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Abstract: The past decade has seen significant advances in imaging techniques used to measure structure and function in 

the human brain and many of these have direct relevance to psychiatry. Psychiatric disorders clearly pertain to brain 

function, however the underlying biology of these putative dysfunctions remains obscure. From a research perspective 

integrated use of novel imaging techniques in conjunction with clinical assessments now affords an opportunity to 

advance our understanding of the pathophysiology of psychiatric conditions by allowing the in vivo investigation of 

abnormalities of brain function as they relate to changes in cognition, mood and behaviour. Whilst most of these imaging 

techniques are still very much entrenched in the research domain, it is important that clinicians understand the benefits of 

these new technologies while also appreciating their limitations. These imaging techniques are constantly evolving and 

hold significant potential to one day provide clinical insights that inform diagnosis and management. 
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INTRODUCTION 

 Technological advances in physics and computing along 
with a strong desire to understand the brain in terms of its 
structure and function have contributed to the development 
of sophisticated technology which permits an unprecedented 
ability to dissect the ‘working brain’ and better understand 
its neurobiology [1]. Progress in the field has been 
accelerated through iteration between an increasing 
knowledge base and methodological developments. The 
examination of diffuse processes such as metabolism and 
blood flow using Positron Emission Tomography (PET) has 
evolved to encompass receptor-imaging studies that map 
neuronal localisation within the brain. In the rapidly growing 
field of cognitive neuroscience, functional Magnetic 
Resonance Imaging (fMRI) is proving to be a useful tool that 
in combination with sophisticated signal processing and 
advanced statistical and visualisation equips investigators 
with the ability to probe the mind and secure findings to the 
anatomy of the brain. Similarly, Magnetic Resonance 
Spectroscopy (MRS) has opened a neurochemical portal that 
permits in vivo sampling of chemical activity. Collectively, 
in addition to better understanding the architecture of the 
brain and its changes through neurodevelopment and 
neurodegeneration, these technologies have revealed 
meaningful associations between brain biology and human 
behaviour, both in health and disease. Coupled with more 
recent developments, which permit the partitioning of grey 
and white matter regions in the brain, along with the ability 
to individually track white matter fibres using Diffusion 
Tensor Imaging (DTI), it becomes apparent that  
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neuroimaging today is able to provide unique insights into 
mentation and psychopathology and as a consequence 
aetiopathological models traditionally observed in 
psychiatric practice have shifted in focus from the mind to 
the brain. These advances have made it possible to 
investigate neural connections and the complex functional 
relationships between specific regions of the brain. 

 In this review we summarise progress that is being made 
in the field of imaging as it relates to psychiatric disorders 
and discuss the direction that future research is taking in 
tandem with its implications for clinical practice. As the 
discipline of psychiatry is broad and the imaging research 
being conducted extensive, the scope of this article precludes 
a comprehensive review across the breadth of the topic. 
Instead a detailed review of noteworthy findings, spanning a 
number of imaging modalities, across key psychiatric 
disorders is tabled. 

Mood Disorders 

 Imaging research of mood disorders that encompasses 
major depression and bipolar disorder has been confounded 
by a lack of consistency in phenotypic grouping. Research to 
date has robustly identified limbic circuits in the generation 
and regulation of emotion and in particular frontostriatal 
circuits can be readily visualised using functional imaging 
techniques using paradigms that reliably modulate emotional 
tone. 

 Much of the early imaging research in mood disorders 
investigated structural differences in the brains of these 
patients and in particular attempted to differentiate gray from 
white matter. The majority of imaging studies that compared 
total brain volume of unipolar or bipolar disorder patients 
against that of healthy controls have found no significant 
differences [2-4]. The most consistent structural imaging 
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finding in studies of patients with mood disorders is that of 
increased white matter hyperintensities (WMH) in unipolar 
patients [5, 6]. WMH are changes identified on the MRI scan 
that signify a change of water content in the brain. A similar 
finding is noted in patients with bipolar disorder especially 
in subcortical gray, periventricular and deep white matter [6, 
7]. However, signal hyperintensities lack anatomical and 
diagnostic specificity. They occur with ageing and are found 
in a variety of neuropsychiatric disorders including 
schizophrenia and dementia, hence their pathophysiological 
significance remains unclear. Volumetric brain studies 
suggest that there is a reduction in prefrontal cortical volume 
in unipolar depressed patients when compared to healthy 
controls [2, 8-11]. Further, structural MRI voxel-based 
morphometric analysis in patients with chronic treatment-
resisitant depression [12], has identified reduced temporal 
lobe gray matter density in the anterior hippocampus. In 
bipolar disorder, temporal lobe changes are far less 
consistent with reports of both decreases [13] and increases 
[10, 14]. Amygdala enlargement however, is a more 
consistent finding [15, 16] which supports its putative role in 
emotional processing. Thus, temporal lobe changes seem to 
distinguish unipolar and bipiolar disorder such that the 
hippocampus is reduced in size in unipolar depressed 
patients but largely unaltered in patients with bipolar 
disorder, whereas the reverse is true as regards the amygdala. 
In addition to cortical changes, striatal pathology is strongly 
implicated in the pathophysiology of mood disorders. Recent 
studies suggest reductions in size and changes in 
morphology of the anterior cingulate architecture in bipolar 
disorder [17]. 

 Apart from structural brain changes, patients with mood 
disorders also exhibit functional abnormalities. A consistent 
finding in Cerebral Blood Flow (CBF) studies of mood 
disorder patients is that of decreased activity in anterior 
paralimbic as well as in additional cortical regions in 
response to paradigms that employ emotional stimuli. In 
major depression this finding of diminished blood flow 
reverses with successful treatment of the illness. Further, in 
depressed bipolar patients there is additional increased 
subcortical paralimbic metabolism [18] and together these 
findings support a limbic-cortical dysregulation model of 
depression [19]. This model posits dorsal neocortical 
hypofunction that precipitates ventral paralimbic overactivity 
along with reciprocity in this inverse relationship. 

 Proton spectroscopy studies in depressed patients have 
found modest increases in the concentration of choline 
within the basal ganglia and anterior cingulate [20]. These 
changes are more pronounced in patients that respond to 
antidepressants and although in need of further replication, it 
is likely that basal ganglia choline concentration is mood-
state dependant [21]. Proton spectroscopy studies of bipolar 
patients also suggest state related changes in metabolism. 
Specifically, studies report diminished dorsolateral prefrontal 
N-Acetyl-Aspartate (NAA) and creatine that indicates a 
decrease in neuronal density [22, 23]. Basal ganglia NAA is 
also diminished in patients with bipolar disorder, especially 
in patients with a late onset of illness and more fine-tuned 
MRS studies have identified a reduction of orbito-frontal 
gray matter NAA [24]. It is well established that the 
neurotransmitter serotonin is strongly implicated in the 
pathophysiology of mood disorders and investigations have 

been significantly facilitated with the introduction of 
Positron Emission Tomography (PET) imaging and the 
development of specific ligands [25]. More specifically, the 
serotonin transporter (SERT) is strongly linked to the 
pathophysiology of depression [26] and its in vivo 
availability can be determined using selective PET 
radioligands that image the human 5HT transporter site. 
Binding to the serotonin transporter, serves as a proxy for the 
level of intrasynaptic serotonin, such that diminished binding 
is indicative of a decrease in intrasynaptic serotonin, 
essentially denoting diminished serotonergic functioning 
[27]. A recent study that utilising a selective PET radioligand 
for the human 5HT transporter site compared unipolar and 
bipolar patients that were antidepressant naïve with healthy 
controls. This study found significantly increased SERT 
availability in the thalamus of patients as compared to 
controls [28] suggesting that the thalamus is involved in the 
pathophysiology of mood disorders. A separate study that 
used the same PET ligand to examine drug-free depressed 
patients found significantly greater right cingulate and left 
frontal 5HT transporter site binding as compared with 
healthy controls [29]. PET studies in patients with bipolar 
and major depression examining 5-HT1A receptor function 
have found significant reductions in receptor binding in 
limbic, frontal and temporal cortical regions [30]. Similarly, 
5-HT2A receptor PET studies also report a decrement in 
patients with major depression relative to controls [31, 32] 
however, interestingly some studies find no difference [33]. 

 Functional MRI has revolutionised the manner in which 
brain function is studied by providing an avenue for 
examining the workings of the brain. Functional MRI 
methodology is particularly useful in psychiatry for 
investigating aberrant circuitry involved in processing 
emotion and in recent years it has been increasingly used to 
investigate the mood-disordered brain. With respect to 
unipolar depression, fMRI studies which have employed 
stimuli with positive and negative valences have consistently 
reported decreased BOLD activations in the dorsal prefrontal 
cortex (BA9) that is reversed with effective treatment [34, 
35]. Responses in this region have also been identified in 
healthy subjects during memory driven sadness and 
happiness suggesting that the right prefrontal cortex (BA9) is 
an important destination for limbic projections and that it 
perhaps plays a modulating role in mood states [36]. 
Specifically, responses in BA9 indicate emotional awareness 
that focuses attention to internal emotional states [37] and 
involves greater cognitive emotional processing. The 
anterior cingulate is another region that appears to be integral 
to emotional decision making and is functionally pivotal to 
the experience of emotion, perhaps by virtue of its reciprocal 
interconnections to the orbital frontal cortex, amygdala and 
insula [38]. Functional activation and resting-state treatment 
studies [35, 36] along with neuropsychological and lesion 
studies [39] strongly implicate the sub-genual cingulate 
(BA25) in the pathogenesis of clinical depression, a region 
that is activated by autobiographical script-induced sadness 
[35, 40]. However, the latter is not definitive as it may 
simply process the cognitive aspects of internally generated 
emotion rather than sadness per se. 

 In addition to the anterior cingulate, the amygdala is also 
of great interest as it has been shown to be activated across a 
range of functional imaging studies including those related to 
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the detection of environmental threat and the experience of 
fear [41]. It is possible that its function is more general, 
determining for instance the dangerousness of affective 
stimuli or indeed their salience in respective of valence. 
Hence, in addition to fearful and averse stimuli [42] sad and 
happy affect [43] can also produce amygdala activation in 
functional imaging experiments in healthy volunteers and 
patients with major depression and bipolar disorder [44]. 

 In examining bipolar disorder, fMRI studies have shown 
reduced activation notably in the left rostral ventral 
prefrontal cortex [45], and interestingly, hippocampal [42] 
and amygdala activation [43] have been found in both 
unipolar and bipolar patients resulting in a pattern of 
diminished prefrontal activation in major depression, and 
state-related subcortical activation in bipolar disorder [43, 
46, 47]. 

 It is now well established that mood disorders are 
characterised by functional abnormalities that are readily 
identifiable using fMRI. However, the significance and 
interpretation of these observed changes within a clinical 
context is complicated partly because of the effects of 
medication, but also because of the complexity of emotional 
networks and our incomplete understanding of the 
integration of these networks with higher cognitive 
processes. 

Schizophrenia 

 Converging neuropathological evidence from 
macroscopic and histological brain studies suggest that 
schizophrenia is a neurodevelopmental disorder. 
Functionally, there are distinct neurocognitive deficits, the 
neuropsychological underpinnings of which have been well 
described in the literature. Schizophrenia has therefore been 
an ideal candidate for both structural and functional imaging 
research. In addition, the dominant dopamine hypothesis that 
has driven drug development in schizophrenia has fostered 
imaging receptor studies that have examined many aspects of 
dopaminergic function. 

 Structural MRI has been particularly useful in 
schizophrenia research. In these patients WMHs are common 
and occur especially in late onset schizophrenia [48]. On the 
other hand, reductions in prefrontal cortical white matter 
volume have also been found in first-episode schizophrenia 
as well as twin studies and these changes have been 
associated with negative symptoms [49]. Early volumetric 
studies of schizophrenia patients reported enlarged lateral 
cerebral ventricles and initially, these changes were thought 
to be associated with diffuse brain atrophy. However, more 
recently it has been established that these changes associated 
with focal decreases in brain parenchyma in specific brain 
regions and nuclei, such as the putamen, thalamus and 
superior temporal gyrus [50]. This finding is further 
supported by a study that identified diminished mediodorsal 
and pulvinar thalamic nuclei volume in schizophrenia [51]. 
More recently, Diffusion Tensor Imaging (DTI) has further 
delineated structural deficits in schizophrenia. One group for 
instance has localised executive functional deficits to the left 
cingulate bundle, and declarative-episodic verbal memory 
deficits to the left uncinate fasciculus, in patients with 
schizophrenia [52]. In this regard DTI has been usefully 
applied to corroborate structural imaging findings with white 

matter tract changes occurring in prefrontal and temporal 
brain regions [53]. 

 In the past, PET and SPECT studies have used 
amphetamine-induced reduction of raclopride binding to 
identify changes in dopamine D2 receptors. These 
neurotransmitter function studies show that there is increased 
dopamine release in schizophrenia corroborating the 
dopamine hypothesis theory [54]. Further, spectroscopy 
studies in schizophrenia have consistently reported a 
reduction in frontal and temporal cortex NAA concentrations 
suggesting neuronal loss that is in keeping with a localised 
reduction of gray matter [55]. 

 A recent 
18

F-FDG PET study of glucose metabolism 
examined thalamic sub-divisions in patients with 
schizophrenia in 41 unmedicated patients and compared 
these with 60 matched healthy controls. The results of the 
study found significantly diminished glucose metabolism in 
the mediodorsal nucleus and centromedian nucleus of the 
thalamus in patients with schizophrenia compared to 
controls, but interestingly in the pulvinar it was significantly 
enhanced. A further finding from this study was that 
diminished mediodorsal nucleus glucose metabolism 
correlated with negative symptoms whereas diminished 
pulvinar glucose metabolism correlated with positive 
symptoms and hallucinations [56]. The partitioning of 
thalamic regions with contrasting changes in glucose 
metabolism and the correlation of these abnormalities to 
clinical phenomenology in this study demonstrates how 
sophisticated neuroimaging can inform our understanding of 
complex psychiatric illnesses such as schizophrenia. 

 In this context fMRI has also been useful in examining 
frontal lobe dysfunction that is thought to be at the core of 
schizophrenia. A consistent finding across a number of 
imaging modalities in schizophrenia has been that of 
hypofrontality, namely an inability to generate a frontal 
cerebral response to a specific task [57, 58]. This 
hypofrontality on fMRI is consistent with early PET and 
SPECT findings and some evidence suggests that it can to a 
degree be reversed, as shown by a verbal working memory 
fMRI study [57]. However, in recent times the notion that 
hypofrontality may constitute a trait marker has been 
challenged with several studies now reporting increased 
prefrontal activity in patients with schizophrenia [59, 60] 
particularly in studies which have employed the use of 
parametric-type experimental paradigms where experimental 
load is modulated [60, 61]. The reasons for the disparity in 
results observed in the prefrontal cortex may in part be due 
to experimental factors and it seems that the observed 
increased in activity may relate to the recruitment for 
additional resources in response to increasing load, a process 
that may not be occurring equally in healthy subjects as 
existing resources may be adequately coping with the 
increased demand. Other factors which can’t be excluded 
entirely but are difficult to verify may include the 
heterogeneity of the patients sample but also the number of 
included subjects. In other studies patients with 
schizophrenia have been shown in fMRI studies to have 
reduced activation in the left temporal lobe, right frontal lobe 
and left cerebellum. 

 More recently momentum has shifted to the field of 
genetics-imaging. This relatively new domain examines a 
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number of key genes and their likely contributions to the 
cognitive symptoms experienced by schizophrenia patients 
and examining the interplay between genetics and behaviour 
has provided further insights into the pathophysiology of 
schizophrenia. The COMT gene has received significant 
attention in part due to its functional validity thus making it 
an obvious target for neuroimaging studies [62]. Several 
fMRI studies have reported a robust relationship between 
COMT polymorphisms and prefrontal activity including 
working memory performance to the point where the COMT 
genotype can predict performance on prefrontal function [63, 
64]. Whilst the exact mechanism by which the COMT 
genotype modulates prefrontal activity has yet to be 
elucidated, the hypothesis is that the COMT Met allele 
together with higher synaptic dopamine concentrations 
results in a dysregulation of local GABA and glutamate 
transmission to the prefrontal cortex. The glutamatergic 
neurotransmitter system has also received recent attention 
with the particular focus on postsynaptic markers [65]. It has 
been suggested that the polymorphisms in the GRM3 gene 
(which encodes the metabotropic glutamate receptor), may 
be associated with cognitive changes observed in 
schizophrenia, and this may be mediated via altered 
glutamate transmission. However, as no single 
polymorphism has been identified in schizophrenia, this may 
imply that the GRM3 gene exerts its effects via the 
regulation of other glutamate-related proteins rather than via 
a direct route [66]. The G72 gene, associated with glutamate 
function, has also been the subject of several investigations 
and whilst numerous significant genotype-by-diagnosis 
interactions for cognitive measures have been reported [67], 
a lack of association between the effects of G72 SNPs on the 
risk of schizophrenia and cognitive impairment limits its 
interpretation with regards to the manifestation of cognitive 
impairments in this group. 

Post Traumatic Stress Disorder (PTSD) 

 PTSD is caused by exposure to extreme trauma in which 
the person has experienced an event or a threat to the 
physical integrity of that person or others. The characteristic 
response involves intense fear, helplessness or horror. The 
pathophysiology of PTSD is linked to four mechanisms that 
include the fear response, a failure of fear extinction, 
behavioural sensitisation and memory problems. The 
structures involved in these processes include the sensory 
cortex, the dorsal thalamus, the lateral and central nucleus of 
the amygdala, the medial prefrontal cortex and hippocampus. 
These brain structures can be readily accessed using a variety 
of imaging techniques and the phenomenology of PTSD 
clearly lends itself to neurocognitive scrutiny. 

 Several studies have reported structural changes in PTSD 
patients involving the anterior cingulate cortex and the 
hippocampus [68]. The latter is reduced in size by a number 
of types of trauma including physical and sexual abuse [69]. 
However, despite these changes a causal relationship 
between reductions in hippocampal volume and a traumatic 
stressor is difficult to substantiate. Structural MRI studies of 
patients with PTSD have focussed on the hippocampus with 
few specifically examining the amygdala. 

 In contrast functional studies including PET, SPECT and 
fMRI have been particularly useful in investigating and 
understanding the pathophysiology of PTSD. Converging 

evidence from these studies suggests a pattern of altered 
metabolic activity in the medial prefrontal cortex-amygdala 
circuit [70]. The most consistent findings have been those of 
increased amygdala and decreased medial prefrontal cortex 
activation [71] whereas functional imaging responses in the 
hippocampus and parahippocampal gyrus have been much 
less consistent [69]. However, overall the findings support 
the hypothesis that there are two acute trauma response 
subtypes, one that is mainly dissociative and the other that is 
characterised by hyperarousal and intrusions [72]. 

DISCUSSION 

 Over the past decade, imaging has made a discernable 
impact upon our understanding of the neural processes that 
form the basis of psychiatric disorders. Currently the 
majority of psychiatric imaging is research-orientated. 
However, it is important to note its enormous clinical 
potential in psychiatry. Equally it is important to 
acknowledge the rapid advances that have been made in the 
research realm in a comparatively short period of time and 
the impact this has had on our understanding of the neural 
processes that form the basis of psychiatric disorders. Such is 
our understanding that in a relatively short period of time 
this knowledge has translated into a clinical domain and 
currently is used for in neurosurgical planning for severe, 
treatment resistant neuropsychiatric disease [73, 74] where 
information gleaned from imaging studies examining 
structure-function relationships provides anatomical target 
sites for restorative neurosurgical interventions. Given this 
rate of progress it seems inevitable that imaging will at some 
point in the near future be incorporated into routine clinical 
investigations alongside psychiatric mental state examination 
and neuropsychological evaluation. It is important however, 
to check our enthusiasm as at present imaging is somewhat 
limited in what it can offer clinically. Many structural and 
functional findings, for instance, relate to comparisons 
across groups of subjects and have little relevance to an 
individual with a psychiatric disorder. In reality imaging is 
just beginning to categorise the phenomena of the brain. This 
is perhaps not surprising since the neurobiology of cognition 
and the neural substrates of behaviour are by design complex 
and do not lend themselves easily to scientific examination. 
Added to this are the complexities of clinical populations 
such as the effects of medication and co-morbidity across 
psychiatric disorders. 

 A critical question in neuroimaging research of mood 
disorders is that of whether imaging findings are state or trait 
related. Trait related changes have the potential to provide a 
biological marker of the illness, which in practice may 
precede the manifestation of symptoms, and state-related 
changes offer potential means for monitoring treatment 
response. For schizophrenia, the challenges lie in the ability 
to combine complimentary imaging with neurochemical and 
genetic probes. It is clear that multiple genes that 
individually have small effect but through interactions exert 
significant influence mediate the risk of disease for many 
psychiatric disorders. Research that combines imaging and 
genetics may provide a powerful means of ‘genotyping’ 
patients at risk. Finally, in PTSD there is increased optimism 
that imaging may shed light on the aberrant brain circuits 
that subserve the illness and how changes in the functioning 
of these brain regions modulates the suppression of 
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memories. Insights into the workings of this neural circuitry 
may help in the development of new treatment strategies. 
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