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Brain imaging has revolutionized neural science over the

past decades through the identification and description of

the neural circuits involved in social cognition, cognitive

control, memory, empathy, mood regulation and many

other domains. The characterization of these neural circuits

at the level of brain structure and function has deepened

our understanding of the neural underpinnings of virtually

all psychiatric disorders, from ADHD and autism to anxi-

ety and mood disorders, and from schizophrenia to bipolar

illness and Alzheimer’s disease. One significant newly

acquired insight is that psychiatric disorders may be

understood best not so much by a neural lesion model

focused on discovering specific brain regions where

ADHD, autism and other disorders ‘reside’. Rather, a dis-

ruption of optimal structural and functional connectivity

between separate areas of the brain, alongside interference

of well-coordinated and synchronized activity of various

neural systems turn out to be a most valuable perspective

for understanding the biological basis of psychiatric dis-

orders. These may be conceptualized as ‘systems disorders

of the brain’ [1–5]. Brain imaging has also started to add a

developmental perspective by outlining how neural circuits

develop over age and how this influences and interacts with

maturation of cognitive functions and development of

behavioral competences. As such, developmental psycho-

pathology has been complemented by developmental neu-

roscience, i.e. the study of individual patterns of

development of the structure and functions of the brain.

This includes the study of the development of neuro-

chemical systems, myelinization, grey/white matter

growth, synaptic function, etc., as well as the study of the

genetic and environmental causes of individual variability.

Together with progress in identifying genetic risk factors

for psychiatric illness, brain imaging, and brain imaging

genetics confer the opportunity to provide mechanistic

explanations about how genetic and environmental risk

factors may affect neural circuits and cognitive systems,

and how this may lead to clinical symptoms [6–8].

The current issue provides four review papers on brain

imaging that are relevant for child and adolescent psychi-

atry. Johnston et al. [9] discuss the clinical relevance of

brain imaging for clinical prediction in psychiatry. In

particular, the application of pattern detection technique

such as support vector machines has already demonstrated

its potential to predict diagnostic status and might further

contribute to predictions on treatment response and course

of the disorder. Rubia [10] reviews the functional MRI

literature on the functional development of cognitive and

motivational control, timing, and attention, as well as the

development of resting state neural networks. She signals a

shift with age from bottom-up processing regions to top-

down control in cortico-cortical and cortico-subcortical

pathways. Although psychological trauma is a frequent

cause of psychopathology at all ages, research into the

neural correlates of psychological trauma in children and

adolescents is scarce. Rinne-Albers et al. [11] review the

extent literature and conclude that the finding of a smaller
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hippocampal volume as reported in studies in adults with

posttraumatic stress disorders (PTSD) is not replicated in

pediatric samples. Rather unexpectedly, PTSD in children

and adolescents is found to be associated with volumetric

abnormalities of the corpus callosum. A fourth paper by

Oldehinkel et al. [12] reviews the huge potential of resting-

state MRI in describing the functional neural circuits in the

brain and of mapping these to psychiatric categories.

Resting-state MRI data can be collected rather easily and

have special advantages over applying the more classic

cognitive activation paradigms in developmental studies

that span a wide age range and include subjects with var-

ious levels of cognitive skills.

Despite all findings and insights provided by brain imag-

ing, direct clinical applications are as yet few, if any. As it has

been phrased, none of these thousands and thousands of brain

scans over the past decades have changed how clinicians

currently diagnose and treat severe mental illness [13]. Is that

a problem? Yes, it is, because ultimately, the added societal

value of neuroscience research is based on its translational

potential, i.e. the power to bring about new products, algo-

rithms, procedures, and treatments that inform and transform

the clinical practice of psychiatry.

What clinical contribution could be made by brain

imaging studies? We envisage at least three potential areas

of application. First, brain imaging might contribute to the

development of new medical and non-medical interven-

tions for psychiatric illness by functional validation at the

neural systems levels of risk genes and causal mechanisms

[14], by screening potentially new molecules in early

stages of drug development for signs of efficacy and safety,

and by establishing neural markers that serve as interme-

diate or substitute outcome of clinical interventions [15]. It

might inform and guide clinical decision making in com-

plex diagnostic cases. Secondly, whilst acknowledging that

the output of support vector machine algorithms on several

parameters of structural MRI data will not replace careful

clinical assessment and history taking, an algorithm sug-

gesting an 80 % probability of an autism spectrum disorder

case will be relevant input to the clinician who has prob-

lems in differentiating autism from developmental lan-

guage disorder and ADHD [16]. In a similar way,

predictions based on resting-state MRI data and diffusion-

tensor MRI data can provide the clinicians with a brain-

based context for decision making.

A third application is the prediction of the course of the

disorder over time—persistence versus remission in case of

ADHD, single versus multiple episodes in case of depres-

sion—and of treatment response, and/or risk for side

effects. These predictions can be placed in the context of

the clinical need for profiling and staging of psychiatric

disorders [17, 18]. Imaging parameters could be used as

biomarkers to profile clinical heterogeneous disorders into

biologically more homogeneous subgroups. For example,

into more executive function deficit, reward, or timing

deficit type of ADHD [19]. Dissecting the extent and

localization of abnormalities in the fronto-striatal circuits

may assist dissecting ADHD into rather uncomplicated

forms of the disorder, and forms with further escalation

into substance use disorder [20].

Of course, implementation of functional or structural

brain measures for clinical prediction is not a goal per se.

Rather, it should be shown to add significantly to prediction

from clinical variables, and be feasible and cost-effective.

This requirement is not superfluous, as was demonstrated

by the ADHD 200 competition where prediction on the

basis of personal characteristics outperformed the predic-

tion on the basis of resting-state MRI data [21].

There are several explanations for the existence of this

translational gap. The first is that patients participating in

brain imaging studies are, in general, not at all representative

of the patients in the real world of daily clinical practice. For

the typical brain imaging study, participants have to satisfy

strict inclusion and exclusion criteria, and this often leads to

exclusion of the most severe patients who present with the

highest levels of anxiety, restlessness, hyperactivity, mania,

and paranoia. By the same logic, participants with compli-

cating comorbid disorders tend to be excluded. There are also

indications for age bias. Thus, cognitive activation studies in

autism have been focused strongly on adults rather than on

children and adolescents with the disorder [22]. There are

hardly any imaging studies in subjects with more severe

autism, in spite of the fact about 40 % of all subject with

autism are low functioning [23].

A second issue is that successful translation asks for

collection of different data and probably also a different

type of researcher. Brain imaging databases have to be

enriched with standardized and reliable information about

the development of symptoms and impairment over time,

the type and intensity/dosage of medical and non-medical

interventions, response to treatment, and assessment of side

effects and complications of treatment. Designing and

conducting these brain imaging studies type 2.0 requires

input from clinical researchers and neuroscientists with a

clinical interest and a keen eye toward translational

potential and valorization. Scanning time and procedures

may need to be compromised or spread over time and a

basic set of structural, diffusion weighted and resting-state

MRI scans acquired. The latter may suffice to capture more

than 90 % of the relevant information about neural net-

works that is provided by more complicated and time

consuming activation paradigms [24].

There is an urgent need to close the gap between basic

brain imaging studies and clinical practice, and move

clinical—child and adolescent—psychiatry into clinical

neuroscience.
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