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Abstract

The sensory system plays a critical role in the development since it allows us to correct and process
the internal-external interaction, through the detection and encoding of the external stimuli.
Dysfunctions of this system lead to the sensory integration, thus to the sensory processing disorders
(SPDs). PSD affects about 5%—13% of 4-6-year-old children affecting not just their ability to respond
to sensory information from the environment, but also their social interaction and regulation of
emotions, as well as the motor actions, learning, attention, communication, and sleep. SPDs have
been extensively studied under different aspects, from molecular to behavioural ones, but the
pathological mechanisms still remain under debate. Moreover, while there are many studies
investigating the behavioural consequences of SPDs, which are used for diagnostic purposes, more
are needed to find biomarkers. Indeed, since SPDs are often misdiagnosed with behaviour-related
dysfunction, e.g., autism spectrum disorder, it is urgent to develop a new diagnostic tool, therefore
targeting therapies. SPDs are misdiagnosed with attention deficit hyperactivity disorder (ADHD).
Nevertheless, despite their similarity in behavioural symptoms and consequences, they have
different causes, involve different neuronal circuits, and therefore have different treatments. In this
narrative review, we aim to provide an overview of the literature on molecular and neuroimaging
findings about SPDs. We will concentrate on the interaction between SPDs and ADHD, highlight the
similarities and the differences, to more deeply understand the differences in pathological
mechanisms and, in turn to highlight unique possible biomarkers, diagnostic and therapeutic tools.

Keywords: SPD; fMRI; ADHD; brain structure; brain oscillations; sensory dysfunctions;
sensory system

1. Introduction

Several inputs to our sensory systems influence how we interact with surroundings in daily life,
e.g., listening to a person talk while watching their lip and arms movements and smelling specific
odours or parfum, all at once. Our brain integrates several streams of inputs to create a single percept,
and this process is called multisensory integration. We can detect, identify, and distinguish between
exterior things more accurately and advantageously through this process than we could with a single
stream of data (Marshall et al., 2022).

The intricacy of the stimulus determines whether attention is focused early or late in
multisensory integration. Simple stimuli allow for early processing through bottom-up attentional
processing; more complex stimuli need top-down processing because incoming stimuli must be
compared to prior information via feedback loops to sensory cortices (2-3). By modulating the gain
and stimulus saliency between sensory modalities, attentional multisensory integration processing is
regulated both top-down and bottom-up (4). While signals are naturally integrated in sensory regions
and superior colliculi, higher-order association areas require top-down attention to correctly
integrate information (5).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.1195.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: Posted: 15 October 2025 do0i:10.20944/preprints202510.1195.v1

2 of 13

Dysfunctions of this system lead to difficulties in daily life. These dysfunctions are present in
different physiological and pathological conditions, e.g., in old people (Volter et al., 2021), depression,
injuries of peripheral inputs (Wall and Wang, 2002), autism spectrum like disorder (ASD), attention
deficit hyperactivity disorder (ADHD) and sensory processing disorders (SPDs).

ADHD is a neurodevelopmental disorder characterized by persistent and pervasive patterns of
inattention, hyperactivity, and impulsivity, frequently associated with unusual responses to sensory
stimulation (Little et al., 2023). In this review, we examine the relationship between SPDs and ADHD,
highlighting particularly the role of sensory dysfunction as a shared feature. While sensory
abnormalities are increasingly recognized as part of the ADHD phenotype, they are also central to
the clinical presentation of SPDs, raising important questions about their neurobiological overlap.
Despite growing interest, the precise neuronal mechanisms underlying sensory dysregulation in both
conditions remain incompletely understood. This gap in knowledge contributes to a significant
clinical challenge: the frequent misdiagnosis or conflation of SPDs and ADHD, especially in pediatric
populations. Both disorders can manifest with similar behavioral profiles—such as distractibility,
emotional dysregulation, and motor restlessness—and exert comparable impacts on daily
functioning across developmental stages. By exploring converging and diverging neurofunctional
pathways, this review aims to clarify the distinctions and intersections between SPDs and ADHD,
ultimately contributing to more accurate diagnosis and targeted interventions. Moreover, since the
ADHD-SPDs association is still unclear, the clinical guidelines for ADHD do not include the
assessment of the sensory processing pattern (Jurek et al., 2025). Nevertheless, because therapeutic
interventions depend on an accurate diagnosis, correct identification is essential to ensure
appropriate treatment and avoid exacerbating the pathological condition. Therefore, there is an
urgent need to identify specific biomarkers and to develop new, targeted diagnostic tools and
therapies for both SPDs and ADHD.

Considering that sensory discrimination deficits —a hallmark of SPD —frequently co-occur with
attentional dysfunctions in ADHD (Mark et al., 2023; Little et al., 2023), the investigation of shared
neural mechanisms becomes particularly relevant, though still not fully elucidated. Although the
existing literature on the neurobiological overlap between SPDs and ADHD remains limited, this
narrative review aims to bridge that gap by examining potential similarities in their underlying
neuronal mechanisms. By synthesizing current findings and theoretical models, the review offers an
integrated perspective that seeks to deepen our understanding of the complex and often intertwined
relationship between these two conditions. This approach not only highlights shared patterns of
sensory dysregulation and attentional control but also underscores the need for more nuanced
diagnostic frameworks and targeted interventions.

2. Materials and Methods

2.1. Study Experimental Design

This narrative review included all types of peer-reviewed English-language publications, i.e.,
case reports, original research articles, and reviews (narrative, systematic and meta-analysis reviews),
conducted in both animal models and humans. The search was performed in PubMed between
September 2024 and September 2025, using the following keywords: “ADHD”, “Attention-deficit
hyperactivity disorder”, “SPD”, “Sensory processing disorder”, “ADHD” AND “brain”, “SPD” AND
“brain”, “ADHD” AND “fMRI”, “SPD” AND “fMRI”, “/ADHD” AND “ERP”, “SPD” AND “ERP”,
“ADHD” AND “SEP”, “SPD” AND “SEP”, “ADHD” AND “brain structure”, and “SPD” AND “brain
structure”. Only studies investigating the neuronal functions of ADHD and/or SPD were considered,
while those focusing on the effect of pharmacological interventions on ADHD and/or SPD on
neuronal activity were excluded. This selection strategy was adopted to align with the primary
objective of the review, i.e., to provide an overview of the shared neuronal mechanisms underlying
ADHD and SPD.
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3. Results

Recent research suggested that ADHD symptoms may arise from selective disruptions in
automatic processing, and this could be due to atypical sensory processing, which in turns impairs
the ability to automate behaviours and process information rapidly and efficiently without conscious
effort (Ullman and Pullman, 2015; Fabio, 2020).

The presence of sensory deficits in both SPDs and ADHD, indicates a strong correlation between
the two pathological conditions. In detail, up to 64% of children with ADHD present atypical sensory
responses, including both over- and under-responsivity (Cascio et al., 2010), in inattentive and
hyperactive/impulsive subtypes (Yochman et al., 2004; Engel-Yeger and Ziv-On, 2011). Conversely,
about 40% of children with SPD also meet criteria for ADHD (Koziol and Budding, 2012). This
bidirectional association has led to the hypothesis that SPD may potentially represent a diagnostic
marker of neuropsychiatric disorders such as ADHD (Passarello et al., 2022), but this is an open
debate in literature. Interestingly, it is well known the importance of the it has been proposed the
critical importance of the early sensory processing in the manage and defined the cortical and
subcortical systems, allowing correct sensory process in the future (Happel et al., 2022). Indeed, the
sensory pathways have hierarchical cortical-subcortical organization that permits the accurate
processing of sensory information (Happel et al., 2022).

To elucidate how these neuronal pathways are involved in the sensory deficits, it is crucial to
employ physiological measures such as somatosensory evoked potentials, sympathetic indices of
nervous system activity (e.g., electrodermal reactivity), electroencephalography (EEG), event-related
potentials (ERP), and functional magnetic resonance imaging (fMRI). Moreover, EEG and fMRI are
nowadays important and valuable diagnostic tools, since allow the detection of abnormal activity in
comparison to control healthy subjects (Passarello et al., 2022), both in children and in adulthood.
Nevertheless, it is critical to notice that each of used technique has advantage and disadvantages, as
temporal and spatial resolution. Indeed, the ERP has higher temporal resolution (milliseconds) in
comparison of EEG and fMRI, while fMRI has higher spatial resolution in comparison to ERP and
EEG. Moreover, for example, fMRI is not always easy to use with children. The following sections
summarize the main physiological findings reported in studies applying these neuronal
physiological methodologies. Importantly, the information from different techniques could be
integrated with each other, and it is also possible to perform simultaneous EEG-fMRI studies (e.g.,
Lenartowicz et al., 2016).

3.1. Shared Brain Networks

Despite the ADHD, but not SPDs, symptoms are the result of abnormalities in large-scale brain
networks, the two conditions shared common brain circuits (Koziol et al., 2012). The executive
functions, e.g., attention, and sensory gating, as well as reward processing, and emotions (Fettes et
al., 2017) are encoded by fronto-striatal circuits and they are impairment in both ADHD and SPDs
conditions (Cupertino et al., 2020; Cubillo et al., 2012). Cupertino and colleagues (2020) reported not
just the role of the fronto-striatal circuitry but also the critical importance of white-matter in the
pathophysiology of ADHD. Indeed, they reported the reduction in the volume in frontal lobes,
striatum, and their interconnecting white-matter, in both children, and adults (Cupertino et al., 2020;
see Section “Brain structure” section for details in this study).

The fronto-striato-thalamic circuit represents a distributed network linking the caudate,
putamen, thalamus, supplementary motor area, lateral prefrontal cortex, and parietal lobe. The
interpretation of sensory processing deficits within this system requires the analysis of the specific
affected hubs, and their role in shaping the function of the circuit. Cortese et al. (2012) conducted a
meta-analysis of neuroimaging studies in ADHD, integrating structural and functional findings.
They identified consistent abnormalities in fronto-striatal, cerebellar, and parietal regions across
imaging modalities. These alterations were linked to core ADHD symptoms such as inattention,
impulsivity, and hyperactivity. Moreover, a second fronto-striatal circuit seems to be involved in the
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pathological process of ADHD, i.e. the circuit involving the nucleus accumbens and orbitofrontal
cortex (Zaher et al., 2025). In particular, the nucleus accumbens has been shown to be a central player
in the neurobiology of ADHD symptoms, because its involvement in the dopaminergic system, so in
reward processing and motivation, which is often impaired in ADHD (Luman et al., 2005).
Nevertheless, nowadays there is no scientific evidence of the nucleus accumbens involvement in
SPDs pathology. Similarly, while the dorsal and ventral medial prefrontal cortex are involved in
ADHD, there is no study about the correlation between SPDs and their dysfunctions (Dubljevi¢ et al.,
2025). Contrary, amygdala and insula seems to be involved in both SPDs and ADHD. Amygdala in
both the evaluation and response to emotionally salient stimuli and it is essential for the sensory
processing (Zald, 2003; Turner and Herkenham, 1991). For example, it has been delineated a circuit
through which the amygdala exerts top-down influence on early sensory processing via projections
to the locus coeruleus, in relation to the olfactory system. The olfactory bulb does not receive any
direct projections from the amygdala, therefore it influences on early sensory processing through the
locus coeruleus. These results could be potentially shed light in the mechanisms of the sensory
abnormalities (Fast and McGann, 2017). Concerning ADHD, contrasting data are present in the
literature, with evidence of its abnormal activation in emotion processing and facial recognition
(Brotman et al., 2010; Herpertz et al., 2008; Marsh et al., 2008). Adra and colleagues (2021) have
reported in ADHD adults, the positive correlation between both sensory craving and under-
responsivity with the volume of the amygdala volume (Adra et al., 2021). However, studies directly
examining the role of the amygdala in modulating sensory processing within the broader neural
networks of ADHD have not been extensively investigated. Similarly, despite the established role of
the amygdala in sensory processing, research on SPSDs remains considerably more limited than in
ADHD, with no studies to date, to our knowledge, directly investigating amygdala-mediated
modulation of sensory input within the neural circuits underlying these disorders.

Similarly, the insula cortex plays a pivotal role in the emotional valence of the stimulus, being
also a critical hub of the social brain circuit. Indeed, here the social touch is encoded (Grandi, 2016;
Morrison et al., 2011; Olausson et al., 2002; Bjornsdotter et al., 2010). Importantly, it is connected with
the amygdala (Stein et al., 2017; Mufson et al., 1981; Mesulam and Mufson, 1982). There are evidence
of the involvement of the insula in ADHD. For example, Lopez-Larson (2012) have reported bilateral
reduction in anterior insular gray matter volumes in youths with ADHD, in relation to attention and
inhibitory capacity in ADHD. Fateh and colleagues (2022) reported that ADHD patients have
abnormal insular dynamic functional connectivity among distinct brain regions, i.e., left frontal_mid
gyrus, left postcentral gyrus, right of cerebellum crus, thalamus and precuneus (Fateh et tal., 2022).
Nevertheless this study do not taken into account the sensory processing in ADHD. Therefore the
results could be considered with regard, for example, to cognitive and executive functioning,
working memory, learning problems, anxiety-related symptoms, to social-related functions.

Given the social value of the social touch, its sensory component and its processing in the insular
cortex, an interesting review is that of Smirni and colleagues (2019) that evaluated the social touch in
neurodevelopmental disorders (Smirni et al., 2019).

Nevertheless, to our knowledge, studies directly assessing insula-mediated modulation of
sensory input within these neural circuits remain limited. This gap underscores the need for further
research to elucidate how insular dysfunction contributes to the atypical sensory processing and
network-level abnormalities characteristic of ADHD. Research on SPSDs is even less developed, with
no studies to date directly investigating insula modulation of sensory processing in these conditions.
This gap underscores the need for further research to elucidate how insular dysfunction contributes
to atypical sensory processing and network-level abnormalities across neurodevelopmental
disorders.

3.2. Brain Oscillations

Neural oscillations are rhythmic patterns of neural activity originating from single neurons or
from neuronal networks, measured by EEG. At the single-cell level, they are as fluctuations in the
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resting potential or as rhythmic action potentials able to induce post-synaptic oscillatory activity. At
the network level, synchronized neuronal firing produces macroscopic oscillations, which can be
detected through electroencephalography. This oscillatory activity occurs across multiple frequency
intervals, conventionally categorized as delta (2—4 Hz), theta (4-8 Hz), alpha (8-13 Hz), beta (13-40
Hz), and gamma (60-90 Hz). Each frequency band has been associated with distinct functions, both
in physiological and pathological states (Schnitzler et al., 2005; Pevzner et al., 2016). For example, it
has been reported that motor cortex is one of the main locations of genesis of beta waves, leading to
the hypothesis of its involvement in the motor functions (Jasper et al., 1949). Theta oscillations are
associated with different cognitive and physiological functions, as sleep. In line with this association,
theta waves are abnormal in sleep-related diseases, as in the narcolepsy with cataplexy condition
(Vassalli et al., 2013 and 2017). Theta waves seems to be involved also in other functions. For example,
their activity in the midfrontal area seems to be associated with cognitive functions (Cavanagh and
Frank, 2014), being involved in error detection and mental vigilance (Arnau et al., 2017), visual
working memory (Onton et al., 2005, de Vries et al,, 2018), and in the dynamic adjustment of
behavioral performance (Jiang et al., 2018). In the posterior area, theta activity seems to be associated
to the target presentation and goal-directed attention, with a typical lateralization to the contralateral
hemisphere in healthy adults (Kawasaki and Yamaguchi, 2012, Harris et al., 2017). Despite this
evidence, the frontal-posterior theta modulation relationship in children is still object of research.

EEG of children with both SPD and ADHD have showed a reduced midline frontal theta activity
(Guo et al.,, 2020), as well as a greater elevated theta power difference between a task state and the
resting state than typically developing children (Mann et al., 1992). In addition, the theta event-
related synchronization (ERS) in ADHD children seems to be more increased than that in healthy
children during visual working memory tasks (Lenartowicz et al., 2014). Since this evidence, theta
activity is considered a marker of attention abilities captured in real-time and seems to be abnormal
in ADHD in comparison to healthy human subjects. (Anguera et al., 2017).

Another brain activity that seems to be abnormal in ADHD is the alpha activity, despite the
results are not consistent. Alpha waves range from 8 and 13 Hz and it has critical role in cognitive,
psychomotor, psycho-emotional and physiological functions. Nowadays, it still lacks a robust
consensus about the definition and the exact functions, neither in the indices that should be used to
characterize it in physiological and pathological conditions. For example, it has been proposed that
alpha peak frequency could be an endophenotypic marker (Bazanova and Vernon, 2014).

In addition, the posterior alpha modulation was attenuated in covert spatial attention in both
ADHD adults (ter Huurne et al., 2013) and children (Vollebregt et al., 2016; ter Huurne et al., 2013).
Interestingly, seems to be a lateralization since the weakened alpha modulation in children with
ADHD in comparison to healthy control seems to be in one hemisphere, in the situations in which
attention is directed by social cues. In addition, the change in alpha activity seems to be correlated
with inattentive symptoms (Guo et al., 2019).

Another brain oscillation implicated in ADHD is the mu rhythm. Ter Huurne and colleagues
(2017) reported that sensorimotor regions in adults with ADHD fail to exhibit task-related increases
in mu rhythm, indicating impaired inhibition of task-irrelevant sensorimotor areas. This aberrant
modulation of the mu rhythm may reflect dysregulated motor network activity, contributing to the
characteristic hyperactivity and motor disinhibition in ADHD (ter Huurne et al., 2017). Despite
converging evidence suggesting spatial attention deficits in ADHD, findings regarding the
relationship between mu rhythm dynamics and attentional control remain inconsistent, highlighting
the need for further investigation into the functional connectivity of sensorimotor and attentional
networks in this disorder.

3.3. Brain Structure

The study of brain structure, that is, the physical and morphological organization of the brain,
provides essential evidence for distinguishing between physiological and non-physiological states.
Such analyses help clarify whether and how deficits in certain functions during pathological states
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relate to different brain structures compared to physiological conditions. In this paragraph, we
present evidence about the difference between SPD and ADHD brains, in terms of structures and
anatomical features. While the Magnetic Resonance Imaging (MRI) is most frequently used technique
for the study of the brain structure, T1-weighted anatomical imaging is used to highlight the brain
macrostructure and diffusion-tensor imaging is used to assess the brain microstructures (Alexander
et al., 2007).

A substantial body of research has established that individuals with ADHD exhibit notable
structural brain differences compared to neurotypical controls. Neuroanatomical investigations have
consistently reported reductions in total gray matter volume, as well as decreased volumes in the
basal ganglia and cerebellum. Additionally, abnormalities in cortical thickness have been observed
within the cerebellum, alongside diminished volume and cortical thickness in both the frontal and
temporal lobes. Further volumetric alterations have been identified in limbic regions such as the
amygdala and insula. These brain areas are critically involved in executive functioning and emotional
regulation, highlighting the neurobiological underpinnings of the behavioral symptoms commonly
associated with ADHD. Nevertheless, these findings are not consistent across all studies, maybe
because the presence of comorbid disorders in the studied ADHD samples (Villemonteix et al., 2015;
Plessen et al., 2006). Surprisingly, most studies on neuroanatomical correlates of ADHD did not
investigate or report on the presence of comorbidities, and the few studies in ADHD-only samples
were less likely to find volumetric abnormalities in the frontal cortex than studies that included
comorbid individuals (Steven and Haney-Caron, 2012), as well as no volumetric abnormalities in the
amygdala (Plessen et al., 2006). Another structural difference between ADHD and healthy subjects is
the cortical development. Indeed, it has been reported that the maturation to progress in a similar
manner regionally in both children with and without ADHD, with primary sensory areas attaining
peak cortical thickness before polymodal, high-order association areas. However, there was a marked
delay in ADHD in attaining peak thickness throughout most of the cerebrum. The delay was most
prominent in prefrontal regions important for control of cognitive processes including attention and
motor planning (Shaw et al., 2007).

Mark and colleagues (2023) found disrupted white matter microstructure in males with both
SPD and ADHD. In detail, they identified decreased Neurite Density Index (NDI), in 1) projection
tracts, having a role in higher-order sensory functions including multisensory integration; 2) the
retrolenticular limb of the internal capsule, having the somatosensory and auditory radiations; and
3) the posterior limb of the internal capsule and the cerebral peduncles, containing corticobulbar and
corticospinal projection fibers (Mark et al., 2023).

In addition, commissural fibers of the splenium of the corpus callosum also exhibit low NDI in
males with both SPD and ADHD. Chang et al. (2015) observed that white matter in NDI and ODI
increases with age during childhood in healthy subjects (Chang et al., 2015). Therefore, the delay
and/or disruption in its maturation suggests an association between the degree of sensory tract
pathology and the emergence of comorbid ADHD (Mark et al., 2023). In addition, since the
differences in males and females, the study of Mark and colleagues (2023) highlighted also that
hypotheses about the mechanism of ADHD in females with SPD require further studies, since the
small sample size of females with both ADHD and SPD compared to boys (Mark et al., 2023).

Adra and colleagues (2021) examined the relationships between Sensory Over-Responsivity and
intracranial volumes in adults with ADHD, focusing on the basal ganglia, including the caudate
nucleus, putamen, globus pallidus, nucleus accumbens, subthalamic nucleus, and substantia nigra.
These regions are hypothesized to play a role in SPD, as they are involved in sensory processing
(Koziol et al., 2011; LeDoux, 2003). They reported a positive correlation between the amygdala and
Sensory Craving and SUR subscales, and between the striatum and Sensory Under-Responsivity; a
significant negative correlation between the posterior Ventral Diencephalon and Sensory Over-
Responsivity; and a marginally negative correlation between the posterior Ventral Diencephalon and
the Sensory Over-Responsivity subscale (Adra et al., 2021). Since Sensory Over-Responsivity may be
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linked to dysfunction of the dopaminergic network, the evidence from Adra and colleagues (2021)
supports this hypothesis (Schneider et al., 2019).

Cupertino and colleagues (2020) reported the reduction of the volume in frontal lobes, striatum,
and their interconnecting white-matter, in both children, and adults with ADHD (Cupertino et al.,
2020). They used a data-driven multivariate approach, analysing two independent cohorts, i.e. the
Dutch NeuroIMAGE cohort of 17.2 years children and the Brazilian IMpACT cohort of adult ADHD
subjects. The used methods were the tensor-based morphometry (TBM) and the independent
component analysis (ICA), that allow them to optimize sensitivity to the detection of local differences
in both grey- and white-matter tissue and their spatial covariation, in a whole-brain multivariate
analysis. Interestingly, their results indicate that this reduction in volume of the bilateral fronto-
striatal white matter, adjacent to the orbitofrontal cortex, is age-independent, i.e. it is present both in
childhood and in adulthood. These results are of critical importance since demonstrates that even
ADHD has a different clinical profile across the lifespan, also in terms of comorbidity profile (Franke
et al.,, 2018; Gillberg et al., 2004), these changes do not reflect the brain related modifications.

Diffusion Tensor Imaging (DTI) is an advanced neuroimaging technique that quantitatively
assess the integrity of white matter fiber tracts, which play a critical role in neural connectivity and
communication across brain regions. In individuals with ADHD, several studies have reported both
increases and decreases in fractional anisotropy (FA)—a key DTI-derived metric reflecting fiber
density, axonal diameter, and myelination —across multiple white matter clusters. Notably, these
alterations have been observed in regions such as the cingulum bundle, the corpus callosum, and the
left inferior fronto-occipital fasciculus, all of which are implicated in attention regulation, executive
functioning, and interhemispheric communication. Complementary findings from tract-based spatial
statistics (TBSS) analyses further support the presence of widespread white matter abnormalities in
ADHD, often characterized by reduced FA values, suggesting compromised structural connectivity.
In a particularly informative study, Cha et al. (2015) employed tractography —a method that
reconstructs white matter pathways from DTI data—to examine the connectivity profiles of
individuals with ADHD. Their results revealed significant disruptions in prefrontal and striatal
circuits, highlighting altered structural links between regions involved in cognitive control, reward
processing, and behavioral regulation when compared to neurotypical controls.

/Cingulum e

A

.~ Corpus callosum

— Somatosensory
. Cortex

Figure 1. Common brain alteration in ADHD and SPDs (Created in BioRender. Corbo, D. (2025)
https://BioRender.com/Igqx0dz.
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4. Discussion

Understanding the neural substrates underlying different sensory processing features may be
valuable for identifying biomarkers across ADHD subgroups. An important consideration is that
brain structure and function cannot be treated as independent domains, as they are intrinsically
interrelated (Saenz et al., 2019). Recognizing this interdependence is essential for future
investigations, as it may provide a more comprehensive framework for identifying reliable structural
and functional markers of ADHD. Such an integrative approach could ultimately improve diagnostic
precision and enhance our understanding of the neurobiological mechanisms underlying the
disorder.

Although ADHD and SPDs are clinically distinct, emerging evidence suggests partial
neurobiological overlap, particularly in regions involved in sensory modulation, emotional
regulation, and executive control. Both conditions exhibit atypical activity in the prefrontal cortex,
insula, and somatosensory areas, as well as disrupted white matter connectivity, especially in tracts
like the cingulum and corpus callosum. These shared features may underlie common behavioral
manifestations such as distractibility, emotional lability, and sensory over-responsivity.

Beyond fMRI, two other physiological measurements commonly employed are event-related
potentials (ERPs) and somatosensory evoked potentials (SEPs). The P3 component of ERPs is
considered a marker of ADHD, typically exhibiting reduced amplitude and prolonged latency
(Gliven et al.,, 2020). Other studies have reported that ERP components associated with target
selection are delayed in adults with ADHD (Cross-Villasana et al., 2015) and suppressed during
visual search tasks in children with ADHD (Wang et al, 2016). While ERPs are not used
diagnostically for SPDs, they may help discriminate ADHD from SPD, facilitating more accurate
diagnosis.

Regarding SEPs, evidence suggests that children with ADHD exhibit greater impairments in
tactile processing compared to typically developing peers (Hern et al., 1992), with females showing
higher levels of tactile defensiveness than males. Tactile defensiveness is defined as hypersensitive
responses to routine tactile stimulation, characterized by behaviors such as rubbing, scratching,
negative facial expressions, withdrawal, or avoidance (Ayres, 1962; Baranek and Berkson, 1994).
Interestingly, SEP results indicate that these behaviors may be correlated with impairments in central
processing of somatosensory information (Parush et al., 2007). In Parush and colleagues’ study (2007),
SEPs were obtained by delivering brief rectangular electrical stimuli to the median nerve at the wrist,
a procedure activating the primary somatosensory pathway associated with cutaneous sensation.
Stimulus intensity was adjusted to the minimal current required to elicit a thumb twitch (0.2 ms
pulses at approximately 2 Hz) (Parush et al., 2007).

However, while there are common mechanisms between ADHD and SPDs, key differences remain.
ADHD is primarily characterized by dysfunction in fronto-striatal circuits and dopaminergic
pathways, which are central to attention regulation and impulse control. In contrast, SPDs show more
pronounced alterations in thalamocortical and parietal sensory integration networks, reflecting their
core deficit in processing and responding to sensory input. Additionally, neurotransmitter profiles
differ, with ADHD linked to dopamine and norepinephrine dysregulation, while SPDs may involve
atypical glutamatergic or GABAergic signaling [Miller et al. 2009, Cortese et al. 2012].

To the best of our knowledge, this is the first narrative review to specifically address the
neurobiological relationship between ADHD and Sensory Processing Disorders. This perspective
offers a novel contribution to the field by integrating current findings and highlighting potential
overlaps. However, a key limitation remains the scarcity of available studies, which underscores the
need for further research to clarify the mechanisms underlying these conditions and their
interactions.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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5. Conclusions

Taken together, these findings underscore the critical role of integrative neural mechanisms in
shaping sensory processing in ADHD and potentially in SPDs. By combining structural, functional,
and electrophysiological measures, future research can move toward a more precise characterization
of neurobiological subtypes, identify reliable biomarkers, and ultimately inform targeted
interventions. Advancing this integrative approach has the potential to transform both diagnosis and
treatment, bridging the gap between neural circuitry dysfunction and observable sensory and
cognitive deficits in neurodevelopmental disorders.
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