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Abstract 
 
Background: Preliminary evidence suggests abnormal basal ganglia and cerebellar loops in schizophrenia. Few 
studies have examined the striatocerebellar system in never-treated schizophrenia. Objective: The study objec-
tive was to examine the striato-cerebellar system using Magnetic Resonance Imaging (MRI) in never-treated 
schizophrenia. Methods: MRI was done in never treated, right-handed, schizophrenia (DSM-IV) patients 
(n=15) and age-, sex-, education- and handedness-matched healthy controls (n=15). Right and left caudate 
volumes as well as cerebellar vermis area were measured using Scion Image software. Psychopathology was as-
sessed using Positive and Negative Syndrome Scale. Results: Patients had significantly smaller right (df=2, 27; 
F =4.5; p=0.042) and left (df=2, 27; F=4.3; p=0.048) caudate volumes as well as smaller cerebellar vermis 
area (df=2, 27; F=6.5; p=0.017) were significantly smaller in patients than controls after controlling for in-
tracranial area. Cerebellar vermis area correlated significantly with right caudate volume (r=0.6; p=0.04) in 
patients but not in controls. Conclusions: Smaller caudate nuclei and cerebellar vermis in never-treated schizo-
phrenia supports neurodevelopmental etiopathogenesis. Significant correlation between right caudate and cere-
bellar vermis in patients suggests related striato-cerebellar abnormality in schizophrenia (German J Psychiatry 
2003; 6: 1-7). 
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Introduction 

everal lines of evidence implicate the basal ganglia (Bu-
satto and Kerwin, 1997; Ring and Serra-Mestres, 2002) 
and cerebellar vermis (Andreasen et al., 1999; Loeber et 

al., 2001) in the pathophysiology of schizophrenia.  

Magnetic Resonance Imaging (MRI) studies of the basal 
ganglia have appeared in the literature with conflicting 
results (see for review, Shenton et al., 1997). These incon-

sistencies may be related to methodological issues, e.g., use 
of thick slices with interslice gaps, making it difficult to 
avoid partial volume effects. Evidence suggests that treat-
ment with antipsychotic can alter the size of caudate (Ke-
shavan et al., 1994; Gur et al., 1998; Westermoreland et al., 
1999). Most of the studies on caudate nucleus in schizo-
phrenia involved previously treated schizophrenic patients 
and hence neuroleptic exposure could be a confounding 
factor. Of the few studies comparing caudate volumes in 
neuroleptic-naïve schizophrenia patients and controls sub-
jects, three studies have reported the caudate nucleus to be 
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significantly smaller in patients (Shihabuddin et al., 1998; 
Keshavan et al., 1998; Corson et al., 1999). Similarly, MRI 
studies have shown conflicting results with regard to cere-
bellar vermis measurements in patients with schizophrenia 
(see for review, Loeber et al., 2001). The only study involv-
ing neuroleptic-naïve patients has shown smaller cerebellar 
vermis in schizophrenia (Ichimiya et al., 2001).  

The traditional view that the basal ganglia and cerebellum 
are simply involved in the control of movement has been 
challenged in recent years. Neural networks reciprocally 
interconnect cerebral cortical areas with the basal ganglia 
and cerebellum. Recently, alterations in basal ganglia and 
cerebellar loops have been suggested in schizophrenia 
(Middleton and Strick, 2000).  

Few studies have examined the striato-cerebellar abnor-
malities in never-treated schizophrenia. In this study, we 
have examined the relationship between caudate nucleus 
and cerebellar vermis using MRI in never-treated schizo-
phrenia.  

Methods 

Subjects 

The subjects for the study consisted of fifteen patients 
and fifteen age, sex, education, and handedness matched 
healthy controls. The patients were recruited from National 
Institute of Mental Health and Neurosciences (NIMHANS) 
outpatient department if they met DSM-IV criteria for 
schizophrenia and had never received antipsychotic medica-
tion or electro convulsive therapy. The Schedules for Clini-
cal Assessment in Neuropsychiatry (SCAN) (Version 2.1) 
(World Health Organization, 1998) was administered 
(GVS) for the diagnosis of patients. (The first author (GVS) 
underwent training program for administering SCAN be-
fore starting the study). This diagnosis was re-confirmed by 
consensus following independent clinical interview by two 
experienced psychiatrists (BNG & NJR). The diagnosis was 
found to be stable at one-year follow-up as re-assessed by 
one of these two experienced psychiatrists (BNG or NJR). 
Psychopathology was assessed by the Positive and Negative 
Syndrome Scale (PANSS) for schizophrenia (Kay et al., 
1987).  

Hospital staff members, their relatives and friends formed 
the control group. The controls were selected after screen-
ing using GHQ (12 items version) (Goldberg et al., 1997). 
A detailed history was taken to rule out psychosis in any of 
the family members. None of the normal controls had any 
family history of psychotic illness. Normal controls, as a 
group, were matched with the schizophrenia patients for 
age, sex, handedness, and number of years of education.  

The demographic and clinical information regarding the 
subjects were collected with the help of a structured pro-
forma. A detailed history is obtained and a comprehensive 

mental state and physical examination was conducted. All 
subjects were right-handed as assessed by Annett’s ques-
tionnaire (Annett, 1967). No subject had any contraindica-
tions to MRI (cardiac pacemaker, aneurysm clip, cochlear 
implants, pregnancy, IUD, history of metal fragment in 
eyes, neurostimulators, weight of 250 lbs. or more, claus-
trophobia). None of the subjects had any medical illness 
that may significantly influence CNS function or structure, 
significant neurologic disorder such as seizure disorder, 
cerebral palsy, or history suggestive of delayed developmen-
tal milestones (suggestive of mental retardation), family 
history of hereditary neurologic disorder that may compli-
cate diagnosis, co-morbidity for DSM-IV psychoactive sub-
stance dependence, or lifetime history of head injury associ-
ated with any of the following: loss of consciousness longer 
than 10 minutes, seizures, neurological deficit, depressed 
skull fracture, surgical intervention, or central nervous 
system infection. Female subjects were neither pregnant nor 
were within the postpartum period. None of the subjects 
had dyskinesia (as assessed using the Abnormal Involuntary 
Movements Scale (Guy, 1976)) or parkinsonism (as assessed 
using the Simpson and Angus Scale (Simpson and Angus, 
1970). All participants provided written informed consent. 
The Institute’s ethics committee approved the study proto-
col. 

Magnetic Resonance Imaging (MRI) Methodol-
ogy 

MRI acquisition 

Magnetic Resonance Imaging (MRI) was done with Sie-
mens 1.5 Tesla Magnetom vision system (Erlangen, Ger-
many) at the Department of Neuroimaging and Interven-
tional Radiology, NIMHANS. 

The list of MR protocols used in the study was: Proton 
Density (PD) & T2 weighted transverse images; T2 weighted 
coronal images; and T1 Magnetization Prepared Rapid Ac-
quisition Gradient Echo (MP-RAGE) sequence. 

A set of sagittal scout images (2D fast spin echo, TR=15 
msec, echo time (TE) = 6 msec, FOV = 300 mm, approxi-
mately 3 slices, slice thickness = 8 mm, slice gap = 0.2 mm, 
NEX = 1, matrix = 256 x 256, scan time = 10 sec) was col-
lected. 

This was followed by a set of proton density and T2 
weighted axial images covering the whole brain (2D fast 
echo, TR = 3800 msec, TE = 22 msec and 90 msec, FOV = 
250 mm approximately 21 slices, slice thickness = 5 mm, 
slice gap = 0.3 mm, NEX = 1, matrix = 200 x 256, scan time 
2 min 5 sec). 

This was followed by a set of proton density and T2 
weighted coronal images covering the whole brain (2D fast 
echo, TR = 3710 msec, TE = 22 msec and 90 msec, FOV = 
230 mm approximately 21 slices, slice thickness = 5 mm, 
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slice gap = 0.3 mm, NEX = 1, matrix = 190 x 256, scan time 
2 min 24 sec).  

Then, T1 weighted three-dimensional Magnetization Pre-
pared Rapid Acquisition Gradient Echo (MP-RAGE) imag-
ing was performed in the sagittal plane. (TR = 9.7 msec, TE 
= 4 msec, nutation angle = 12°, FOV = 250 mm, slice 
thickness 1 mm, NEX = 1, matrix = 200 x 256, scan time 6 
min 12 sec). A set of 160 images (approximately) covering 
the entire brain was obtained. 

 MR images were examined by a neuroradiologist (PNJ) 
for morphological abnormalities blind to the status of sub-
jects. The images were transferred on to a personal com-
puter (PC) platform. They were stored with coded identifi-
cation. 

Volumetric analysis 

Software for MRI image analysis 

Volumetric measurements were conducted blind to clini-
cal data using Scion Image software (Scion corporation, 
2000). It runs on PC and Macintosh platforms. Measure-
ments can be stored separately from images. This software 
provides valid and reliable measurements of specific struc-
tures using a semi automated segmentation approach (Ke-
shavan et al., 1995). This semi automated segmentation 
method to measure volume of brain structures correlated 
highly with the point-counting stereological approach (Ke-
shavan et al., 1995). This software has been used reliably to 
measure different brain structures and volumes in children, 
adolescents, and adults. The functions of this software 
include segmentation, magnification and contrast adjust-
ment, data smoothening and orientation & location recall.  

Volumetric method  

All measurements were automatically calculated by the 
computer using the Scion Image software. The desired 
structure was outlined and measured by the rater using the 
computer mouse controlled pointer. The raters were blind 
to the subjects’ clinical details at the time of the brain 
measurements on coded MRI sections. 

Measurement of the caudate nucleus 

The caudate nucleus was measured in coronal sections of 
MRI scan (Figures 1 & 2). The first step in measuring the 
caudate was to define the inferior border. The inferior 
border of the caudate was demarcated by drawing a line 
along the length of the anterior commissure. The anterior 
commissure is a thin, reasonably straight line of white mat-
ter that will appear inferior to the lateral ventricles at about 
the point at which the fornix is first seen. The line was 
extended to be placed directly underneath the lateral ven-
tricles to eliminate the tail of the caudate from the meas-
urement. The first slice was the most anterior slice where a 
small patch of gray matter appears laterally to either the left 
or right lateral ventricle. The rater continued to trace 
around the caudate in successive slices posteriorly through 

the brain, being careful not to extend the outline beyond 
the line used as the inferior border. The posterior limit of 
the caudate was defined as the first slice at which the pons 
is seen.  

The first author (GVS) who was initially trained by the 
neuroradiologist (PNJ) to measure the caudate performed 
inter-rater reliability exercise with another rater in 10 sub-
jects on coded images. The Inter-rater reliability as meas-
ured by Intra-Class Correlation Coefficient was 0.94 for the 
left caudate nucleus and 0.95 for the right caudate nucleus.  

Measurement of cerebellar vermis intracranial areas 
using midsagittal MRI section  

Midsagittal MRI section 

The intracranial area was measured in the mid-sagittal 
section. From the set of T1 weighted three-dimensional MP-
RAGE sagittal images, the midsagittal section was chosen 
manually (Figure 3). Criteria (Woodruff et al., 1993) for the 
inclusion of midsagittal slices include the following: 

1. A distinct outline of the CC 

2. An easily identified cerebral aqueduct 

3. Clear visibility of cortical gyral crests both anteriorly 
and posteriorly to the CC and 

4. Absence of visible intrusion into gray and white mat-
ter. 

All the selected images were inspected and approved by 
the neuroradiologist (PNJ). Since the slice thickness was 1 
mm and uniform image acquisition software protocol was 
used, midsagittal images of all the subjects satisfied the 
inclusion criteria. Intracranial area was measured by tracing 
along inner table of the skull, above the sphenoid sinus, 
along the basisphenoid, and across the foramen magnum 
(Keshavan et al., 2002). The cerebellar vermis area was 
measured as defined by Rossi et al (1993) (Figure 4).  

To assess inter-rater reliability, two raters (GVS & PNJ 
(neuroradiologist)) independently rated sixteen coded mid-
sagittal sections. The rater (GVS) was trained initially by the 
neuroradiologist (PNJ). Both the raters were blind to the 
clinical details of the subjects. The inter-rater reliability was 
calculated by intraclass correlation coefficient (ICC). The 
intraclass correlation coefficient for the intracranial area 
was 0.95 and that for cerebellar vermis area was 0.93. 

Statistics 

Statistical Package for Social Sciences (version 10.0.1) was 
used for Pearson's correlation, Independent samples t-test, 
chi-square test, Analysis of Covariance (ANCOVA), Re-
peated Measures Analysis of Variance (RMANOVA). The 
alpha was set at 0.05 for statistical significance. 
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Results 

Demographic and clinical profile  

The sociodemographic profile of the patients and con-
trols is given in Table 1. The average illness duration of the 

patients was 52 months (range: 6 – 144 months). The Posi-
tive And Negative Syndrome Scale (PANSS) Scores (Mean ± 
SD) were as follows: Positive syndrome = 25±9; Negative 
syndrome = 25±8; General psychopathology = 43±9; Total 
PANSS score = 93±15.  
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Brain measurements 

Intracranial area (Mean ± SD) did not differ significantly 
between patients (127±11 cm2) and controls (127±13 cm2) 
(t = 0.1; p = 0.9). The mean (± SD) of the caudate volumes 
and cerebellar vermis area are given in Table 2. Repeated 
Measures Analysis of Variance (RMANOVA) using the 
right and left caudate nuclei volumes as the repeated meas-
ures and the intracranial area as covariate showed signifi-
cant effect of the diagnosis with the patients having smaller 
caudate volume than the controls (df = 2,27; F = 4.5; p = 
0.044). To analyze the effect of diagnosis on individual 
caudate volumes as well as cerebellar vermis area, univariate 
analysis of variance with intracranial area as covariate (AN-
COVA) was performed separately for the cerebellar vermis 
area and right as well as the left caudate volumes. Caudate 
volumes (right as well as left) and cerebellar vermis area 
were significantly smaller in the patients than the controls 
(Table 2; Figures 5 & 6).  

Relationship between brain structures 
and clinical variables 

Illness duration did not correlate significantly with either 
right caudate volume (r = - 0.13; p = 0.65) or left caudate 

volume (r = - 0.10; p = 0.7) or cerebellar vermis area (r = - 
0.2; p = 0.5). Similarly, no significant correlation was found 
between brain measures and psychopathology (PANSS 
scores). The correlation between cerebellar vermis and 
caudate was examined after controlling for the effect of 
intracranial area. Significant correlation was found in the 
patients after controlling for the effect of intracranial area 
between cerebellar vermis and right caudate volume (r = 
0.6; p = 0.04) but not the left caudate (r = 0.5; p = 0.07). 
However, no significant correlation was found in the con-
trols between cerebellar vermis and the right (r = 0.4; p = 
0.1) or left (r = 0.3; p = 0.2) caudate volumes.  

 

Discussion 

This is one of the first studies examining the striato-
cerebellar system in never-treated schizophrenia. This study 
has demonstrated significantly smaller caudate nucleus 
volume and cerebellar vermis area in patients with never-
treated schizophrenia in comparison to age, sex, education 
and handedness matched controls. Cerebellar vermis corre-
lated significantly with right caudate in the patients but not 
in the controls. No significant correlation was found be-
tween illness duration and brain measurements (caudate 
and cerebellar vermis) or psychopathology. 

The Schedules for Clinical Assessment in Neuropsychia-
try (Version 2.1) was used (GVS) for arriving at DSM-IV 
diagnosis. This diagnosis was also confirmed by consensus 
following independent clinical interview by two experi-
enced psychiatrists (BNG & NJR). The diagnosis was found 
to be stable at follow-up after one year. None of the patients 
had a change in the diagnosis. Only few of the previous 
neuroimaging studies in schizophrenia have reported about 
the stability of diagnosis. Subjects were excluded if they had 
substance dependence, confounding medical illness and 
lifetime history of significant head injury. Pregnancy or 
postpartum period also was one of the exclusion criteria. 
Thus the effect of confounding factors was minimized. 

All patients were treatment-naïve. Medications were 
started only after completion of all assessments and investi-
gations. This was done with informed consent. Evidence 
suggests that treatment with antipsychotic can alter the size 
of caudate (Keshavan et al., 1994; Gur et al., 1998; 
Westermoreland et al., 1999). Assessing never-treated 
schizophrenia patients avoided the confounding effect of 
neuroleptics.  

 Since caudate nuclei exhibit hemispheric lateralization 
handedness may be a factor influencing the structure of 
caudate (Watkins et al., 2001). In this study, handedness 
was assessed using Annett's Handedness Questionnaire 
(Annett, 1967) and all subjects were right handed. This 
helped in avoiding the confounding effect of handedness. 

Table 1. Demographic Profile 

Variable* Patients (n=15) Controls (n=15) 

Age (years)** 33 ± 10 30 ± 9 

Sex (M: F) 8:7 8:7 

Education (Years)** 11 ± 4 13 ± 2 

* - No significant difference between patient and control groups 
(independent samples t-test) 

** - Mean ± standard deviation 

 

Table 2: Brain measure (Mean ± SD) comparison 

Brain  

Structure 

Patient 
(n=15) 

Controls 
(n=15) 

df F* p* 

Right Cauda-
te (mL)  

2.4 ± 0.6 2.8 ± 0.6 2,27 4.5 0.042** 

Left Caudate 
(mL) 

2.4 ± 0.6 2.8 ± 0.6 2,27 4.3 0.048** 

Cerebellar 
Vermis (cm2) 

12 ± 2 14 ± 2 2,27 6.5 0.017** 

* - Analysis of covariance with intracranial area as covariate 

** - p < 0.05, significant. 

SD – Standard deviation 
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Magnetic Resonance Imaging (MRI) was done using state-
of-the-art Siemens 1.5 Tesla scanner. The stronger the mag-
net used for imaging the better will be the image resolution 
(Filipek et al., 1989). The slice thickness used in this study 
was one mm and the slices were contiguous. Very few stud-
ies have used such a thin MRI slice. The resolution of the 
image is affected by section thickness. The thinner the slice 
better will be the image resolution. The thicker the slice, 
the more likely that voxels will manifest partial volume 
effects, rather than be fully volumed (Lim et al., 1995). Use 
of thin sections minimizes the error of estimating volume 

over multiple sections (Filipek 
et al., 1989). Thus the impor-
tance of using thin sections 
cannot be overemphasized for 
accurate volume measurement 
(Free et al., 1995).  

The image analysis was done 
using coded MRI sections. The 
rater was blind to the clinical 
status of the subject. Measure-
ments were done using com-
puterized semi-automated 
software. These ensured elimi-
nation of rater bias.  

The brain area measure-
ments were done under the 
supervision of a senior neuro-
radiologist (PNJ). The semi-
automated Scion Image soft-
ware provides valid and reliable 
measurements of specific struc-
tures using a semi automated 
segmentation approach (Ke-
shavan et al., 1995). Good 
inter-rater reliability was estab-
lished with a senior neurora-
diologist (PNJ) for morphomet-
ric ratings. This ensured reli-
able brain measurements.  

There is inter-individual 
variation in the size of the 
brain. To control for this varia-
tion several methods have been 
described. Use of intracranial 
area instead of intracranial 
volume may be seen as a limit-
ing factor. But, it has been 
shown that corrections for 
inter-individual brain size varia-
tions by covariate correction 
using either intracranial vol-
ume or intracranial area are 
comparable (Free et al., 1995). 
Few of the previous studies 
have used brain ratio meas-
urements to correct for the 

brain size variations. However, Harvey et al (1990) have 
recommended a statistical correction using brain size as a 
covariate being superior to a ratio measure while control-
ling for brain size variations. In this study, Analysis of Co-
variance (ANCOVA) statistic was done using intra-cranial 
area as a covariate. This statistical correction avoided the 
confounding effect of inter-individual brain size variations.  
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Striato-Cerebellar Abnormalities in 
Schizophrenia  

Recently, alterations in basal ganglia and cerebellar loops 
have been suggested in schizophrenia (Middleton and 
Strick, 2000). The findings of this study, together with 
those of Keshavan et al (1998), Shihabuddin et al (1998) 
and Corson et al (1999) support the notion that schizo-
phrenia is associated with basal ganglia abnormality. The 
average volume reduction of caudate demonstrated in this 
study is almost similar to one of the earlier studies (which 
demonstrated 14% volume reduction) by Keshavan et al 
(1998). Also, the study finding of smaller cerebellar vermis 
is similar to prior studies (Loeber et al., 2001; Ichimiya et 
al., 2001). In this study, cerebellar vermis correlated signifi-
cantly with right caudate in the patients but not in the 
controls. This finding is in consonance with the findings of 
a recent functional magnetic resonance imaging study, 
which has demonstrated abnormalities in right caudate 
nucleus and cerebellar vermis in schizophrenia patients 
(Kircher et al., 2001). These findings suggest related striato-
cerebellar abnormalities in never-treated schizophrenia. 
However, the right caudate volume alone correlating with 
the cerebellar vermis area requires further exploration in 
future studies.  

Neurodevelopmental etiopathogenesis in 
schizophrenia 

Neurodevelopmental abnormality has been suggested to 
explain the etiopathogenesis of schizophrenia (Weinberger, 
1987; Keshavan, 1997). An exaggeration of periadolescent 
synaptic pruning, perhaps in glutamatergic corticosubcorti-
cal neurons, may be involved (Keshavan et al., 1994). Re-
duced activity in these corticostriatal neurons, by diminish-
ing trophic effects on the striatum, could conceivably lead 
to reduced synaptic neurophil, and thereby reduced size of 
basal ganglia; this view is consistent with a recent observa-
tion of reduced striatal dendritic spine size in postmortem 
brains of schizophrenia patients (Roberts et al., 1996). Stud-
ies have suggested that the maldeveloped neural circuitry 
producing schizophrenic symptoms may include the cere-
bellum (Jacobsen et al., 1997). Hence, the finding of smaller 
caudate as well as cerebellar vermis in never-treated schizo-
phrenia supports neurodevelopmental etiopathogenesis in 
schizophrenia.  

In this study, despite wide range of illness duration, there 
was no significant correlation between brain structures and 
illness duration. This lack of correlation may be due to the 
absence of neurodegeneration in the evaluated brain struc-
tures. This suggests neurodevelopmentally-mediated patho-
genesis in schizophrenia. 

In conclusion, we have found significantly smaller cere-
bellar vermis and caudate nuclei in never-treated schizo-

phrenia. There was significant positive correlation between 
cerebellar vermis and right caudate in the patients but not 
in the controls. There was no significant correlation be-
tween illness duration and brain structures. These findings 
suggest neurodevelopmental striato-cerebellar abnormalities 
in schizophrenia.  
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