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Introduction
Described as “dementia praecox” by Emil Kraepelin in the

early 1900’s, schizophrenia was considered a brain disease at
that time.1 It was predicted that the future would bring
investigative techniques that would enable scientists to better
understand the neuropathology of the illness. As we enter
the 21st century, the predictions of Kraepelin and his
contemporaries have become real, as MRI and more
sophisticated neuroimaging techniques have emerged,
unveiling many structural abnormalities that are best elucidated
through in vivo neuroimaging.

Neuroimaging allows for the in vivo measurement of brain
regions without the potential confounds of fixation, and other
sources of artifact that can influence postmortem examination
of brain tissue. Furthermore, neuroimaging can be used to
study first-episode patients, as well as the high-risk relatives
of patients, thus understanding the biology of the illness
without the potential confounding effects of age, prior
treatment and illness chronicity.2

Imaging studies have consistently revealed differences
between specific brain regions in schizophrenia patients
compared to controls.3,4 Since the 1970’s, many imaging studies
have provided strong evidence that schizophrenia is a
neuropathological disease process and may be associated with
abnormal neurodevelopment. The brain regions found to be
abnormal in schizophrenia patients may comprise brain circuits
and pathways that contribute to positive and negative
symptoms and executive function déficits.6-8 Using MRI, our
laboratory has discovered abnormal brain regions in chronic
and treated schizophrenia patients, treatment-naïve, first-
episode schizophrenia patients, and the high-risk offspring of
schizophrenia patients. In this paper we will provide an
overview of our findings and those of other researchers and
critically discuss these findings in the context of the vast
emerging literature.

Ventricles
Since 1976, many studies have consistently revealed

enlarged lateral ventricular volumes in schizophrenia patients
as compared to controls; in fact, this may be the most replicated
finding in schizophrenia research.3,4,9-13 The significance of
enlarged ventricular volume remains to be understood, as this
condition also occurs in hydrocephalus, Alzheimer’s Disease,

and Huntington’s Chorea. Few studies have clarified whether
the reduction in ventricular volume is independent of or
secondary to tissue loss in surrounding brain regions. Our
laboratory recently found reduced thalamic volumes in first-
episode schizophrenia patients,5 which did not correlate with
lateral or third ventricular volumes in these patients. This
finding may suggest that the ventricular and surrounding
tissue volume reductions are independent of each other.
However, a more thorough analysis of this relationship needs
to be explored.

Basal ganglia
Several studies have reported reduced basal ganglia volu-

mes in schizophrenia patients.14-18 It has been postulated that
abnormal basal ganglia volumes may explain the abnormal
involuntary movements and, possibly, the cognitive
dysfunction seen in schizophrenia. The majority of
neuroimaging studies measuring basal ganglia volume have
examined the brains of chronic, treated schizophrenia patients.
We have conducted a morphometric MRI study in a series of
first-episode, neuroleptic-naïve schizophrenia patients; we
found volume reductions in the left, right, and total caudate
nuclei.19 Interestingly, in a previous study, we found that
caudate volumes increased from baseline, following treatment
with conventional antipsychotic medications.20 Reduced
striatal volumes in treatment-naïve patients have been
replicated in other studies, as well as increased caudate size
following neuroleptic treatment.21,22

Thalamus
Recently, there has been increasing interest in examining

the role of the thalamus in schizophrenia. A vital relay station
to the cortex, the thalamus has connections with multiple
sensory pathways in the brain. Furthermore, post-mortem
studies have consistently revealed reduced thalamic volumes
and, as mentioned prior in this paper, the reduction in
ventricular volumes in schizophrenia has been postulated to
be secondary to surrounding tissue loss.  Early studies
revealed a combination of findings, including reduced and
normal thalamic volumes; however, the majority of these
studies examined chronic, treated patients.3,23 We found
reduced thalamic volumes in treatment-naïve, first-episode
schizophrenia patients as well as reductions in regions of the
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thalamus that grossly reflect individual thalamic nuclei, such
as the dorsomedial nucleus and pulvinar.* Our total thalamic
volume findings are consistent with other studies of early
episode and neuroleptic-naïve patients. Few studies, however,
have examined the volume of individual thalamic nuclei because
current MRI magnets are not powerful enough to delineate
these structures. The thalamus is a mosaic of subnuclei, with
individual and shared cortical and subcortical connections.
Measurement of total thalamic volume is important, but may
neglect the regional differences within the thalamus that may
contribute to the illness. We are currently measuring thalamic
volumes and thalamic subdivision volumes in the young high-
risk relatives of schizophrenia patients (i.e. offspring, siblings)
to explore the potential neurodevelopmental role of the
thalamus in the pathogenesis of schizophrenia.

Frontal lobe
Due to the cognitive and behavioral deficits characteristic

of schizophrenia, prefrontal cortical morphology has been an
area of interest in schizophrenia research. Although the fron-
tal lobe is a highly complex conglomeration of several
substructures, many studies have measured total frontal lobe
volume and reported volume reductions.25 Few studies,
however, have measured subregions of the prefrontal cortex.
Recently, reductions in dorsolateral and orbitofrontal patients
have been reported.26 There has also been recent interest in
measuring components of the heteromodal association cortex
(HASC) in schizophrenia; this system is comprised of the
planum temporale (PT), dorsolateral prefrontal cortex (DLPFC),
Broca’s area, and the inferior parietal lobule (IPL).27,29 Using
cortical sub-parcellation and cortical “paint” techniques,30 a
few laboratories have reported right and left inferior prefrontal
cortical volume deficits as well as a trend for left DLPFC volu-
me reduction.30,27,28 Due to the small size of frontal subregions,
replications of abnormal morphological findings are warranted.
Furthermore, future analysis of subregions with higher power
MRI may better depict subtle differences that current imaging
is unable to measure.

Temporal lobe
Associated with auditory and language processing, and

having many limbic connections, the temporal lobe may play
a significant role in schizophrenia. Many studies have
measured whole temporal lobe volumes as well as neocortical
temporal lobe and medial temporal lobe volumes. The majority
of MRI studies have found smaller whole temporal lobe volu-
me in schizophrenia.17,23,31,32 As with the thalamus, total tem-
poral lobe volume measurements are important but may neglect
the potentially significant subdivisional volumetric
differences. The medial temporal lobe is composed of the
amygdala-hippocampal complex and the parahippocampal
gyrus. Most studies have measured amygdala-hippocampal
volumes together because they are too difficult to delineate
separately. The majority of studies have reported reduced
amygdala-hippocampal complex volumes in both chronic and
first-episode patients.33-35 Reduced parahippocampal gyrus

volumes have also been reported.36 The neocortical temporal
lobe is composed of the superior temporal gyrus (STG) and
the planum temporale (PT). Several MRI studies have reported
reduced volumes in left STG.31,37 Furthermore, reduced total
STG volumes have been described in first episode
schizophrenia patients.35,38 Our laboratory has found similar
left STG volume reductions in first episode schizophrenia
patients. Interestingly, following one year of neuroleptic
treatment, the STG volumes were reversed.39 Consistent with
other studies, our laboratory has also found reduced
hippocampal volume in schizophrenia patients as well as in
the at-risk relatives of schizophrenia patients.40,41

Cerebellum
Recently, there has been increased interest in examining the

role of the cerebellum in the pathogenesis of schizophrenia.
The cortical-cerebellar-thalamic-cortical circuit (CCTCC) has
been implicated as a potential contributor to the motor and
cognitive dysfunction seen in schizophrenia.7 MRI studies
have reported both enlarged and reduced cerebellar volumes
in schizophrenia patients.23,24 Our laboratory found reduced
cerebellar and vermal volumes in schizophrenia patients
compared to controls.42 We are currently measuring specific
cerebellar regions in both first-episode schizophrenia patients
as well as the high-risk offspring of schizophrenia patients.

Corpus collosum
The corpus callosum (CC) is the major commissural pathway

between the cerebral hemispheres and may play an important
role in human behavior and neuropsychiatric disorders. Several
studies have revealed variable results in measurements of the
CC in schizophrenia, which may reflect effects of gender, illness
chronicity, and neuroleptic exposure.43-45 Our laboratory
recently measured CC volumes in first-episode schizophrenia
patients. Consistent with a recent shape analysis study of CC
volumes, we found that the size of the CC was reduced in first-
episode patients compared to both psychotic and normal
controls.46 We also found these patients to have reduced vo-
lumes in regions of the corpus callosum, including the anteri-
or genu, anterior body, isthmus, and anterior splenium.
Furthermore, the normal age-related increase in size in CC
volumes was absent in the first-episode schizophrenia
patients, suggesting abnormal CC neurodevelopment in
schizophrenia.

Future studies
MRI has been a valuable tool in the study of the

pathogenesis and pathophysiology of schizophrenia. MRI’s
capacity to measure brain regions in a non-invasive, in vivo
approach, has allowed for the study of chronic, treated,
treatment-naïve, early episode, and offspring of schizophrenia
patients. As we have revealed in this paper, many important
differences between schizophrenia patients and controls have
emerged. The abnormal brain regions are components of brain
circuitry that may be altered in schizophrenia.  For example,
the reports of reduced prefrontal, basal ganglia, cerebellar and
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thalamic volumes may suggest that there is abnormal cortical-
striatal-thalamic-cerebellar activity in schizophrenia. Our
laboratory has revealed that these findings are seen in
treatment-naive, first-episode patients, which may implicate
this circuit in the development of the illness. We are currently
measuring these brain regions in the high-risk relatives of
patients to better understand the pathogenesis of the illness.
As reported in this paper, total regional measurements are
important but can minimize the significant sub-regional
differences that may be present in the illness.  For example,
the thalamus is composed of several nuclei that have indivi-
dual connections and functions. Unfortunately, current MRI
technology does not allow for the delineation of these specific
nuclei and, therefore, we must devise alternative and less
sensitive approaches towards their measurement. We predict
that higher resolution imaging will soon emerge and allow for
the more detailed analysis that is needed. Approaches to
analyze MRI images are also likely to become more
sophisticated, with the use of global image averaging and
voxel based morphometric approaches.23 We also predict that
the near future will bring more advanced imaging techniques

to allow for the measurement of specific circuits. For example,
our laboratory is currently employing diffusion tensor imaging
(DTI) to measure the integrity of white matter tracts within the
brains of schizophrenia patients. DTI allows the use of MRI
regional measurements as a guide to examine the circuits that
these regions compose; in a sense, a sophisticated “connect
the dots” approach.

What is the meaning of volumetric differences in patients
with schizophrenia? Does reduced volume mean reduced
activity? It is important to note that MRI regional
measurements do not provide information regarding activity.
Brain activity is far too complex to be influenced and
understood by volume alone. MRI studies can be used as a
guide to further examine the circuits that these regions
compose as well as to measure their activity using more
sophisticated functional imaging technology.
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