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Abstract

Psychiatric diagnoses remain largely reliant on clinical observation and self-report, lacking validated
biological markers to ensure reliability and specificity. Neuroimaging has emerged as a critical tool
to bridge this gap by enabling in vivo assessment of brain structure, connectivity, and
neurochemistry. Structural modalities such as MRI and diffusion tensor imaging (DTI) have
illuminated consistent alterations in cortical and white-matter networks across schizophrenia,
obsessive-compulsive disorder, bipolar disorder, and major depressive disorder, offering insights
into shared and disorder-specific pathophysiology. Functional imaging techniques —including fMRI,
PET, and SPECT—have further delineated dysconnectivity in key circuits and neurotransmitter
abnormalities, reinforcing a network-based model of mental illness. While neuroimaging currently
lacks diagnostic specificity for individual patients, its integration with machine learning, genetics,
and multimodal biomarkers holds promise for precision psychiatry. Future directions emphasize
large-scale harmonized datasets, multimodal fusion, and Al-assisted analysis to develop clinically
meaningful biomarkers that can guide diagnosis, predict treatment response, and inform targeted
neuromodulation strategies. Neuroimaging thus represents a transformative frontier linking
neuroscience and psychiatric practice.

Keywords: neuroimaging; neuronavigation; precision psychiatry

1. Introduction

Psychiatric disorders continue to be diagnosed primarily through clinical interviews and
observation of behaviour, emotions, and subjective experiences. In the absence of validated biological
markers, our diagnostic systems struggle with issues of reliability, stability, and specificity, leading
to heterogeneity within disorders and overlap across them. This diagnostic uncertainty not only
limits individualized treatment decisions but also poses challenges for psychiatric research, risk
stratification, and prognostication. [1]

Neuroimaging has become a key tool in addressing these limitations by enabling direct study of
the living human brain. It allows measurement of brain structure, network dynamics, and
neurochemical processes and offers a framework to connect clinical symptoms with underlying
neural mechanisms. Although neuroimaging has transformed research in psychiatry, current
evidence does not yet support its independent diagnostic use in clinical practice as highlighted by
the APA in the DSM 5. [2]

Ongoing progress in magnetic resonance imaging, diffusion imaging, functional imaging,
molecular and spectroscopic techniques, and multimodal data integration is moving psychiatry
toward a more biologically informed discipline. This seminar will examine the role of neuroimaging
in psychiatry in two major parts. The first section focuses on structural imaging techniques that map
morphology and white matter pathways. The second discusses functional imaging approaches that
assess brain activity and physiological processes. Together these perspectives illustrate how imaging
can advance the future development of clinically meaningful biomarkers.
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2. Structural Neuroimaging

Structural neuroimaging serves as the foundational tool for evaluating the brain in psychiatric
practice. CT and MRI are widely accessible modalities that support clinical decision-making by
detecting conditions that may mimic or contribute to psychiatric presentations. They are particularly
valuable in scenarios such as late-onset psychosis, rapidly progressive cognitive or behavioural
change, suspected neurodegeneration, seizure-related behavioural alterations, traumatic brain injury
(TBI) etc., In these contexts, imaging helps identify focal lesions, vascular pathology, white-matter
disease, developmental abnormalities, or neurodegenerative processes, ensuring that treatable
organic causes are not overlooked. [3]

MRI has extended well beyond conventional anatomical imaging to include sequences that
assess multiple aspects of brain structure and tissue integrity. Fluid-attenuated inversion recovery
(FLAIR) improves visualization of demyelination and gliotic changes, diffusion-weighted imaging
(DWI) detects acute ischemia and cellular injury, and MR angiography assesses vascular
abnormalities. Among the most significant advances is diffusion tensor imaging (DTI), which
measures the directional diffusion of water molecules along axonal pathways. Through metrics such
as fractional anisotropy and mean diffusivity, DTI provides a noninvasive assessment of white-
matter microstructure and connectivity that is not apparent on routine scans, enabling detection of
subtle injuries such as diffuse axonal injury in traumatic brain injury, as well as alterations associated
with psychiatric disorders. [4]

Beyond its clinical applications, structural neuroimaging has played a central role in shaping
modern understanding of the neurobiology of mental illness. By quantifying cortical thickness, grey-
matter volumes, and white-matter connectivity, it has identified reproducible alterations in key brain
circuits relevant to symptom domains across disorders. To illustrate the insights gained, we will focus
on four psychiatric conditions with the strongest structural imaging evidence base - schizophrenia,
obsessive-compulsive disorder, bipolar disorder, and major depressive disorder, where advances in
structural MRI and DTI have been particularly informative.

2.1. Understanding the Neurobiological Basis of Psychiatric Disorders
2.1.1. Schizophrenia

The most consistent and replicated structural abnormality reported in schizophrenia is
enlargement of the lateral and third ventricles. Meta analytic data in early onset schizophrenia further
demonstrate robust grey matter volume reductions in the right superior temporal gyrus, the middle
temporal gyrus, and the temporal pole which are regions critically involved in auditory processing,
language integration, and socio emotional perception. [5]

Within the superior temporal gyrus, subregions such as Heschl's gyrus and the planum
temporale show significant volume loss and this finding has been repeatedly associated with the
occurrence of auditory verbal hallucinations and related perceptual disturbances. Involvement
extending into the rolandic operculum suggests altered auditory feedback mechanisms that may
contribute to the persistence of hallucinatory experiences.

The middle temporal gyrus supports semantic processing, language comprehension, and
aspects of social cognition and its atrophy correlates with communication difficulties and broader
cognitive impairments in schizophrenia. Reduction in the temporal pole which is important for the
integration of emotional and social information aligns with impaired social functioning that is
commonly observed in the disorder. Several studies have also demonstrated reduced grey matter
volume in mesial temporal and limbic structures. With progression of illness, grey matter loss has
been noted in frontal regions particularly the prefrontal cortex which has been linked to the
emergence of negative symptoms and cognitive decline. [6]

Taken together, the convergence of these structural alterations in temporal associative and
limbic regions helps explain key clinical features of schizophrenia including auditory hallucinations,
disorganization, and socio emotional deficits. [7]
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The ENIGMA Schizophrenia DTI Working Group has demonstrated pronounced reductions in
fractional anisotropy involving major association and projection fiber pathways including the
anterior corona radiata, corpus callosum, and cingulum bundle. These findings remain consistent
across international cohorts which supports the concept of schizophrenia as a disorder characterized
by diffuse impairment of white matter connectivity rather than isolated tract involvement. Such
“dysconnectivity” provides a neural basis for the cognitive and clinical symptoms seen in the
disorder including deficits in information integration, executive functioning, and overall functional
outcomes. [8]

2.1.2. Obsessive Compulsive Disorder

Meta analytic studies in obsessive compulsive disorder consistently demonstrate a pattern of
increased grey matter volume in the thalamus, striatum, and cerebellum, along with reductions in
medial prefrontal cortex, anterior cingulate cortex, insula, orbitofrontal cortex, and precentral gyrus.
These findings reflect an imbalance between overactive habit and salience circuits and reduced
capacity of control networks. The involvement of medial prefrontal cortex and anterior cingulate
cortex suggests impaired top down regulation and reduced cognitive flexibility. Volume reductions
in the insula, a region essential for integrating emotional and interoceptive signals, may contribute
to heightened internal distress and intrusive urges. Importantly, anterior cingulate cortex volume
loss correlates with illness duration which suggests progressive disruption in conflict monitoring and
cognitive control mechanisms. Together, these structural abnormalities align with the core clinical
picture of obsessive compulsive disorder including excessive internal salience, compulsive repetition,
and difficulty inhibiting maladaptive responses. [9]

The ENIGMA OCD Working Group has identified distinct neuroanatomical features among
adult patients. These include subcortical volume abnormalities such as smaller hippocampal volumes
and relatively larger pallidal volumes. Cortical involvement includes thinning in the bilateral inferior
parietal cortex and reduced surface area in the left transverse temporal region. Diffusion based
measures show reduced fractional anisotropy and increased radial diffusivity in the sagittal stratum
and posterior thalamic radiation along with increased mean diffusivity in the sagittal stratum. [10]

In pediatric obsessive compulsive disorder, the structural alterations partially overlap with
those seen in adults but with additional regions affected. Children with obsessive compulsive
disorder demonstrate cortical thinning in the left inferior parietal cortex, both superior parietal
cortices, and the left lateral occipital cortex which are not observed in adult cohorts. This indicates
developmental variability in the involvement of associative cortices and suggests that structural brain
alterations may follow age specific trajectories in this disorder. [11]

DTI studies in obsessive compulsive disorder also report subtle and widespread disruptions of
white matter microstructure involving major commissural and projection fibers including the corpus
callosum, internal capsule, and posterior thalamic radiation. These findings support the notion of
diffuse dysconnectivity among cortical subcortical networks although site and medication effects
require cautious interpretation and the results are not yet sufficiently robust to allow diagnostic level
prediction. [12]

2.1.3. Bipolar Disorder

Structural neuroimaging studies in bipolar disorder consistently demonstrate grey matter
volume reductions in the hippocampus and prefrontal cortical regions which are areas critically
involved in emotional regulation, memory processing, and cognitive control. These alterations may
reflect the effects of neuroinflammation and microglial activation in some patients although
medication exposure has also been implicated which highlights the complex interplay between
underlying disease biology and treatment influences. The variability in hippocampal findings across
individuals along with associations reported with sex specific mood and cognitive profiles indicates
considerable heterogeneity in the disorder. Together, these structural changes within limbic and
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prefrontal circuits align with the affective instability and executive dysfunction that characterise
bipolar disorder. [13]

Findings from the ENIGMA Bipolar Disorder Working Group show localised and progressive
cortical thinning that is most evident in frontal and temporal regions. In parallel, lithium treatment
has been associated with relative preservation of cortical thickness which suggests a potential
neuroprotective effect. These observations support a model in which bipolar disorder involves
selective vulnerability in interconnected networks rather than diffuse and global atrophy. [14]

DTI studies have reported widespread disruptions in white matter microstructure affecting all
major classes of tracts with the most consistent reductions in fractional anisotropy observed in long
association pathways particularly in right posterior white matter and anterior cingulate regions. [15]

Further evidence of dysconnectivity comes from reductions in fractional anisotropy within
fronto limbic pathways including the anterior cingulum, corpus callosum, and prefrontal white
matter tracts which may contribute to impaired modulation of emotional responses and difficulties
in maintaining cognitive control during mood episodes. [16]

2.1.4. Major Depressive Disorder

Recent meta-analytic studies show that major depressive disorder is associated with grey matter
reductions in the anterior cingulate cortex, medial prefrontal cortex, hippocampus, amygdala, and
insula. These regions play key roles in emotion regulation, stress responsivity, and self-related
processing. Atrophy of the anterior cingulate cortex and medial prefrontal cortex has been associated
with increased rumination and reduced capacity to regulate negative affect. Hippocampal volume
loss is linked to the effects of chronic stress and correlates with memory disturbances. Reductions in
amygdala and insula volumes reflect disruptions in emotional salience processing and altered
perception of bodily and internal states. Together, these findings indicate that major depressive
disorder involves impaired integration between cognitive control regions and limbic emotional
circuits which aligns with the characteristic experiences of persistent negative mood and diminished
self-regulation in depression. [17]

Results from the ENIGMA Major Depressive Disorder Working Group demonstrate consistent
hippocampal and fronto-limbic abnormalities that correlate with illness burden which supports the
conceptualisation of depression as a network level disorder involving disrupted communication
within emotion regulation systems. [18]

Some studies have proposed that antidepressant treatment may promote recovery of
hippocampal structure which raises important questions about neuroplasticity in the course of
depression. [19]

White matter studies in depression have found that the regions that most strongly contributed
to the global effect of lower FA were regions of the corona radiata and corpus callosum and anterior
limb of internal capsule, suggesting interhemispheric and fronto-subcortical network disruption. [20]

2.2. Application Beyond Understanding Neurobiology

In psychiatric research neuroimaging has moved beyond merely elucidating the
pathophysiology of psychiatric disorders to informing prognosis and guiding interventions and
treatments. Structural imaging allows for the identification of biomarkers that predict treatment
response and recovery trajectories, offering a window into individualized outcomes. Importantly,
these insights are shaping the application of targeted neuromodulation techniques, such as rTMS,
tDCS, and DBS- by precisely localizing cortical and subcortical nodes within mood, obsessional, and
psychotic circuits.

2.2.1. Prediction of High Risk

Structural MRI is being explored as a tool to predict which individuals at clinical high risk may
progress to psychosis. Reductions in grey matter volume within the hippocampus, medial prefrontal
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cortex, and temporal cortices have been associated with a higher likelihood of later conversion.
Machine learning models that incorporate these imaging features along with clinical and cognitive
data have demonstrated improved accuracy in identifying those at greatest risk. [21]

2.2.2. Guiding Interventions

Structural magnetic resonance imaging (sMRI) plays an increasingly important role in
neuromodulation treatments including transcranial magnetic stimulation (TMS), transcranial direct
current stimulation (tDCS), deep brain stimulation (DBS), and Gamma Knife radiosurgery (GKRS) in
psychiatry. It provides anatomical information needed for accurate targeting of relevant brain circuits
with the goal of enhancing therapeutic outcomes.

sMRI-guided neuronavigation is used to localize stimulation sites in disorders such as major
depressive disorder. For example, sMRI guided repetitive transcranial magnetic stimulation has been
shown to modulate neural activity in the angular gyrus and superior frontal gyrus which are regions
involved in emotion regulation and cognitive control. This approach was associated with symptom
improvement in patients with major depressive disorder. [22] Despite the widespread use of sMRI
for neuronavigated TMS, there is currently no evidence demonstrating clear clinical superiority over
standard TMS, and no MRI-guided TMS protocol has received FDA approval.

In DBS, sMRI helps ensure accurate electrode placement within circuits related to mood
regulation and compulsive behavior. Beyond its role in targeting the subcallosal cingulate cortex for
treatment resistant depression where encouraging therapeutic effects have been reported, sMRI is
also used to guide stimulation in obsessive compulsive disorder. In OCD, targets such as the anterior
limb of the internal capsule, subthalamic nucleus and the ventral striatum are selected based on their
involvement in the cortico-striato-thalamo-cortical circuit which is central to compulsivity and
impaired inhibitory control. [23]

GKRS is a non-invasive technique employed in treating refractory psychiatric disorders. sMRI
aids in delineating target regions such as the anterior limb of the internal capsule (ALIC) in treatment
of refractory OCD, ensuring precise lesioning. This underscores the importance of sMRI in enhancing
the efficacy of GKRS in psychiatric applications. [24]

2.3. Limitations of Structural Neuroimaging

Despite its significant contributions, structural neuroimaging continues to face limitations that
prevent it from functioning as a definitive diagnostic or predictive tool in psychiatry.

A primary barrier is limited diagnostic specificity. Similar patterns of grey and white matter
change are observed across multiple disorders. Prefrontal and limbic volume reductions, for
example, are reported in schizophrenia, bipolar disorder, and major depressive disorder. Such
overlaps likely reflect shared neural vulnerabilities rather than distinct disease signatures,
underscoring that psychiatric disorders often do not conform to clearly separable biological
categories.

Heterogeneity within diagnostic groups further complicates interpretation. Psychiatric
diagnoses are based on symptoms rather than underlying biology, and patients classified under the
same label frequently differ in illness duration, treatment exposure, comorbidities, and
developmental factors. These sources of variability influence brain structure and reduce the clarity of
disorder-specific findings. [25]

Additionally, the magnitude of detected structural differences is modest. Cortical thinning or
volumetric reductions are often subtle and require large sample sizes to achieve statistical reliability.
Variations in scanners, acquisition protocols, and analysis pipelines introduce further noise,
challenging reproducibility even in large consortia studies. Moreover, structural imaging provides
only a static snapshot of the brain. Even though imaging resolution is improving, it also reveals how
different every brain is in its structure. This natural variability makes it harder to separate true
disease-related changes from normal differences between individuals.
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Ultimately, structural neuroimaging identifies where the brain may be altered but not how
neural circuits operate, when changes emerge, or why dysfunction occurs. It delineates anatomy
without capturing the dynamic flow of information that underlies cognition and emotion. Without
concurrent biological and functional context, structural findings alone offer an incomplete
understanding of the mechanisms that drive mental illness. [26]

2.4. Future Directions

Despite its current limitations, structural neuroimaging is entering an important phase of
advancement. The focus is shifting from static description of brain anatomy to more precise and
informative markers that may hold clinical meaning. Progress is being driven by improvements in
imaging resolution, analytical techniques, and large scale collaborations.

International initiatives such as ENIGMA, the UK Biobank, and the Human Connectome Project
are integrating data across thousands of individuals and research sites. These harmonized datasets
reduce the impact of site level variability and support the identification of reliable, generalizable
patterns of brain alterations across psychiatric disorders. They allow researchers to move beyond
isolated findings toward a broader understanding of how brain structure relates to illness course,
genetics, development, and environmental influences. [27]

At the same time, advances in ultra-high-field MRI and precision morphometry are sharpening
our view to near-microscopic detail, tracing cortical layers, subfields, and microstructural gradients
once invisible. [28] Diffusion based imaging continues to refine the mapping of white matter
pathways and their role in communication between brain regions. The integration of machine
learning methods with imaging data is enabling the detection of subtle multivariate signatures that
may improve risk prediction and treatment stratification.

Looking forward, progress will rely on combining structural imaging with complementary
approaches such as functional MRI, PET, electrophysiology, and genetics. These multimodal
strategies have the potential to connect anatomical findings directly to neural activity and behavior
which may support the development of biomarkers with true clinical relevance.

Although significant challenges remain including variability across individuals and the need for
strong biological grounding of diagnoses, continuing advances hold promise for more personalized
and mechanistically informed care. With this foundation established, we now shift from the
anatomical features of the brain to its dynamic activity. The next section will focus on functional
neuroimaging which examines how brain networks operate in real time and how these patterns relate
to psychiatric symptoms and treatment.

3. Functional Neuroimaging

Having explored the structural architecture of the brain, we now turn our focus to how the brain
functions in real time. Functional neuroimaging techniques provide insight into neural activity,
network interactions, and neurotransmitter dynamics that underlie psychiatric symptoms. Unlike
structural imaging which reflects anatomy, functional imaging captures changes in metabolism,
blood flow, and electrophysiology, allowing us to understand how circuits become dysregulated in
mental illness.

These modalities have helped identify consistent abnormalities in large scale brain networks
such as the default mode network, salience network, and frontoparietal control network which
supports the growing view that psychiatric disorders are disorders of connectivity rather than
isolated regional dysfunction.

Although primarily used in research, functional imaging continues to expand its clinical
relevance by contributing to early risk detection, differentiation between overlapping syndromes,
monitoring treatment response, and the development of targeted neuromodulation strategies.

o  Key Modalities
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Functional neuroimaging examines how the brain operates in real time by measuring neural
activity, connectivity, and neurotransmitter function. It complements structural imaging by revealing
circuit level abnormalities that underlie psychiatric symptoms. Various functional imaging
modalities include -

e  Functional Magnetic Resonance Imaging (fMRI)

fMRI measures brain activity by detecting blood-oxygen-level dependent (BOLD) signal
changes, reflecting local neuronal metabolism and hemodynamic responses within active neural
circuits.

Functional MRI can broadly be categorized into task-based fMRI, which measures brain
activation during specific cognitive, emotional, or perceptual tasks, and resting-state fMRI, which
assesses spontaneous neural fluctuations to map intrinsic functional connectivity when no task is
performed.

e  Positron Emission Tomography (PET)

Uses radiotracers to quantify glucose metabolism and neurotransmitter systems, providing
direct insight into in vivo neurochemistry.

e Single Photon Emission Computed Tomography (SPECT)

Assesses regional cerebral blood flow and receptor binding with greater availability in clinical
settings, especially useful in movement and cognitive disorders.

e  Magnetic Resonance Spectroscopy (MRS)

Estimates neurochemical concentrations including glutamate, GABA, and N acetyl aspartate,
reflecting neuronal metabolic status.

e  Magnetoencephalography (MEG) and Electroencephalography (EEG)

Record electrical activity with high temporal resolution to assess neural oscillations and network
synchronization.

e  Functional Near Infrared Spectroscopy ({NIRS)

Portable technique measuring cortical blood oxygenation, suitable for pediatric and bedside
psychiatric applications.

In this seminar, discussion will primarily focus on fMRI, PET, and SPECT and its role in
psychiatry, as these modalities currently have the most established relevance for understanding
neural circuitry and informing research and treatment in psychiatry.

3.1. Understanding the Neurobiology of Psychiatric Disorders and Phenomenology

A major contribution of functional neuroimaging in psychiatry has been clarifying abnormal
neural circuits and neurotransmitter systems underlying psychiatric illnesses. Schizophrenia has
served as a prototype because it has been extensively studied using functional magnetic resonance
imaging (fMRI), positron emission tomography (PET), and single photon emission computed
tomography (SPECT).

fMRI

Functional MRI reveals consistent abnormalities in brain activity and connectivity in
schizophrenia. One of the most replicated findings is hypofrontality, referring to reduced activation
in the dorsolateral prefrontal cortex during working memory and executive tasks, which correlates
with cognitive and negative symptoms. [29,30] Resting-state studies demonstrate default mode
network hyperconnectivity, impaired prefrontal connectivity, and altered cortical-subcortical
interactions linked to impaired self-monitoring and psychotic experiences. [31,32] Some connectivity
changes are also found in unaffected relatives, suggesting potential endophenotypes associated with
genetic risk. [31,32] A recent review by Voineskos et al. (2024) confirmed that these circuits are
consistently implicated across multiple methodologies and populations worldwide. [30]
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PET

PET has been instrumental in substantiating the dopamine hypothesis of schizophrenia.
Radioligands such as [18F] DOPA have been used to measure presynaptic dopamine synthesis
capacity. In ['®F]-DOPA PET imaging, the patient receives an intravenous injection of [**F]-DOPA, a
radiolabeled precursor of dopamine. The [*®F]-DOPA molecule crosses the blood-brain barrier (BBB)
via the L-type amino acid transporter (LAT1) and is taken up by dopaminergic neurons in the
striatum (caudate and putamen), where it is converted into ['*F]-dopamine by Aromatic L-Amino
Acid Decarboxylase (AADC) and stored in synaptic vesicles. As ['8F] undergoes radioactive decay, it
emits positrons ([3* particles), which interact with electrons, leading to annihilation and the release of
two gamma photons (511 keV) in opposite directions. The PET scanner detects these coincident
gamma rays, generating an image of dopamine synthesis and storage activity. The uptake of ['®F]-
DOPA is quantified using the influx constant (Ki), which reflects dopamine synthesis capacity —
higher uptake indicates increased dopamine activity, while lower uptake suggests dopaminergic
deficits. [33] [*®F]-DOPA PET studies confirm hyperactive dopamine synthesis in the striatum,
particularly in the dorsal caudate and putamen, which correlates with hallucinations and delusions.
[34] Amphetamine-induced dopamine release PET (using [11C] raclopride specific binding over
D2/3) studies further demonstrate excessive striatal dopamine transmission, reinforcing the
dopamine hypothesis of schizophrenia. [35] Moreover, PET imaging with D2/D3 receptor ligands has
shown elevated receptor availability in unmedicated patients, and the extent of this elevation often
correlates with symptom severity and response to antipsychotics. [36]

SPECT

SPECT imaging offers similar molecular insights to Schizophrenia, particularly in dopaminergic
and GABAergic systems SPECT studies have primarily utilized dopaminergic radiotracers like [123]]
IBZM (targeting D2/D3 receptors in the striatum), [123]I] epidepride (for extrastriatal regions), and
DAT tracers such as [123I] B-CIT and [99mTc]-TRODAT. While post-synaptic D2/D3 receptor
availability is only slightly elevated in treated patients, increased amphetamine-induced dopamine
release has been observed in unmedicated individuals, suggesting presynaptic dysregulation.
Notably, the BG/FC (basal ganglia/frontal cortex) binding ratio of IBZM correlates with treatment
response and the presence of extrapyramidal side effects. Explorations into the GABAergic system
using [123]] iomazenil have shown mixed findings, with some studies linking negative symptoms to
decreased GABA-A binding in the medial frontal cortex and positive symptoms to changes in the
medial temporal lobe. Glutamatergic involvement has also been studied using [123I] CNS-1261, an
NMDA receptor ligand, which shows reduced binding in patients on clozapine and a negative
correlation between NMDA binding and residual symptom severity in patients on typical
antipsychotics. [37]

Together, findings from fMRI, PET, and SPECT converge on a model of schizophrenia
characterized by network-level dysconnectivity and neurochemical imbalance across frontal,
temporal, and subcortical circuits. Similar functional neuroimaging discoveries are now being
reported in major depressive disorder, bipolar disorder, obsessive compulsive disorder, and other
psychiatric conditions, reinforcing the role of circuit-based pathology across diagnostic categories.

3.2. Functional Neuroimaging in Diagnosis and Differential Diagnosis

Although functional neuroimaging is not yet used as a standalone diagnostic tool in psychiatry,
it provides valuable supplementary information that can enhance diagnostic clarity, particularly in
complex or ambiguous cases. The APA stated that brain imaging currently “has no clinical value in
psychiatry” as a stand-alone diagnostic method. Nonetheless, functional imaging can identify
distinct neurophysiological signatures associated with psychiatric disorders and assist in
distinguishing overlapping conditions.
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A prime clinical indication is the SPECT-TRODAT scan, which uses the radiopharmaceutical
technetium-99m labelled TRODAT-1 to select for dopamine transporters (DAT) on presynaptic
nigrostriatal terminals. After intravenous administration, the tracer crosses the blood-brain barrier
and accumulates in the striatum (caudate and putamen). In healthy individuals, uptake is
symmetrical, while in idiopathic Parkinson’s disease (iPD) the binding is reduced and asymmetric,
typically in the posterior putamen contralateral to the symptomatic side. [38,39] This allows
differentiation between iPD and drug-induced parkinsonism (DIP): in DIP striatal DAT binding
remains normal and symmetrical, whereas in iPD it is reduced. [38,39]

Functional imaging also plays a critical role in dementia sub-typing. In Alzheimer’s disease
(AD), "8F-FDG-PET shows bilateral temporoparietal hypometabolism extending to the posterior
cingulate and precuneus, correlating with memory and visuospatial deficits. [40] In Frontotemporal
dementia (FTD) the pattern is predominantly frontal and anterior temporal hypometabolism/
hypoperfusion, aligning with executive and behavioural dysfunction. [40] Lewy body dementia
(LBD) often retains posterior cingulate metabolism with occipital hypometabolism (the “cingulate
island sign”) on FDG-PET. [40] SPECT perfusion scans, albeit with lower resolution, echo these
patterns and provide pragmatic support in resource-limited settings. In vascular dementia PET and
SPECT demonstrate patchy or asymmetric perfusion/metabolism deficits aligned with infarcts or
chronic ischaemia rather than typical AD regions. [40—-42]

Henderson et al. (2020) present compelling case studies illustrating how functional
neuroimaging can unmask organic etiologies that mimic psychiatric disorders. In one case, a patient
initially diagnosed with major depressive disorder demonstrated diffuse frontal and parietal
hypoperfusion consistent with traumatic brain injury rather than primary depression. [2] In another,
a patient with presumed ADHD exhibited anterior cingulate gyrus and thalamic hyperperfusion on
SPECT which pointed instead to an obsessive-compulsive spectrum disorder, leading to modified
treatment and improved outcomes. [2] Beyond differentiation of psychiatric conditions, functional
imaging also aids in identifying underlying biological contributors to symptoms including infections
(e.g., Lyme disease, Herpes simplex encephalitis), inflammatory states, neurodegenerative
conditions, toxin exposure etc., [2]

In summary, while functional neuroimaging is not diagnostic on its own, it significantly enriches
clinical understanding by revealing hidden brain abnormalities. It supports diagnostic clarification,
reduces misdiagnosis, detects comorbid organic pathology, and identifies biologically meaningful
subtypes that inform personalized treatment. This insight forms the foundation of precision
psychiatry, where treatment is driven not only by symptoms but by the individual’s underlying brain
biology, moving toward an integrated clinical-biological paradigm.

3.3. Aiding in Treatment

Beyond characterizing disease mechanisms, functional neuroimaging increasingly informs and
individualizes treatment strategies in psychiatry. Because schizophrenia has a large body of
functional neuroimaging research, it is again used as a prototype here, with similar principles now
being applied to other psychiatric disorders.

fMRI-Guided Transcranial Magnetic Stimulation (TMS)

Functional MRI has been used to guide repetitive TMS (rTMS) targeting in treatment-resistant
auditory verbal hallucinations. Stimulation of the left temporoparietal junction is standard, but fMRI
connectivity mapping can identify the most aberrant network nodes on an individual basis. Baliga
and Mehta (2021) highlight that patients with stronger temporoparietal-default mode network
connectivity may respond better to fMRI-guided stimulation than to conventional scalp-based
targeting. However, the authors also note that there is currently no conclusive evidence that fMRI-
guided TMS is superior to conventional TMS for auditory hallucinations in schizophrenia, although
early findings remain promising and warrant further controlled trials. [43] The same principles have
informed targeting in major depressive disorder, where individualized stimulation of the
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dorsolateral prefrontal cortex most anticorrelated with the subgenual anterior cingulate cortex is
associated with improved outcomes.

One example is the Stanford Accelerated Intelligent Neuromodulation Therapy (SAINT)
protocol, where resting-state functional connectivity MRI is used to personalize high-dose
intermittent theta burst stimulation. In the trial by Cole et al. (2020), SAINT achieved remission in
86.4 percent of patients with treatment-resistant depression, demonstrating the clinical potential of
functional imaging-guided neuromodulation. [44]

fMRI-Guided Neurofeedback

Real-time fMRI neurofeedback allows patients to learn voluntary control over aberrant neural
activity. In schizophrenia, down-regulation of superior temporal gyrus and anterior cingulate cortex
activity has been shown to reduce hallucination severity. [45] Neurofeedback approaches have also
demonstrated potential benefit in anxiety disorders, depression, attention-deficit hyperactivity
disorder, obsessive-compulsive disorder and substance use disorders by enabling self-modulation of
pathological network dynamics. [46] While still experimental, this strategy represents a meaningful
step toward self-directed, circuit-specific treatment.

Neuroimaging-Guided Pharmacotherapy

Functional neuroimaging contributes increasingly to medication optimization. Task-based and
resting-state fMRI studies have shown that antipsychotic treatment can normalize dorsolateral
prefrontal cortex and anterior cingulate cortex activity, and such changes may precede observable
clinical improvement, offering a potential early biomarker of treatment response. [30]

PET and SPECT have been essential in determining dopamine D2 receptor occupancy, guiding
dose selection to maximize antipsychotic efficacy while minimizing extrapyramidal side effects. [36]
Higher presynaptic dopamine synthesis on [18F]-DOPA PET predicts better response to
antipsychotic medication, particularly in first-episode psychosis, while individuals with normal or
low synthesis may require alternative therapeutic approaches. [34,47] SPECT also demonstrates
longitudinal changes in receptor binding, supporting its role in monitoring pharmacotherapy
effectiveness. [48]

Although not yet routine in clinical psychiatry, these findings illustrate the potential of
functional neuroimaging as a biological readout of treatment efficacy. This is especially useful in cases
of treatment resistance or partial response, where neuroimaging can help assess whether the brain is
biologically responsive despite limited clinical improvement. Moreover, it offers a non-invasive
avenue to detect early signs of relapse before symptoms worsen. [47]

3.4. Biomarkers, Classification, and Precision Psychiatry

Functional neuroimaging is increasingly driving a fundamental transformation in psychiatry —
from symptom-based diagnosis to biologically grounded, precision-guided care. For decades,
psychiatric classification systems such as the DSM and ICD have been criticized for relying on clusters
of subjective symptoms that often poorly align with underlying neurobiology. Functional
neuroimaging provides objective measures of neural circuit dysfunction, neurotransmitter
abnormalities, and network-level signatures that support biomarker development for diagnosis,
prognosis, treatment selection, and subtype identification. [30]

Toward Predictive and Theranostic Biomarkers

In schizophrenia, elevated presynaptic dopamine synthesis measured using [18F]-DOPA PET
predicts favourable antipsychotic response, while individuals with normal synthesis capacity show
poor dopamine-blocking response and may require alternative strategies such as glutamatergic
modulation. [34,47] Functional MRI studies similarly show that early normalization of dorsolateral
prefrontal cortex and anterior cingulate cortex activity can precede clinical improvement, offering an
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early response biomarker. [30] In depression, resting-state connectivity between the dorsolateral
prefrontal cortex and subgenual anterior cingulate cortex predicts response to TMS, enabling
personalized stimulation targeting. [44] PET and SPECT metrics of dopamine D2 receptor availability
support dose optimization and treatment monitoring, reducing side-effect risk like discussed. [36,48]

Endophenotypes and Risk Biomarkers

Functional imaging has identified heritable neural signatures —endophenotypes—that bridge
genetic liability and symptom emergence. These include: Default mode network hyperconnectivity,
Working-memory related hypofrontality, and Error-processing ACC abnormalities seen in both
schizophrenia patients and unaffected relatives. [31,32,49] In clinical high-risk states, resting-state
fMRI identifies network disruptions (e.g., reduced DMN coherence or salience hyperconnectivity)
before symptomatic conversion, improving prediction when combined with clinical features. [31]

Biological Subtyping and Transdiagnostic Classification

Machine-learning applied to multimodal datasets (fMRI, PET, SPECT, genomics, behaviour) is
revealing neurobiologically distinct subgroups within and across disorders. [30] For example,
Drysdale et al. (2017) identified four depression subtypes (biotypes) based on fronto-amygdala and
DMN connectivity, each demonstrating different neuromodulation response patterns. [50] In
psychosis, connectivity-based clustering identifies biotypes spanning schizophrenia, schizoaffective
disorder, and bipolar disorder with psychosis, defined by thalamo-cortical dysconnectivity,
hypofrontality, or altered salience network recruitment. [51,52] These data-driven categories better
map to treatment response and clinical prognosis than DSM diagnoses alone.

RDoC and Dimensional Circuit-Based Models

The NIMH Research Domain Criteria (RDoC) initiative promotes a dimensional framework,
studying mental illness through core functions such as reward learning, cognitive control, and
emotional regulation, each tethered to specific neural circuits. [53] Functional neuroimaging is central
to operationalizing RDoC, linking circuit dysfunction to behavior across diagnostic boundaries. This
approach allows identification of cross-diagnostic biomarkers relevant to constructs (e.g., threat
responsivity, working memory) rather than syndromes.

3.5. Multimodal Integration of Functional Neuroimaging in Psychiatry

Functional neuroimaging has become central to translational and computational psychiatry,
providing biologically grounded phenotypes that bridge the gap between basic neuroscience and
clinical practice. By offering measurable proxies for neural activity, fMRI enables validation of
circuitry models across species. For example, abnormalities in prefrontal—-striatal-thalamic pathways
observed in animal models of schizophrenia have been confirmed in humans using functional MRIL
[54]

In early-phase drug development, resting-state and task-based fMRI are increasingly used to
assess target engagement and neural response before clinical improvement becomes detectable. For
instance, modulation of connectivity between the subgenual anterior cingulate cortex and the default
mode network has served as a mechanistic biomarker across both pharmacological and
neuromodulatory trials. [44,55]

Computational psychiatry employs mathematical modeling and artificial intelligence to
quantify neural processes. When combined with multimodal imaging, these methods enhance
disease classification and trajectory prediction. Machine learning approaches such as multivariate
pattern analysis have differentiated schizophrenia from bipolar disorder with notable accuracy by
leveraging distributed connectivity patterns. [56] Generative computational models further simulate
how perturbations in neural circuits produce symptoms, enabling hypothesis-driven mechanistic
research. [57]
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Emerging integration with Large Language Models (LLMs) offers additional potential. By fusing
imaging features with clinical notes, genomics, and behavioral metrics, LLMs can support clinical
decision-making, stratify patient populations, and reveal latent brain—behavior associations. With
neuroimaging repositories such as the UK Biobank and Human Connectome Project expanding
rapidly, LLM-driven analytics are poised to significantly advance interpretability and precision care
in psychiatry.

Neuroimaging also interfaces synergistically with genetics. Imaging-genetics studies have
linked variants in COMT, DRD2 and GRM3 with alterations in cortical activation and fronto-striatal
processing. [58] Incorporating polygenic risk scores into imaging models enhances prediction of
disease liability, particularly in disorders like schizophrenia. [58]

Connectomics integrates functional MRI with diffusion tensor imaging to map whole-brain
network structure and dynamics. Large-scale initiatives like the Human Connectome Project have
elucidated network architecture supporting cognitive and affective functions, establishing normative
connectivity benchmarks [59,60]. Comparing psychiatric populations to these connectome standards
has identified reproducible network alterations across diagnostic boundaries, contributing to
transdiagnostic biomarker discovery and refined classification systems.

3.6. Limitations of Functional Neuroimaging

Despite significant advancements and promising translational potential, functional
neuroimaging continues to face challenges that limit its routine use in clinical psychiatry:

- Diagnostic specificity remains limited, as many imaging abnormalities overlap across
disorders, complicating individual-level interpretation.

- Most findings are based on group-level statistics, and robust individualized biomarkers have
yet to be fully validated for clinical decision-making.

- Variability in imaging protocols, scanners, and analytic pipelines affects reproducibility and
generalizability of results across populations and centers

-  High operational and maintenance costs, along with the requirement for specialized
infrastructure and trained personnel, restrict access in many regions.

- Modalities like SPECT and fNIRS are limited by lower spatial resolution and signal-to-noise
ratio compared to other techniques.

- Radiation exposure in PET and SPECT raises considerations for repeated imaging and
vulnerable populations.

- Clinical interpretation requires multidisciplinary expertise, slowing scalability outside tertiary
care and research settings.

Overall, while functional neuroimaging provides powerful research insights, several
technological, methodological, and practical hurdles must be addressed before it can be widely
integrated into standard psychiatric care.

3.7. Future Directions of Functional Neuroimaging

As the field rapidly evolves, multiple priorities are expected to shape clinical translation of

functional neuroimaging in psychiatry:

- Protocol standardization and harmonization of acquisition and analytic techniques across
centers to improve reproducibility and comparability.

- Development of affordable and portable imaging systems to improve accessibility in low-
resource and community settings.

- Integration with AI, machine learning, and large language models (LLMs) to enhance pattern
recognition, automate interpretation, and support clinical decision-making.

- Multimodal data fusion with genomics, digital phenotyping (e.g., smartphones, wearables),
electrophysiology, and connectomics to enable precise patient stratification.
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-  Biomarker-based adaptive clinical trials, employing imaging-derived predictors to guide
treatment selection and monitor response in real time.

- Longitudinal functional imaging tools capable of tracking dynamic circuit changes across
illness onset, relapse, and recovery.

- Addressing insufficient sample sizes that currently limit robust population-level inference;
major research consortiums such as ENIGMA, UK Biobank, and the Human Connectome
Project are rapidly closing this gap by enabling large-scale, harmonized datasets and high-
power analyses.

As imaging technologies become more accessible and analytical approaches advance, functional
neuroimaging is positioned to play a transformative role in psychiatry. By shifting away from purely
symptom-based frameworks toward objective, biology-informed evaluation, neuroimaging will
help bridge neuroscience and clinical practice—enhancing prediction, prevention, and precision
treatment across mental health disorders.

References

1. Barch D, Liston C. Neuroimaging in psychiatry: toward mechanistic insights and clinical utility.
Neuropsychopharmacol. 2025 Jan;50(1):1-2.

2. Henderson TA, van Lierop M], McLean M, Uszler JM, Thornton JF, Siow YH, et al. Functional
Neuroimaging in Psychiatry — Aiding in Diagnosis and Guiding Treatment. What the American Psychiatric
Association Does Not Know. Front Psychiatry. 2020 Apr 15;11:276.

3. Linden DE, Fallgatter AJ. Neuroimaging in psychiatry: from bench to bedside. Front Hum Neurosci
[Internet]. 2009 Dec 23 [cited 2025 Oct 28];3. Available from: https://www.frontiersin.org/journals/human-
neuroscience/articles/10.3389/neuro.09.049.2009/full

4. O’Donnell L], Westin CF. An introduction to diffusion tensor image analysis. Neurosurg Clin N Am. 2011
Apr;22(2):185-viii.

5. Yang M, Kong D, Huang ], Huang Y, Sun Y, Li Z. Meta-Analysis of Brain Structure in Magnetic Resonance
Imaging Studies of Adolescents With Schizophrenia. Mental Illness [Internet]. 2025 [cited 2025 Oct
22];2025(1):6631226. Available from: https://onlinelibrary.wiley.com/doi/abs/10.1155/mij/6631226

6. Howes OD, Cummings C, Chapman GE, Shatalina E. Neuroimaging in schizophrenia: an overview of
findings and their implications for synaptic changes. Neuropsychopharmacol. 2023 Jan;48(1):151-67.

7. Wang L, Liu R, Liao ], Xiong X, Xia L, Wang W, et al. Meta-analysis of structural and functional brain
abnormalities in early-onset schizophrenia. Front Psychiatry. 2024;15:1465758.

8. Kelly S, Jahanshad N, Zalesky A, Kochunov P, Agartz I, Alloza C, et al. Widespread white matter
microstructural differences in schizophrenia across 4322 individuals: results from the ENIGMA
Schizophrenia DTI Working Group. Mol Psychiatry. 2018 May;23(5):1261-9.

9. Yang Z, Xiao S, Su T, Gong J, Qi Z, Chen G, et al. A multimodal meta-analysis of regional functional and
structural brain abnormalities in obsessive-compulsive disorder. Eur Arch Psychiatry Clin Neurosci. 2024
Feb;274(1):165-80.

10. PirasF, PirasF, Abe Y, Agarwal SM, Anticevic A, Ameis S, et al. White matter microstructure and its relation
to clinical features of obsessive-compulsive disorder: findings from the ENIGMA OCD Working Group.
Transl Psychiatry. 2021 Mar 17;11(1):173.

11. Boedhoe PSW, Schmaal L, Abe Y, Alonso P, Ameis SH, Anticevic A, et al. Cortical Abnormalities Associated
With Pediatric and Adult Obsessive-Compulsive Disorder: Findings From the ENIGMA Obsessive-
Compulsive Disorder Working Group. Am ] Psychiatry. 2018 May 1;175(5):453-62.

12. Kim BG, Kim G, Abe Y, Alonso P, Ameis S, Anticevic A, et al. Correction: White matter diffusion estimates
in obsessive-compulsive disorder across 1653 individuals: machine learning findings from the ENIGMA
OCD Working Group. Mol Psychiatry. 2024 Apr;29(4):1216.

13. Angelescu I, Brugger SP, Borgan F, Kaar S], Howes OD. The magnitude and variability of brain structural
alterations in bipolar disorder: A double meta-analysis of 5534 patients and 6651 healthy controls. ] Affect
Disord. 2021 Aug 1;291:171-6.

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


https://doi.org/10.20944/preprints202511.0202.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 November 2025 d0i:10.20944/preprints202511.0202.v1

14 of 16

14. Abé C, Ching CRK, Liberg B, Lebedev AV, Agartz I, Akudjedu TN, et al. Longitudinal Structural Brain
Changes in Bipolar Disorder: A Multicenter Neuroimaging Study of 1232 Individuals by the ENIGMA
Bipolar Disorder Working Group. Biological Psychiatry [Internet]. 2022 Mar 15 [cited 2025 Oct
271;91(6):582-92. Available from: https://www .sciencedirect.com/science/article/pii/S0006322321015973

15. Nortje G, Stein DJ, Radua J, Mataix-Cols D, Horn N. Systematic review and voxel-based meta-analysis of
diffusion tensor imaging studies in bipolar disorder. ] Affect Disord. 2013 Sept 5;150(2):192-200.

16. Bellani M, Boschello F, Delvecchio G, Dusi N, Altamura CA, Ruggeri M, et al. DTI and Myelin Plasticity in
Bipolar Disorder: Integrating Neuroimaging and Neuropathological Findings. Front Psychiatry [Internet].
2016 Mar 1 [cited 2025 Oct 27];7:21. Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC4771723/

17. Romeo Z, Biondi M, Oltedal L, Spironelli C. The Dark and Gloomy Brain: Grey Matter Volume Alterations
in Major Depressive Disorder-Fine-Grained Meta-Analyses. Depress Anxiety. 2024;2024:6673522.

18. Schmaal L, Pozzi E, C Ho T, van Velzen LS, Veer IM, Opel N, et al. ENIGMA MDD: seven years of global
neuroimaging studies of major depression through worldwide data sharing. Transl Psychiatry. 2020 May
29;10(1):172.

19. Jensen KHR, Dam VH, Kohler-Forsberg K, Ozenne B, Stenbaek DS, Ganz M, et al. Changes in hippocampal
volume, 5-HT4 receptor binding, and verbal memory over the course of antidepressant treatment in major
depressive disorder. ] Psychiatr Res. 2025 Jan;181:197-205.

20. van Velzen LS, Kelly S, Isaev D, Aleman A, Aftanas LI, Bauer ], et al. White matter disturbances in major
depressive disorder: a coordinated analysis across 20 international cohorts in the ENIGMA MDD working
group. Mol Psychiatry. 2020 July;25(7):1511-25.

21. Caballero N, Machiraju S, Diomino A, Kennedy L, Kadivar A, Cadenhead KS. Recent Updates on Predicting
Conversion in Youth at Clinical High Risk for Psychosis. Curr Psychiatry Rep. 2023 Nov;25(11):683-98.

22. Guo P, Liu X, Sun Y, Zhi Q, Xia Y. Effects of sMRI-guided rTMS on brain function and structure in major
depressive disorder. ] Affect Disord. 2025 Dec 1;390:119772.

23. Lisoni J, Barlati S. Brain Stimulation for Psychiatric Disorders: Emerging Evidence and New Perspectives.
Brain Sci [Internet]. 2025 Feb 4 [cited 2025 Oct 21];15(2):155. Available from:
https://pmc.ncbi.nlm.nih.gov/articles/PMC11853060/

24. McLaughlin NCR, Magnotti JF, Banks GP, Nanda P, Hoexter MQ, Lopes AC, et al. Gamma knife
capsulotomy for intractable OCD: Neuroimage analysis of lesion size, location, and clinical response.
Transl Psychiatry [Internet]. 2023 Apr 26 [cited 2025 Oct 21];13(1):134. Available from:
https://www.nature.com/articles/s41398-023-02425-2

25. Linden DE]. The Challenges and Promise of Neuroimaging in Psychiatry. Neuron. 2012 Jan 12;73(1):8-22.

26. Anderson AN, King JB, Anderson JS. Neuroimaging in Psychiatry and Neurodevelopment: why the
emperor has no clothes. Br ] Radiol [Internet]. 2019 Sept [cited 2025 Oct 22];92(1101):20180910. Available
from: https://pmc.ncbi.nlm.nih.gov/articles/PMC6732920/

27. Thompson PM, Jahanshad N, Ching CRK, Salminen LE, Thomopoulos SI, Bright J, et al. ENIGMA and
global neuroscience: A decade of large-scale studies of the brain in health and disease across more than 40
countries. Transl Psychiatry [Internet]. 2020 Mar 20 [cited 2025 Oct 22];10:100. Available from:
https://pmec.ncbi.nlm.nih.gov/articles/PMC7083923/

28. Calabro FJ, Parr AC, Sydnor V], Hetherington H, Prasad KM, Ibrahim TS, et al. Leveraging ultra-high field
(7T) MRI in psychiatric research. Neuropsychopharmacology. 2024 Nov;50(1):85-102.

29. Barch DM, Carter CS, Braver TS, Sabb FW, MacDonald A, Noll DC, et al. Selective deficits in prefrontal
cortex function in medication-naive patients with schizophrenia. Arch Gen Psychiatry. 2001 Mar;58(3):280-
8.

30. Voineskos AN, Hawco C, Neufeld NH, Turner JA, Ameis SH, Anticevic A, et al. Functional magnetic
resonance imaging in schizophrenia: current evidence, methodological advances, limitations and future
directions. World Psychiatry. 2024 Feb;23(1):26-51.

31. Sasabayashi D, Takahashi T, Takayanagi Y, Nemoto K, Ueno M, Furuichi A, et al. Resting state
hyperconnectivity of the default mode network in schizophrenia and clinical high-risk state for psychosis.
Cereb Cortex. 2023 June 20;33(13):8456—64.

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


https://doi.org/10.20944/preprints202511.0202.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 November 2025 d0i:10.20944/preprints202511.0202.v1

15 of 16

32. Karbasforoushan H, Woodward ND. Resting-state networks in schizophrenia. Curr Top Med Chem.
2012;12(21):2404-14.

33. Laruelle M, Abi-Dargham A, Gil R, Kegeles L, Innis R. Increased dopamine transmission in schizophrenia:
relationship to illness phases. Biol Psychiatry. 1999 July 1;46(1):56-72.

34. Howes OD, Bose SK, Turkheimer F, Valli I, Egerton A, Valmaggia LR, et al. Dopamine synthesis capacity
before onset of psychosis: a prospective [18F]-DOPA PET imaging study. Am ] Psychiatry. 2011
Dec;168(12):1311-7.

35. Breier A, Su TP, Saunders R, Carson RE, Kolachana BS, de Bartolomeis A, et al. Schizophrenia is associated
with elevated amphetamine-induced synaptic dopamine concentrations: Evidence from a novel positron
emission tomography method. Proc Natl Acad Sci U S A. 1997 Mar 18;94(6):2569-74.

36. Masdeu JC. Neuroimaging in Psychiatric Disorders. Neurotherapeutics. 2011 Jan;8(1):93-102.

37. Kalyoncu A, Gonul AS. The Emerging Role of SPECT Functional Neuroimaging in Schizophrenia and
Depression. Front Psychiatry. 2021 Dec 15;12:716600.

38. Fabiani G, Camargo CHF, Filho RM, Froehner GS, Teive HAG. Evaluation of Brain SPECT with 99mTc-
TRODAT-1 in the Differential Diagnosis of Parkinsonism. Parkinsons Dis. 2022 Mar 8;2022:1746540.

39. Pitton Rissardo J, Caprara ALF. Neuroimaging Techniques in Differentiating Parkinson’s Disease from
Drug-Induced Parkinsonism: A Comprehensive Review. Clin Pract. 2023 Nov 15;13(6):1427-48.

40. Na S, Kang DW, Kim GH, Kim KW, Kim Y, Kim H]J, et al. The Usefulness of 18F-FDG PET to Differentiate
Subtypes of Dementia: The Systematic Review and Meta-Analysis. Dement Neurocogn Disord. 2024
Jan;23(1):54-66.

41. Chouliaras L, O’'Brien JT. The use of neuroimaging techniques in the early and differential diagnosis of
dementia. Mol Psychiatry. 2023;28(10):4084-97.

42. Ferrando R, Damian A. Brain SPECT as a Biomarker of Neurodegeneration in Dementia in the Era of
Molecular Imaging: Still a Valid Option? Front Neurol [Internet]. 2021 May 10 [cited 2025 Oct 28];12.
Available from: https://www frontiersin.org/journals/neurology/articles/10.3389/fneur.2021.629442/full

43. Baliga SP, Mehta UM. A Review of Studies Leveraging Multimodal TMS-fMRI Applications in the
Pathophysiology and Treatment of Schizophrenia. Front Hum Neurosci [Internet]. 2021 Aug 2 [cited 2025
Oct 28];15. Available from: https://www frontiersin.org/journals/human-
neuroscience/articles/10.3389/fnhum.2021.662976/full

44. Cole EJ, Stimpson KH, Bentzley BS, Gulser M, Cherian K, Tischler C, et al. Stanford Accelerated Intelligent
Neuromodulation Therapy for Treatment-Resistant Depression. AJP. 2020 Aug;177(8):716-26.

45. Humpston C, Garrison ], Orlov N, Aleman A, Jardri R, Fernyhough C, et al. Real-Time Functional Magnetic
Resonance Imaging Neurofeedback for the Relief of Distressing Auditory-Verbal Hallucinations:
Methodological and Empirical Advances. Schizophr Bull. 2020 Dec 1;46(6):1409-17.

46. Murphy E, Poudel G, Ganesan S, Suo C, Manning V, Beyer E, et al. Real-time fMRI-based neurofeedback
to restore brain function in substance use disorders: A systematic review of the literature. Neuroscience &
Biobehavioral Reviews. 2024 Oct 1;165:105865.

47. Rogeau A, Boer AJ, Gued;j E, Sala A, Sommer IE, Veronese M, et al. EANM perspective on clinical PET and
SPECT imaging in schizophrenia-spectrum disorders: a systematic review of longitudinal studies. Eur ]
Nucl Med Mol Imaging. 2025 Feb 1;52(3):876-99.

48. Kalyoncu A, Gonul AS. The Emerging Role of SPECT Functional Neuroimaging in Schizophrenia and
Depression. Front Psychiatry. 2021 Dec 15;12:716600.

49. Gottesman II, Gould TD. The endophenotype concept in psychiatry: etymology and strategic intentions.
Am ] Psychiatry. 2003 Apr;160(4):636—45.

50. Drysdale AT, Grosenick L, Downar J, Dunlop K, Mansouri F, Meng Y, et al. Resting-state connectivity
biomarkers define neurophysiological subtypes of depression. Nat Med. 2017 Jan;23(1):28-38.

51. Clementz BA, Sweeney JA, Hamm ]P, Ivleva EI, Ethridge LE, Pearlson GD, et al. Identification of Distinct
Psychosis Biotypes Using Brain-Based Biomarkers. Am J Psychiatry. 2016 Apr 1;173(4):373-84.

52. Tang X, Wei Y, Pang J, Xu L, Cui H, Liu X, et al. Identifying neurobiological heterogeneity in clinical high-
risk psychosis: a data-driven biotyping approach using resting-state functional connectivity. Schizophr.
2025 Feb 4;11(1):13.

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


https://doi.org/10.20944/preprints202511.0202.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 November 2025 d0i:10.20944/preprints202511.0202.v1

16 of 16

53. Morris SE, Sanislow CA, Pacheco J, Vaidyanathan U, Gordon JA, Cuthbert BN. Revisiting the seven pillars
of RDoC. BMC Medicine. 2022 June 30;20(1):220.

54. Chakravarty MM, Guma E. Small animal imaging presents an opportunity for improving translational
research in biological psychiatry. ] Psychiatry Neurosci. 2021 Sept;46(5):E579-82.

55. Woo CW, Chang L], Lindquist MA, Wager TD. Building better biomarkers: brain models in translational
neuroimaging. Nat Neurosci. 2017 Feb 23;20(3):365-77.

56. Kambeitz-Ilankovic L, Vinogradov S, Wenzel ], Fisher M, Haas SS, Betz L, et al. Multivariate pattern analysis
of brain structure predicts functional outcome after auditory-based cognitive training interventions. npj
Schizophr. 2021 Aug 19;7(1):40.

57.  Yoon JH, Tamir D, Minzenberg MJ, Ragland JD, Ursu S, Carter CS. Multivariate pattern analysis of fMRI
data reveals deficits in distributed representations in schizophrenia. Biol Psychiatry. 2008 Dec
15;64(12):1035—41.

58. Jiang W, King TZ, Turner JA. Imaging Genetics Towards a Refined Diagnosis of Schizophrenia. Front
Psychiatry. 2019 July 12;10:494.

59. Demro C, Mueller BA, Kent JS, Burton PC, Olman CA, Schallmo MP, et al. The psychosis human
connectome project: An overview. Neuroimage. 2021 Nov 1;241:118439.

60. Van Essen DC, Smith SM, Barch DM, Behrens TE], Yacoub E, Ugurbil K. The WU-Minn Human
Connectome Project: An overview. Neurolmage. 2013 Oct 15;80:62-79.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.

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


https://doi.org/10.20944/preprints202511.0202.v1
http://creativecommons.org/licenses/by/4.0/

