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Abstract

Advanced neuroimaging methods have greatly expanded our understanding of psychiatric disorders by enabling detailed
evaluation of brain structure, function, and connectivity. This review synthesizes findings from major psychiatric
conditions, including schizophrenia, major depressive disorder, bipolar disorder, obsessive—compulsive disorder (OCD),
anxiety disorders, autism spectrum disorder, and attention-deficit/hyperactivity disorder (ADHD). Across disorders,
structural mahnetic resonance imaging (MRI) consistently reveals cortical and subcortical abnormalities, while diffusion
tensor imaging highlights widespread white-matter dysconnectivity. Functional MRI studies demonstrate disorder-
specific but overlapping alterations in network activity, particularly involving prefrontal, limbic, and default mode systems.
Molecular and spectroscopic imaging add complementary insights into neurotransmitter and metabolic disturbances,
including dopaminergic dysfunction in schizophrenia, glutamatergic abnormalities in mood disorders and OCD,
GABAergic deficits in anxiety, and excitatory—inhibitory imbalance in autism and ADHD. Although no single imaging
marker has sufficient specificity for clinical diagnosis, neuroimaging has substantially advanced mechanistic models of
psychiatric iliness. Longitudinal and multimodal approaches reveal developmental trajectories, illness progression, and
treatment effects, such as lithium-related neurotrophic changes in bipolar disorder or normalization of hyperactive circuits
following cognitive behavioral therapy (CBT) in OCD and anxiety disorders. Neuroimaging has transformed the
conceptualization of psychiatric disorders from region-specific abnormalities to distributed network and molecular
dysfunction. While still largely confined to research, ongoing advances in multimodal integration, large-scale
collaborations, and precision imaging approaches hold promise for earlier detection, individualized intervention, and
improved patient outcomes.
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Oz

ileri ndrogoriintileme yontemleri, beyin yapisi, islevi ve baglantisalliginin ayrintili degerlendirilmesini saglayarak psikiyatrik
bozukluklar hakkindaki anlayisimizi blyik dlciide genisletmistir. Bu derleme, sizofreni, major depresif bozukluk, bipolar
bozukluk, obsesif-kompulsif bozukluk (OKB), anksiyete bozukluklar, otizm spekirum bozuklugu ve dikkat
eksikligi/hiperaktivite bozuklugu (DEHB) gibi baslica psikiyatrik durumlara iliskin bulgular sentezlemektedir. Bozukluklar
genelinde, yapisal manyetik rezonans gortntileme (MRI) sirekli olarak kortikal ve subkortikal anormallikler ortaya
koyarken, difiizyon tensdr gériintileme yaygin beyaz madde baglanti bozukluklarini vurgular. Fonksiyonel MRI calismalari,
dzellikle prefrontal, limbik ve varsayllan mod sistemlerini iceren ag aktivitelerinde bozukluga 6zgl ancak ortlisen
degisiklikler gosterir. Molekiler ve spektroskopik goriintileme, ndrotransmitter ve metabolik bozukluklar hakkinda
tamamlayici icgoriler sunar; bunlar arasinda sizofrenide dopaminerjik islev bozuklugu, duygu durum bozukluklari ve
OKB'de glutamaterjik anormallikler, anksiyetede GABAerjik eksiklikler ve otizm ile DEHB'de uyarima-inhibitér dengesizlik
yer alir. Tek bir goriintiileme belirteci klinik tani icin yeterli 8zgullige sahip olmasa da, nérogériintileme psikiyatrik
hastaliklarin mekanistik modellerini 6nemli 6lglide ilerletmistir. Boylamsal ve ¢ok modiu yaklagimlar, gelisimsel
yoriingeleri, hastalik ilerlemesini ve tedavi etkilerini ortaya koyar; 6rnegin, bipolar bozuklukta lityumla iligkili norotrofik
degisiklikler veya OKB ve anksiyete bozukluklarinda bilissel davranisgl terapi (BDT) sonrasi hiperaktif devrelerin
normallesmesi gibi. Norogdrintileme, psikiyatrik bozukluklarin kavramsallastirimasini bolgeye 6zgl anormalliklerden
daha genis ag ve molekiler islev bozukluguna donlstirmugtiir. Halen biylk 6lclide arastirmayla sinirli olsa da, ¢ok
modlu entegrasyon, biytk olcekli is birlikleri ve hassas gorintiileme yaklasimlarindaki devam eden ilerlemeler, daha
erken teshis, bireysellestiriimis midahale ve hasta sonuglarinin iyilestirilmesi icin umut vadetmektedir..
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Introduction

Advanced neuroimaging techniques are currently used to examine the reflections of psychiatric disorders on brain
structure and function. Primarily magnetic resonance imaging (MRI), as well as functional MRI (fMRI), diffusion tensor
imaging (DTI), perfusion MRI, and MR spectroscopy have played a significant role in the investigation of psychiatric
diseases. Through these techniques, structural changes (such as brain volumes and cortical thickness), brain activity
(resting-state and task-based activations), and connectivity (white matter tracts and functional networks) can be
analyzed in detail. In this review, the radiological imaging findings of major psychiatric disorders—including
schizophrenia, major depressive disorder, bipolar disorder, obsessive-compulsive disorder (OCD), anxiety disorders,
autism spectrum disorder (ASD), and attention-deficit/hyperactivity disorder (ADHD)—and the clinical contributions of
these methods to diagnosis, treatment, and follow-up will be discussed.

Schizophrenia

Schizophrenia is a severe psychiatric disorder with complex neurobiological underpinnings. Neuroimaging techniques
have been central in identifying brain abnormalities that contribute to its pathophysiology. Although no single imaging
marker is diagnostic, accumulated evidence supports the view of schizophrenia as a disorder of brain structure,
function, and connectivity (Dabiri et al., 2022; Ray et al., 2024).

Structural MRI studies consistently show ventricular enlargement and gray matter volume reduction, particularly in the
prefrontal cortex, temporal lobes, hippocampus, and thalamus (Howes & Kapur, 2009). Cortical thinning and
progressive gray matter loss have been demonstrated in longitudinal studies, indicating accelerated
neurodegeneration compared to normal aging (Sun et al., 2009). Diffusion tensor imaging (DTI) reveals widespread
white matter abnormalities, especially in frontotemporal tracts and the corpus callosum, supporting the dysconnectivity
hypothesis (Kelly et al., 2018). Functional MRI (fMRI) highlights hypoactivation of the dorsolateral prefrontal cortex
during working memory and attention tasks, often described as “hypofrontality” (Barch & Ceaser, 2012). Resting-state
fMRI reveals hyperconnectivity of the default mode network (DMN) and reduced anti-correlation with task-positive
networks, reflecting impaired cognitive control (Sylvester et al., 2012). Positron emission tomography (PET) has
consistently demonstrated reduced frontal glucose metabolism and increased striatal dopamine synthesis capacity,
reinforcing the dopamine hypothesis (Townsend et al., 2023).

Over the last decade, several innovations have reshaped the field:

1. Multimodal imaging (integrating MRI, PET, EEG) provides converging evidence of combined structural and
functional deficits (Sui et al., 2012).

2. PET tracers targeting synaptic density (e.g. SV2A ligands) show reduced binding in frontal and temporal
regions, suggesting synaptic loss independent of medication effects (Onwordi et al., 2020).

3. Machine learning approaches applied to large imaging datasets (e.g. ENIGMA) aim to classify patients and
predict clinical outcomes, though current accuracy limits clinical application (Vieira et al., 2020).

4. Longitudinal studies suggest that early gray matter changes may predict prognosis, highlighting the potential
of neuroimaging biomarkers for early intervention (Sun et al., 2009); (Phillips & Swartz, 2014).

Clinically, imaging is mainly used to exclude organic causes of psychosis rather than diagnose schizophrenia. Group-
level findings lack specificity for individual patients, and results are influenced by heterogeneity and antipsychotic
exposure (Ray et al., 2024; Ho et al., 2011). Nonetheless, neuroimaging has provided invaluable insights into
pathophysiology and is moving toward translational use in early detection, treatment prediction, and personalized
psychiatry (Vieira et al., 2020; Chitty et al., 2013).

As a conclusion, neuroimaging has advanced the understanding of schizophrenia from structural brain alterations to
network-level dysfunction and synaptic changes. While not yet a routine diagnostic tool, ongoing advances in
multimodal and computational imaging hold promise for future clinical integration.

Major Depressive Disorder

Major Depressive Disorder (MDD) is one of the most prevalent psychiatric ilinesses worldwide. Neuroimaging studies
have provided critical insights into its neurobiological basis, revealing abnormalities in brain structure, function, and
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connectivity. Although neuroimaging is not yet used as a diagnostic tool in routine clinical practice, findings have
shaped theoretical models of depression and hold promise for biomarker development (Arnone et al., 2012; Gong &
He, 2015).

Structural MRI studies in MDD consistently report reduced gray matter volume in key mood-regulating regions,
particularly the hippocampus, anterior cingulate cortex (ACC), and prefrontal cortex (Schmaal et al., 2016).
Hippocampal atrophy has been strongly associated with illness duration and recurrence, suggesting a
neuroprogressive course (Frodl et al., 2008). DTI studies reveal white matter microstructural abnormalities, especially
in the uncinate fasciculus and cingulum bundle, pathways connecting limbic and frontal regions (Gong & He, 2015).

Task-based fMRI has demonstrated hypoactivation of the dorsolateral prefrontal cortex during cognitive control tasks
and hyperactivation of the amygdala in response to negative emotional stimuli (Kupfer et al., 2012). Resting-state fMRI
shows disrupted connectivity within the default mode network (DMN) and between the DMN and cognitive control
networks, consistent with excessive rumination and impaired regulation of negative mood (Mulders et al., 2015).

Recent years have brought important innovations:

1. Multimodal approaches combining structural, functional, and molecular imaging provide integrative views of
brain abnormalities (Nugent et al., 2019).

2. PET ligands targeting serotonin and glutamate receptors have clarified neurotransmitter dysfunction beyond
the monoamine hypothesis (Nikolaus et al., 2017).

3. Machine learning models trained on large neuroimaging datasets have shown moderate success in
distinguishing MDD patients from controls and predicting treatment response (Vieira et al., 2020).

4. Longitudinal studies suggest that pre-treatment imaging patterns, such as amygdala hyperreactivity or
prefrontal hypoactivity, may serve as predictors of clinical outcomes (Phillips & Swartz, 2014; Frodl et al.,
2008).

In clinical psychiatry, imaging is mainly used to rule out organic causes of depressive symptoms. Group-level
abnormalities lack sufficient sensitivity and specificity for diagnosis. Findings are also heterogeneous, influenced by
factors such as comorbidity, medication use, and illness chronicity (Gong & He, 2015; Ichikawa et al., 2016).
Nevertheless, imaging has begun to inform treatment selection—for example, identifying patients more likely to benefit
from cognitive-behavioral therapy versus pharmacotherapy based on neural activation.

As a conclusion, neuroimaging research in MDD has highlighted consistent abnormalities in cortico-limbic circuits,
particularly involving the prefrontal cortex, amygdala, and hippocampus. While current applications remain research-
oriented, advances in multimodal imaging and predictive modeling hold potential for personalized treatment strategies
and biomarker discovery in the future.

Bipolar disorder

Bipolar disorder (BD) involves recurrent mood episodes and significant functional impairment. Neuroimaging has
revealed reproducible abnormalities across cortico-limbic circuits governing emotion regulation, cognition, and reward.
Although no single imaging marker is diagnostic, convergent structural, functional, and molecular findings inform
pathophysiological models and point toward emerging biomarkers (Phillips & Swartz, 2014; Mwangi et al., 2016).

Structural MRI consistently implicates fronto-limbic systems. Meta-analyses and large consortia report cortical
thickness and surface area alterations in prefrontal regions (dorsolateral and ventromedial), anterior cingulate cortex
(ACC), and temporal cortices (Hibar et al., 2018). Subcortical volumetric studies (ENIGMA) show case—control
differences in the hippocampus, thalamus, amygdala, and lateral ventricles, with illness stage, age at onset, and
medication exposure moderating the effects (Hibar et al., 2016). Pediatric-onset BD often shows larger amygdala
volumes, whereas adult samples show smaller or normative amygdala volumes—underscoring developmental
heterogeneity (Bora et al., 2010). Diffusion tensor imaging (DTI) reveals widespread white matter microstructural
abnormalities—most robustly in the corpus callosum, uncinate fasciculus, cingulum bundle, and fronto-temporal
association fibers—supporting a dysconnectivity framework (Nortje et al., 2013). Lithium treatment has been
associated with increased gray matter volume in ACC and hippocampus, consistent with neurotrophic effects (Moore
etal., 2000).
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Task-based fMRI commonly demonstrates hyperactivation of the amygdala and ventral striatum to emotional or
reward-related stimuli and hypoactivation of cognitive control regions (dorsolateral PFC/ACC) during inhibitory control
or working memory tasks (Chen et al., 2011). Resting-state fMRI indicates altered connectivity within and between
the default mode, salience, and fronto-parietal control networks, with mood-state dependence (mania vs. depression)
and trait features both reported (Syan et al., 2018). FDG-PET and perfusion studies converge on state-related
metabolic changes: relative prefrontal hypometabolism during depressive episodes and fronto-limbic hypermetabolism
during mania, with partial normalization after effective treatment (Brooks & Vizueta, 2014). Serotonergic and
dopaminergic PET/SPECT studies further support neurotransmitter dysregulation in BD (Nikolaus et al., 2017).

The latest developments on the subject are as follows:

1. Multimodal approaches integrate structural MRI, fMRI, DTI, MRS, and PET/SPECT to map coordinated
abnormalities across molecular, circuit, and systems levels; simultaneous or longitudinal designs improve
causal inference (Nugent et al., 2019).

2. Synaptic and glial targets: MRS studies demonstrate glutamatergic abnormalities (elevated Glx in ACC/medial
PFC in subgroups), while emerging PET tracers interrogate neuroinflammation and synaptic density, though
findings remain preliminary (Chitty et al., 2013).

3. Machine learning models using large multi-site datasets (including ENIGMA-BD) show moderate accuracy
for BD vs. controls and early signals for predicting mood relapses or treatment response; generalizability and
clinical utility remain limited pending harmonized pipelines and prospective validation (Vieira et al., 2020).

4. Treatment effects: longitudinal  imaging  demonstrates  lithium-associated  increases in
prefrontal/hippocampal volume and task fMRI normalization; ECT produces rapid subcortical and medial
temporal changes paralleling symptom improvement in severe episodes (Moore et al., 2000; Abbott et al.,
2014).

In routine practice, structural imaging serves primarily to exclude organic etiologies of new-onset mood episodes.
Group-level abnormalities lack the sensitivity/specificity for diagnosis in individuals. Heterogeneity (age at onset,
polarity predominance, psychosis, comorbidity, rapid cycling), medication exposure (notably lithium and
antipsychotics), and mood-state effects complicate interpretation (Mwangi et al., 2016; Hibar et al., 2018; Hibar et
al., 2016). Nevertheless, imaging is beginning to inform patient stratification in research—e.g., identifying cortico-
limbic signatures associated with suicidality risk or predicting who responds to lithium vs. antidepressants—hinting
at future roles in precision psychiatry (Vieira et al., 2020; Abbott et al., 2014).

As a conclusion, BD neuroimaging converges on disrupted fronto-limbic structure and connectivity with state- and
trait-dependent functional abnormalities. While not yet diagnostic, advances in multimodal imaging, biologically
informed PET/MRS targets, and robust machine-learning frameworks may yield clinically actionable biomarkers for
prognosis and treatment selection in the coming years.

Obsessive—Compulsive Disorder

Obsessive—compulsive disorder (OCD) is characterized by intrusive thoughts and repetitive behaviors and is
increasingly framed as a disorder of cortico—striato—thalamo—cortical (CSTC) circuitry. Neuroimaging has revealed
convergent structural, functional, and molecular abnormalities within orbitofrontal—anterior cingulate—striatal loops
that support models of impaired cognitive control, excessive error signaling, and maladaptive habit formation (Saxena
& Rauch, 2000; Stein et al., 2019).

Structural MRI meta-analyses report gray-matter alterations in orbitofrontal cortex (OFC), anterior cingulate cortex
(ACC), insula, and temporal regions, alongside subcortical differences in caudate, putamen, and thalamus (de Wit et
al., 2014; Rotge et al., 2008). Effect sizes are modest at the individual-subject level but consistent across cohorts.
Diffusion MRI shows white-matter microstructural abnormalities—most robustly in the anterior limb of the internal
capsule, corpus callosum, cingulum bundle, and fronto-temporal association fibers—supporting a dysconnectivity
framework for OCD (Piras et al., 2013). Developmental heterogeneity is notable: pediatric samples can differ from
adults (e.g., amygdala/striatal volumes), emphasizing the impact of age, illness duration, and treatment exposure
(Rotge et al., 2008; Piras et al., 2013).

Task fMRI consistently demonstrates hyperactivation of OFC/ACC and caudate during symptom provocation, error
monitoring, or conflict tasks, with relative hypoactivation in lateral prefrontal control regions (Stern et al., 2011; Briihl
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et al., 2014). Resting-state fMRI meta-analyses reveal altered connectivity within CSTC loops and network-level
dysconnectivity spanning the default mode, salience, and frontoparietal control networks—patterns linked to
rumination, overactive salience tagging, and impaired top-down regulation (Girsel et al., 2018). Molecular imaging
complements these findings: FDG-PET shows hypermetabolism in OFC and caudate at baseline and normalization
with effective treatment (SSRIs or CBT), one of the clearest brain—behavior—treatment links in psychiatry (Baxter et al.,
1992; Schwartz et al., 1996). TH-MRS studies frequently implicate glutamatergic abnormalities in ACC/striatal nodes
in subsets of patients, consistent with glutamate-modulating treatment strategies (Brennan et al., 2013).

The recent developments on the subject are as follows:

1. Multimodal integration: Combined sMRI/fMRI/DTI/MRS and, where available, PET provide convergent
evidence of CSTC dysfunction and its extension to large-scale networks; longitudinal and symptom-
provocation designs strengthen causal inference (Nugent et al., 2019).

2. Circuit-targeted neuromodulation: Imaging has guided deep brain stimulation (DBS) targeting the ventral
capsule/ventral striatum (VC/VS) and related nodes; DBS can restore frontostriatal dynamics in responders
(Figee et al., 2013; Denys et al., 2010). Deep TMS of dorsomedial PFC/ACC also shows randomized-trial
efficacy, paralleling modulation of control—salience circuitry (Carmi et al., 2019).

3. Predictive modeling: Machine-learning studies using multi-site datasets report above-chance classification
of OCD vs. controls and early signals for predicting CBT/SSRI response, though generalizability remains
limited pending harmonized pipelines and prospective validation (Nugent et al., 2019).

In practice, neuroimaging primarily serves to exclude organic etiologies of new-onset compulsive symptoms; no scan
is diagnostic of OCD at the individual level. Group-level effects are small and influenced by comorbidity, symptom
dimensions, medication status, developmental stage, and state (on/off provocation) (Saxena & Rauch, 2000; Stein et
al., 2019; de Wit et al., 2014). Nevertheless, imaging informs mechanism-based care: (i) it supports glutamatergic
targets, (i) provides objective biomarkers of target engagement for CBT/SSRI/DBS/TMS, and (iii) enables circuit-guided
neuromodulation trials (Nugent et al., 2019; Baxter et al., 1992; Schwartz et al., 1996; Figee et al., 2013; Denys et
al., 2010; Carmi et al., 2019).

As a conclusion; across modalities, OCD converges on fronto-striatal-thalamo—cortical dysregulation with broader
network-level alterations. While not yet a clinical diagnostic tool, advances in multimodal imaging, circuit-based
neuromodulation, and robust predictive modeling are moving the field toward precision psychiatry for 0CD—Iinking
symptoms to circuits and treatments in ways that can ultimately improve outcomes (Nugent et al., 2019; Saxena &
Rauch, 2000; Girsel et al., 2018; Figee et al., 2013; Denys et al., 2010; Carmi et al., 2019).

Anxiety Disorders

Anxiety disorders (including generalized anxiety disorder, panic disorder, social anxiety disorder, and specific phobias)
are increasingly conceptualized as disorders of cortico—limbic circuitry. Neuroimaging has identified convergent
abnormalities in amygdala—hippocampal—insula systems and in prefrontal control networks that regulate threat
appraisal, interoception, and emotion regulation. Although no single imaging marker is diagnostic, group-level findings
have clarified core pathophysiology and are beginning to inform biomarkers for prognosis and treatment selection
(Bishop, 2007; Etkin & Wager, 2007).

Structural MRI studies report modest but reliable gray-matter alterations across anxiety disorders, with effects centered
on the anterior cingulate cortex (ACC), insula, and medial/dorsolateral prefrontal cortex (mPFC/dIPFC), and condition-
specific differences in amygdala and hippocampus (Mwangi et al., 2016; Kim & Whalen, 2009). Diffusion MRI
highlights white-matter microstructural differences in tracts linking limbic and prefrontal regions—most notably the
uncinate fasciculus and cingulum bundle—supporting a dysconnectivity framework for anxiety (Hart et al., 2013).
Developmental and clinical heterogeneity (age, illness duration, comorbidity, medication) moderate effect sizes,
underscoring the need for large multi-site samples and harmonized methods (Mwangi et al., 2016; Etkin & Wager,
2007).

Task-based fMRI consistently demonstrates amygdala and insula hyperreactivity to threat-related cues and reduced
recruitment of prefrontal control regions (dIPFC/ventromedial PFC) during regulation or cognitive control, aligning with
models of impaired top-down inhibition of limbic responses (Etkin & Wager, 2007; Kim & Whalen, 2009; Fox &
Shackman, 2019). Resting-state fMRI shows altered connectivity within and between large-scale networks—salience,
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default mode, and frontoparietal control—with increased coupling of limbic nodes to salience/DMN hubs and reduced
integration with control networks (Sylvester et al., 2012; Etkin & Wager, 2007). Human imaging of the bed nucleus of
the stria terminalis (BNST) differentiates sustained anxiety from acute fear and reveals dysregulated extended-
amygdala circuitry in anxious individuals (Kim & Whalen, 2009). Molecular imaging adds neurochemical context:
PET/SPECT studies report reduced GABA-A receptor binding (e.g., with [11C]-flumazenil) and altered 5-HT1A binding,
alongside regional metabolic differences on FDG-PET in limbic and prefrontal cortices (Malizia et al., 1998; Nutt &
Malizia, 2001; Goddard et al., 2001). Proton MRS studies frequently show lower cortical GABA concentrations in
subsets of patients (e.g., panic disorder, GAD), consistent with inhibitory tone deficits (Goddard et al., 2001).

Recent advances in neuroimaging of anxiety disorders: are:

1. Multimodal integration and consortia; Combined sMRI/fMRI/DTI/MRS and meta-analytic/mega-analytic
efforts clarify convergent abnormalities across modalities and diagnoses; network- and connectome-level
models have refined transdiagnostic mechanisms (Mwangi et al., 2016; Etkin & Wager, 2007).

2. Threat learning and BNST-focused paradigms: High-resolution imaging and computational models dissociate
phasic fear (amygdala) from sustained anxiety (BNST), linking individual differences in avoidance and
intolerance of uncertainty to extended-amygdala dynamics (Kim & Whalen, 2009).

3. Biomarkers and prediction: Machine-learning models trained on multi-site imaging have achieved above-
chance classification of anxiety vs. controls and show early promise for predicting CBT or pharmacotherapy
response, though generalizability remains a key limitation pending prospective validation and standardized
pipelines (Sylvester et al., 2012; Etkin & Wager, 2007).

4. Treatment mechanisms and neuromodulation: Longitudinal fMRI demonstrates normalization of
amygdala/insula hyperreactivity after effective CBT or SSRI treatment in social anxiety and panic disorder;
randomized and sham-controlled trials of rTMS targeting prefrontal control hubs (e.g., dIPFC/dmPFC) report
symptom reductions in GAD and SAD, paralleling modulation of control—salience circuitry (Malizia et al.,
1998; Nutt & Malizia, 2001; Goddard et al., 2001).

In routine practice, structural imaging is used primarily to exclude organic etiologies of new-onset anxiety symptoms;
no scan is diagnostic at the individual level. Group effects are small-to-moderate and influenced by symptom
dimensions (e.g., fear vs. distress), state (provoked vs. resting), comorbidity, and medication exposure (Mwangi et al.,
2016; Carmi et al., 2019; Bishop, 2007; Etkin & Wager, 2007; Nutt & Malizia, 2001; Goddard et al., 2001).
Nevertheless, neuroimaging informs mechanism-based care: (i) it supports inhibitory (GABA) and serotonergic targets,
(i) provides objective markers of target engagement for CBT/SSRI/FTMS, and (i) enables circuit-guided
neuromodulation research. Ongoing work toward robust, generalizable predictive signatures and individualized circuit
targets holds promise for precision psychiatry in anxiety disorders (Sylvester et al., 2012; Etkin & Wager, 2007; Malizia
etal., 1998; Nutt & Malizia, 2001; Goddard et al., 2001).

As a conclusion; across modalities, anxiety disorders converge on heightened limbic/salience reactivity and weakened
prefrontal control, with network-level dysconnectivity linking symptoms to circuits for threat processing, interoception,
and regulation. While not yet a clinical diagnostic tool, advances in multimodal imaging, BNST-focused paradigms,
and predictive modeling are moving the field toward actionable biomarkers for prognosis and treatment selection
(Sylvester et al., 2012; Bishop, 2007; Etkin & Wager, 2007; Kim & Whalen, 2009; Malizia et al., 1998; Nutt & Malizia,
2001; Goddard et al., 2001).

Autism Spectrum Disorder

Autism Spectrum Disorder (ASD) is a heterogeneous neurodevelopmental condition characterized by social-
communication differences and restricted, repetitive behaviors. Contemporary models emphasize atypical
development of large-scale brain networks—especially social cognition, salience/interoception, and cognitive
control—and altered excitation—inhibition balance. Neuroimaging has identified convergent structural, functional, and
molecular abnormalities, while also highlighting considerable inter-individual variability. No imaging marker is
diagnostic at the individual level, but group-level findings have informed mechanistic accounts and point toward
emerging biomarkers (Ecker et al., 2015; Ameis & Catani, 2015).

Structural MRI studies report small-to-moderate differences in gray matter and cortical morphology across distributed
regions, including prefrontal, temporal (superior temporal sulcus/temporal pole), insular, and cingulate cortices, as
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well as cerebellum; effects vary with age, sex, 1Q, and symptom profile (Ecker et al., 2015; Ameis & Catani, 2015;
Nomi & Uddin, 2015). Diffusion MRI demonstrates widespread white-matter microstructural differences—maost
consistently within long association pathways (e.g., uncinate fasciculus, cingulum, superior longitudinal fasciculus)
and callosal fibers—supporting a dysconnectivity framework (Nomi & Uddin, 2015). A key developmental observation
is early brain overgrowth in a subset of infants who later develop ASD, driven particularly by accelerated cortical
surface area expansion during the first year of life (Hazlett et al., 2017). Subcortical volumetry findings are mixed;
amygdala differences appear age-dependent (enlarged in some pediatric samples, more variable in adults), consistent
with developmental heterogeneity (Ecker et al., 2015). Overall, large consortia and meta-analyses indicate that case—
control anatomical effects are subtle and moderated by sampling and motion artifacts, underscoring the need for
harmonized, multi-site approaches (Ameis & Catani, 2015).

Task-based fMRI frequently shows reduced activation in social perception networks (e.g., temporo-parietal junction,
posterior superior temporal sulcus, fusiform face area) and atypical amygdala responsivity to socio-emotional cues,
together with altered recruitment of prefrontal control regions during executive or language tasks (Ecker et al., 2015;
Di Martino et al., 2014; Just et al., 2012). Resting-state fMRI highlights atypical functional connectivity: many studies
report reduced long-range fronto-posterior coupling with relative increases in local connectivity, aligning with
underconnectivity accounts (Di Martino et al., 2014). Large open datasets (e.g., ABIDE) reveal reproducible alterations
within the default mode, salience/interoceptive, and sensorimotor networks, but also substantial heterogeneity across
individuals and sites (Just et al., 2012). Beyond BOLD, electrophysiology (EEG/MEG) demonstrates atypical oscillatory
dynamics (e.g., reduced gamma-band synchrony) during sensory and social processing, consistent with impaired
temporal coordination of distributed networks (Ecker et al., 2015).

Magnetic resonance spectroscopy (1H-MRS) and molecular imaging suggest excitation—inhibition imbalance in
subsets of individuals with ASD. Regional MRS studies report altered GABA and glutamate/glutamine (GlIx) levels in
anterior cingulate, medial prefrontal, and sensorimotor cortices, while PET imaging with the GABA-A-specific ligand
[11C]Ro15-4513 indicates reduced GABA-A receptor availability in cortical and limbic regions (Aoki et al., 2018;
Ajram et al., 2017). Although findings vary by age and methodology, convergent evidence supports abnormalities in
inhibitory signaling that may contribute to sensory hyper-/hypo-reactivity and social-cognitive differences (Ecker et al.,
2015; (Aoki et al., 2018; Ajram et al., 2017).

Recent advances in neuroimaging of autism spectrum disorder are:

1. Large-scale consortia and open science: Initiatives such as ABIDE enable harmonized analyses across
thousands of scans, improving reproducibility and quantification of heterogeneity; connectome-level models
clarify transdiagnostic vs. autism-specific effects (Ameis & Catani, 2015; Just et al., 2012).

2. Normative modeling and subtyping: Data-driven approaches move beyond average case—control contrasts
to identify individual-level deviations and neurobiological subtypes that map to symptom dimensions,
developmental stage, and co-occurring conditions (Ameis & Catani, 2015).

3. Developmental and longitudinal designs: Infant-sibling cohorts and serial imaging demonstrate that early
surface-area expansion and network reconfiguration precede behavioral diagnosis, offering avenues for early
risk stratification (Hazlett et al., 2017).

4. Mechanism-to-treatment bridges: Imaging readouts are increasingly used as biomarkers of target
engagement in trials (e.g., modulation of social/attention networks with behavioral interventions;
pharmacologic modulation of E/I balance), and machine-learning models show above-chance prediction of
individual phenotypes and outcomes—though clinical utility awaits prospective validation (Ameis & Catani,
2015; Just et al., 2012; Aoki et al., 2018).

In clinical practice, neuroimaging is used primarily to exclude alternative/organic etiologies (e.g., structural
malformations, lesions) rather than to diagnose ASD. Group-level effects are small, heterogeneous, and sensitive to
confounds (motion, sedation, comorbidity, medication), limiting individual-level inference (Ecker et al., 2015; Ameis &
Catani, 2015). However, neuroimaging has reshaped mechanistic understanding by highlighting social brain network
differences, atypical salience/interoception, sensorimotor contributions, and E/I imbalance, and is poised to aid
psychiatry through individualized profiling, stratified trials, and objective markers of treatment engagement (Ameis &
Catani, 2015; Just et al., 2012; Aoki et al., 2018; Ajram et al., 2017).

As a conclusion; across modalities, ASD converges on distributed network dysconnectivity and imbalanced excitatory-
inhibitory signaling with marked developmental heterogeneity. While not yet a diagnostic tool, advances in large-scale
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datasets, normative modeling, and mechanism-linked biomarkers are accelerating translation toward earlier risk
identification and tailored interventions (Ecker et al., 2015; Ameis & Catani, 2015; Hazlett et al., 2017; Just et al.,
2012; Aoki et al., 2018; Ajram et al., 2017).

Attention-Deficit/Hyperactivity Disorder

ADHD is a prevalent neurodevelopmental disorder marked by inattention and/or hyperactivity-impulsivity.
Contemporary models emphasize dysfunction across fronto-striato-cerebellar circuits and large-scale networks
(default mode, salience, and frontoparietal control). Neuroimaging has revealed convergent structural, functional, and
molecular differences at the group level, though no marker is diagnostic in individuals (Castellanos & Proal, 2012;
Cortese et al., 2012).

Structural MRI meta-analyses and consortia studies report subtle but reliable anatomical differences in ADHD. The
ENIGMA-ADHD mega-analysis identified small reductions in subcortical volumes (notably nucleus accumbens,
caudate, putamen, and hippocampus) with the largest effects in children and attenuated differences in adults
(Hoogman et al., 2017). Cortical morphology studies show region-specific differences in thickness/surface area within
prefrontal, cingulate, and temporal cortices; developmental work demonstrates a relative delay in cortical
maturation—particularly in prefrontal regions—during childhood (Hoogman et al., 2019; Shaw et al., 2007). Diffusion
MRI indicates widespread white-matter microstructural alterations across callosal fibers and fronto-limbic association
tracts (e.g., uncinate fasciculus, cingulum, superior longitudinal fasciculus), consistent with a dysconnectivity
framework (van Ewijk et al., 2012). Effect sizes are modest and moderated by age, symptom profile, comorbidity, and
medication exposure (Hoogman et al., 2017; van Ewijk et al., 2012).

Task-based fMRI consistently shows reduced recruitment of right inferior frontal gyrus and dorsal anterior cingulate
during inhibitory control and cognitive control tasks, along with altered activation in striatal and cerebellar nodes; these
patterns align with impaired response inhibition and timing (Hart et al., 2013; Rubia et al., 2010). Resting-state fMRI
reveals atypical interactions among large-scale networks—nhyperconnectivity within the default mode network (DMN),
reduced anti-correlation between DMN and task-positive networks, and altered salience-to-control coupling—
supporting accounts of mind-wandering and variable attentional control (Castellanos & Proal, 2012; Fair et al., 2010).
Molecular imaging studies (PET/SPECT) implicate catecholaminergic systems: abnormalities in dopamine
transporter/receptor measures and fronto-striatal glucose metabolism have been reported, consistent with stimulant
mechanisms (Ichikawa et al., 2016; Volkow et al., 2009; Wang et al., 2015). Proton MRS studies suggest alterations
in glutamate/GABA balance in prefrontal-striatal circuits in subsets of patients, though findings are heterogeneous
(Vidor et al., 2022).

Recent advances about ADHD are:

1. Multimodal and consortium science: Large, harmonized datasets (e.g., ENIGMA-ADHD) integrate sMRI,
cortical metrics, diffusion, and functional measures, improving power and developmental modeling
(Hoogman et al., 2017; Shaw et al., 2007).

2. Developmental trajectories and normative modeling: Longitudinal work maps delayed cortical maturation and
evolving network organization; normative-deviation approaches quantify individual differences beyond
average case—control effects (Hoogman et al., 2019; van Ewijk et al., 2012; Volkow et al., 2009).

3. Mechanisms of treatment: Pharmacological fMRI shows partial normalization of fronto-striatal activation and
DMN control after methylphenidate or atomoxetine; connectomic changes correlate with symptom
improvement (Hart et al., 2013; Wang et al., 2015).

4. Predictive modeling: Machine-learning studies achieve above-chance classification and early prediction of
treatment response/clinical course using multivariate imaging features, though generalizability remains
limited pending prospective validation and motion-artifact control (Cortese et al., 2012; Vidor et al., 2022).

In clinical practice, neuroimaging is used mainly to exclude alternative/organic etiologies; no scan is diagnostic for
ADHD. Group-level effects are small and influenced by motion, comorbidity (e.g., learning disorders, anxiety),
developmental stage, and medication status. Heterogeneity—both biological and phenotypic—Ilimits single-modality
biomarkers. Nevertheless, imaging has refined mechanistic models (fronto-striatal and network-level dysconnectivity),
informed treatment mechanisms, and is advancing toward precision psychiatry through multimodal integration and
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normative, developmentally sensitive analyses (Hart et al., 2013; Castellanos & Proal, 2012; Cortese et al., 2012;
Hoogman et al., 2017; Shaw et al., 2007; Volkow et al., 2009; Wang et al., 2015; Vidor et al., 2022).

As a conclusion; across modalities, ADHD converges on fronto-striatal-cerebellar dysfunction and large-scale network
dysregulation with developmental delay in cortical maturation. While not yet clinically diagnostic, advances in
consortium-scale datasets, multimodal modeling, and treatment-mechanism imaging are paving the way for
individualized risk stratification and treatment optimization (Hart et al., 2013; Castellanos & Proal, 2012; Cortese et
al., 2012; Hoogman et al., 2017; Shaw et al., 2007; Volkow et al., 2009; Wang et al., 2015; Vidor et al., 2022).

Conclusion

This review demonstrates that advanced neuroimaging methods—including structural MRI, functional MRI, diffusion
imaging, spectroscopy, and molecular imaging—nhave significantly enriched our understanding of major psychiatric
disorders. Across conditions such as schizophrenia, major depressive disorder, bipolar disorder, obsessive—
compulsive disorder, anxiety disorders, autism spectrum disorder, and attention-deficit/hyperactivity disorder,
convergent findings consistently implicate abnormalities in fronto-limbic, cortico-striatal, and large-scale network
systems. These results support transdiagnostic models emphasizing dysconnectivity, excitatory—inhibitory imbalance,
and impaired top-down regulation as shared neurobiological mechanisms.

From a clinical perspective, neuroimaging has moved far beyond its initial role of excluding organic pathology. Although
still not diagnostic at the individual level, imaging has refined theoretical models, identified potential biomarkers for
disease course and treatment response, and informed the development of novel therapeutic strategies. Examples
include circuit-guided neuromodulation in OCD, predictive modeling of antidepressant response in depression, and
normative developmental mapping in ADHD and autism. Importantly, longitudinal and multimodal approaches highlight
the dynamic nature of psychiatric illnesses, with brain alterations evolving across illness stages and treatment
exposures.

Future research should prioritize harmonization across sites, the use of large-scale consortia, and integration of
multimodal and computational methods. Normative modeling, machine learning, and personalized profiling
approaches are particularly promising to move imaging findings from group-level research into actionable clinical
tools. Moreover, linking neuroimaging readouts to molecular and behavioral data will be essential to build
comprehensive models of disease mechanisms and to guide precision psychiatry.

In conclusion, neuroimaging has transformed psychiatry by uncovering consistent structural, functional, and
neurochemical alterations across a range of disorders. While clinical translation remains incomplete, advances in
large-scale data integration, predictive modeling, and circuit-based interventions are paving the way for earlier
diagnosis, individualized treatment strategies, and improved patient outcomes.
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