res. 45(11), 1463–1470 (2011).

155. K. Shimamura et al., “Hemodynamic response to familiar faces in children with ADHD,”
BioPsychoSoc Med. 13(1), 30 (2019).

156. K. Suzuki et al., “Excessive hemodynamic activity in the superior frontal cortex during
the flanker task in children with attention deficit hyperactivity disorder,” NeuroReport
28(13), 828–832 (2017).

157. S. Tsujimoto et al., “Increased prefrontal oxygenation related to distractor-resistant
working memory in children with attention-deficit/hyperactivity disorder (ADHD),”
Child Psychiatry Hum. Dev. 44(5), 678–688 (2013).

158. P. Weber et al., “Cerebral hemodynamic changes in response to an executive function
task in children with attention-deficit hyperactivity disorder measured by near-infrared
spectroscopy,” J. Dev. Behav. Pediatr. 26(2), 105–111 (2005).

159. P. J. Weber et al., “Methylphenidate-induced changes in cerebral hemodynamics measured
by functional near-infrared spectroscopy,” J. Child Neurol. 22(7), 812–817 (2007).

160. S. B. Wigal et al., “Phase synchronization of oxygenation waves in the frontal areas of
children with attention-deficit hyperactivity disorder detected by optical diffusion spectros-
copy correlates with medication,” J. Biomed. Opt. 17(12), 127002 (2012).

161. T. Xiao et al., “Response inhibition impairment in high functioning autism and attention
deficit hyperactivity disorder: evidence from near-infrared spectroscopy data,” PLoS ONE
7(10), e46569 (2012).

162. A. Yasumura et al., “Neurobehavioral and hemodynamic evaluation of Stroop and reverse
Stroop interference in children with attention-deficit/hyperactivity disorder,” Brain Dev.
36(2), 97–106 (2014).

163. A. Yasumura et al., “Age-related differences in frontal lobe function in children with
ADHD,” Brain Dev. 41(7), 577–586 (2019).

Anne Gallagher is a pediatric neuropsychologist and a scientist who holds a Canada Research
Chair in child neuropsychology and brain imaging. Using NIRS-EEG, her research is dedicated
to cognitive and brain development in clinical populations at high-risk for neurodevelopmental
disabilities. Her work in epilepsy has pioneered the development of presurgical imaging tech-
niques using NIRS-EEG. She led the implementation of these methods in clinical environments
where they are now used with patients with severe epilepsy.

Fabrice Wallois is a clinical pediatric neurophysiologist whose research relates to the analysis
of the physiological and pathological neural maturation in neonates and infants. The develop-
ment of acquisition and analysis tools allowing the characterization of the electric (HR-EEG) and
metabolic (NIRS) spontaneous activities and their modulations by exogenous stimuli and by
some pathological conditions (i.e., epilepsy) together with the localization of their sources nota-
bly in premature babies are in the center of his research.

Hellmuth Obrig is a neurologist, working with people suffering from cognitive deficits due to
an acquired brain lesion. He used fNIRS especially in its infancy, targeting the neuronal under-
pinnings of language development in infancy. Now, his major focus is on aphasia. He strives to
learn about the language–brain interface from people with acquired communication disorders.
The focus on plasticity is a scientifically exciting field. Moreover, it may help improving inter-
ventions to allow people regain communication skills.

Gallagher, Wallois, and Obrig: Functional near-infrared spectroscopy in pediatric clinical research. . .

Neurophotonics 023517-24 Apr–Jun 2023 • Vol. 10(2)

https://doi.org/10.1016/j.jpsychires.2009.11.018
https://doi.org/10.1016/j.jpsychires.2011.05.011
https://doi.org/10.1186/s13030-019-0172-1
https://doi.org/10.1097/WNR.0000000000000834
https://doi.org/10.1007/s10578-013-0361-2
https://doi.org/10.1097/00004703-200504000-00005
https://doi.org/10.1177/0883073807304197
https://doi.org/10.1117/1.JBO.17.12.127002
https://doi.org/10.1371/journal.pone.0046569
https://doi.org/10.1016/j.braindev.2013.01.005
https://doi.org/10.1016/j.braindev.2019.03.006

