
Neurological soft signs are minor neurological abnormalities that
are not believed to be part of a well-defined neurological
syndrome.1 Neurological soft signs are more severe in adults
and adolescents with psychosis, including schizophrenia (treated
and antipsychotic-naive),2,3 first-episode psychosis4–6 and bipolar
I disorder,7 compared with age-matched healthy controls.
Psychosis during adolescence is associated with structural brain
abnormalities.8 In adults with first-episode psychosis, decreased
volumes of the basal ganglia structures, thalamus, heteromodal
cortex and cerebellar grey matter have been associated with
increased severity of neurological soft signs.9–14 In adolescents
with psychosis, to the best of our knowledge, no study has
investigated the relationship between severity of neurological soft
signs and volumes of specific brain structures. The current study
used voxel-based morphometry and segmentation of anatomical
structures to investigate whether increased severity of neurological
soft signs predicted decreased brain volumes in adolescents
(younger than 18 years of age) with first-episode psychosis
(duration of positive symptoms less than 6 months). Considering
the complex anatomical definition of some structures related to
the severity of neurological soft signs, such as the heteromodal
cortex, we chose to focus only on the thalamus, caudate and
putamen because the segmentation algorithms used were deemed
more reliable for these structures.

Method

Participants

Individuals were recruited from the two child and adolescent
psychiatric in-patient units in Madrid (Hospital General
Universitario Gregorio Marañon and Hospital Universitario
Infantil Niño Jesus). The two units serve a population of
approximately five million people. All patients consecutively seen

at these facilities between April 2002 and November 2005 who
fulfilled the inclusion criteria described below were invited to
participate in the study. Seventy-four individuals agreed to
participate. Of the 74, 3 individuals did not undergo a magnetic
resonance imaging (MRI) scan because of fear. One participant
was excluded because of insufficient image quality for neuro-
imaging analyses, thus leaving a sample of 70 individuals (51
males). The inclusion criteria for participants were: age between
7 and 18 years, and presence of positive psychotic symptoms
(within a DSM–IV15 diagnosis) for less than 6 months at the time
of assessment on enrolment in the study. Exclusion criteria were:
presence of a concomitant Axis I disorder, mental retardation, a
pervasive developmental disorder, neurological diseases, a history
of head trauma with loss of consciousness, and pregnancy.
Individuals with substance use and/or dependence were excluded.
Individuals with substance use were included only if positive
symptoms remained present after 14 days of a negative urine
screen. Prior treatment was not an exclusion criterion if positive
symptoms persisted for more than 2 weeks after a negative urine
drug screen. The study was approved by the institutional review
boards of both participating clinical centres. After the study was
thoroughly explained to all of the participants, written informed
consent was obtained. All of the participants met MRI safety
criteria.

Clinical assessment

All participants met DSM–IV criteria for a first episode of
psychosis, assessed using the Kiddie – Schedule for Affective
Disorders – Present and Lifetime Version (K–SADS–PL).16

Clinical diagnostic interviews were performed during the initial
hospitalisation by four experienced psychiatrists trained in this
interview. Diagnostic consensus was reached in cases where
presence or absence of psychiatric diagnoses was in doubt.
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Background
Adolescents with first-episode psychosis have increased
severity of neurological soft signs when compared with
controls, but it is unclear whether increased severity of
neurological soft signs is an expression of specific structural
brain deficits.

Aims
To examine whether increased severity of neurological soft
signs was associated with decreased brain volumes in
adolescents with first-episode psychosis.

Method
Brain scans were obtained for 70 adolescents (less
than 18 years of age) with first-episode psychosis
(duration of positive symptoms less than 6 months).
Volumes were assessed using voxel-based

morphometry and through segmentation of anatomical
structures.

Results
Increased severity of sensory integration neurological soft
signs correlated with smaller right and left thalamus volume,
whereas increased severity of sequencing of complex motor
acts neurological soft signs correlated with smaller right
caudate volume.

Conclusions
Neurological soft signs may be an easy-to-assess marker of
region-specific structural brain deficits in adolescents with
first-episode psychosis.

Declaration of interest
None.

The British Journal of Psychiatry (2009)
195, 227–233. doi: 10.1192/bjp.bp.108.052738

https://doi.org/10.1192/bjp.bp.108.052738 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.bp.108.052738


Baseline diagnoses were reassessed in a clinical interview at a
12-month follow-up visit; follow-up diagnoses were based on
DSM–IV criteria. Three diagnostic categories were established:
schizophrenia, n= 25 (19 males); bipolar I disorder, n= 20 (13
males); and ‘other psychoses’, n= 25 (19 males). The latter group
included six individuals with schizoaffective disorder, five with
schizophreniform disorder, three with major depression with
psychotic features, nine with psychosis not otherwise specified,
and two with brief psychotic episode.

Psychotic symptoms were assessed using the validated Spanish
version of the Positive and Negative Syndrome Scale (PANSS).17

Intraclass correlation coefficients for the four psychiatrists who
administered the scale ranged from 0.72 to 0.96. Ratings on the
Global Assessment of Functioning (GAF) scale were used as a
measure of overall functioning. Sociodemographic data were
collected, including parental socioeconomic level as measured by
the Hollingshead–Redlich scale,18 and a physical examination
(e.g. weight, height) was performed.

Neurological soft signs

All participants go through a comprehensive physical examination
when they are admitted to hospital as part of our first-episode
clinical guidelines. The severity of neurological soft signs was
evaluated using the Neurological Evaluation Scale (NES),19 a
26-item scale with four subscales: sensory integration, motor
coordination, sequencing of complex motor acts, and an ‘other’
subscale that evaluates short-term memory, frontal release signs
and eye movement abnormalities (see online supplement). Each
item is rated from 0 to 2: 0, no abnormality; 1, mild, but definite
impairment; and 2, marked impairment. The snout and suck
reflexes are scored either 0 or 2. The severity for each subscale
was calculated by summing the scores on that particular subscale.
The NES was administered in its entirety, according to the original
instructions of the instrument’s developers, by three neuro-
psychologists. The intraclass correlation coefficients for the four
NES subscales obtained by the examiners in an independent
sample of ten individuals ranged from 0.80 to 0.99. The
neurological assessment was performed when the participants

were clinically stable. The mean duration between neurological
assessment and scan acquisition was 15 days (s.d. = 22).

The age at onset of psychosis was defined as the age at which
the individual experienced positive psychotic symptoms for the
first time. This information was gathered during the K–SADS–PL
interview with parents or legal guardians. Duration of psychosis
was defined as the time between age at onset of psychosis and scan
acquisition. Duration of treatment was defined as the time
between initiation of antipsychotic treatment at enrolment in
the study and scan acquisition.

Medication

At the time of the baseline assessment, all participants were on
antipsychotic medication. Seventy-six per cent (n= 53) of the
sample (n= 70) were receiving only one antipsychotic, whereas
24% (n= 17) were receiving two antipsychotics simultaneously.
With the exception of two individuals, all participants were
receiving a second-generation antipsychotic. The distribution of
antipsychotic treatment was as follows: 54% (n= 38) risperidone,
34% (n= 24) quetiapine, 28% (n= 20) olanzapine, 4% (n= 3)
ziprasidone, and 3% (n= 2) haloperidol. The chlorpromazine
equivalent dose20 was calculated from the dose of antipsychotics
received (Table 1). The mean daily antipsychotic dose in
chlorpromazine equivalents was 290.0 mg (s.d. = 180.4 mg).

MRI acquisition

All participants were scanned on a 1.5-T Philips MRI scanner
(Philips Gyroscan, Philips Medical Systems, Best, The
Netherlands). Two MR sequences were obtained for all the
participants: a T1-weighted, 3-dimensional, gradient-echo scan
with 100 1.5-mm contiguous axial slices (echo time (TE) 4.6 ms;
repetition time (TR) 9.3 ms; flip angle 308; field of view (FOV)
256 mm; and in-plane voxel size 0.9860.98 mm2) and a
T2-weighted turbo spin echo scan with 3.5-mm contiguous axial
slices (turbo factor 15; TE = 120 ms; TR = 5809 ms; FOV = 256 mm;
and in-plane voxel size 0.9860.98 mm2). Both T1- and T2-weighted
images were used for clinical neurodiagnostic evaluation by an
independent neuroradiologist. No participants showed clinically
significant brain pathology.
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Table 1 Demographic and clinical variables of 70 adolescents (younger than 18 years) with first-episode psychosis (duration

of positive symptoms less than 6 months)

Adolescents with first-episode psychosis (n= 70)

Gender, male/female: n (%) 51/19 (72/27)

Handedness, right/left/ambidextrous, n (%) 63/6/1 (90/9/1)

Age, years: mean (s.d.), range 16.3 (1.7), 11–18

Height, cm: mean (s.d.)a 168.4 (9.5)

Weight, kg: mean (s.d.)a 61.3 (11.8)

Level of education, years: mean (s.d.) 8.2 (2.1)

Parental socioeconomic status: mean (s.d.) 2.6 (1.4)

Age at onset of psychosis, years: mean (s.d.), rangea 15.3 (1.8), 10–17

Duration of psychosis, weeks: mean (s.d.), rangeb 12.6 (10.1), 0–48

Duration of treatment, weeks: mean (s.d.), rangeb 2.8 (3.4), 0–25

Chlorpromazine equivalents, mg: mean (s.d.), range 290.0 (180.4), 3–920

Global Assessment of Functioning scale score: mean (s.d.) 41.2 (15.8)

Positive and Negative Syndrome Scale score: mean (s.d.)

Positive symptoms 25.3 (5.6)

Negative symptoms 23.4 (7.2)

General psychopathology 48.2 (9.8)

Cerebral grey matter, cc: mean (s.d.) 750.4 (71.8)

a. Missing data for 5 participants.
b. Missing data for 1 participant.
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Image processing

Voxel-based morphometry

Voxel-based morphometry processing21 was performed using the
Statistical Parametric Mapping package (SPM5; The Wellcome
Department of Imaging Neuroscience, University College
London). In order to improve spatial normalisation, brain-
extracted images were used as inputs.22 Brain-extracted images
were obtained using the Brain Extraction Tool (version 2)
algorithm,23 and then manually edited to remove remaining
non-intracranial tissue voxels with in-house software. The locally
developed software is part of a Multimodality Workstation
running on IDL (Interactive Data Language, Research Systems
Inc, Boulder, Colorado, USA; http://www.ittvis.com/Product
Service/IDL.aspx). This software incorporates modules for
triplanar visualisation, manual tracing, automatic segmentation,
multimodality registration, among other advanced image
processing and quantification tools. Brain-extracted images were
normalised and segmented into grey matter, white matter and
cerebrospinal fluid, using the a priori template segments.24 To
improve segmentation accuracy, a Markov random field estimate
was applied to the grey matter segmentations. All brains were
visually inspected to determine whether our image processing
steps resulted in successful scan normalisation and segmentation.
Registration with the template was consistent across the cohort in
all brain regions.

Prior to entering the grey matter segmentations in the
statistical analyses, the grey matter segmentations were modulated
by the Jacobian determinants from the spatial normalisation.
Modulation was done to account for the contraction and
expansion of grey matter during normalisation.25 After
modulation, the voxel values represent grey matter volume.
Finally, the modulated grey matter segmentations were smoothed
using a 10-mm Gaussian kernel to ensure that the data were
sufficiently normal to justify the application of Gaussian random
field theory in the statistical calculations.26

Segmentation of anatomical structures

The segmentation of anatomical structures was done using the
Fmrib Integrated Registration and Segmentation Tool (FIRST)
and the raw (not brain-extracted) T1-weighted images.27 The
FIRST is an automatic surface-based segmentation tool that relies
on trained models of shape and intensity. It utilises a multivariate
Gaussian model of shape (vertex coordinates). Shapes are fitted to
new data by maximising the joint probability of shape and
intensity, where the search space is limited to the principal
components of the vertices. The sample used to train FIRST was
composed of 317 manually segmented T1-weighted MR images,
with an age range from approximately 4 to 87 years. The manual
segmentations in the training data were based on previously
described neuroanatomical criteria for manual segmentation.28

The training data were composed of data on healthy controls as
well as individuals diagnosed with schizophrenia and bipolar
disorder. All segmentations were visually inspected to determine
whether the segmentation process was successful.

Data analysis

Data were analysed in a two-step design. In step one, using voxel-
based morphometry and small volume correction masks of the
thalamus, caudate and putamen from the Wake–Forest University
Pick Atlas,29 the association between the voxel-based volume in
the three subcortical structures and the NES subscale scores (the
NES subscale score represented the severity of neurological soft
signs on that subscale) was examined. In step two, findings from
step one were complemented by segmentation of those subcortical

structures containing voxels that were significantly associated with
NES subscale scores. After segmentation, the whole subcortical
structure volume was calculated. Thereafter, the association
between whole subcortical structure volume and NES subscale
scores was examined.

Regression models: covariates

All analyses (in steps one and two) testing the association between
voxel-based and whole subcortical structure volumes with the NES
subscale scores were done using multiple regression in the context
of the general linear model.

Age, gender and medication are known to influence severity of
neurological soft signs as well as brain morphology.4,30 In
addition, controlling for whole brain grey matter volume is
advisable in voxel-based morphometry31 to avoid the influence
of inter-individual differences in whole brain grey matter volume
when investigating local grey matter volume changes. Therefore
we entered age, gender, whole brain grey matter volume and
chlorpromazine equivalent dose as covariates in all analyses (in
steps one and two).

The PANSS negative symptom score was also included as a
covariate, because it was significantly positively associated with
the sensory integration subscale score (P= 0.001), the sequencing
of complex motor acts subscale score (P= 0.02) and the ‘other’
signs subscale score (P= 0.01). An association between negative
symptom severity (as measured by the PANSS) and severity of
neurological soft signs has been previously reported in adolescent
psychosis.5 Moreover, this association has been replicated in
numerous prior studies.32,33 It has been suggested that this
association indicates that negative symptoms have a stronger
neuropathological basis compared with positive symptoms.
Following this rationale, an association between brain
morphology and severity of neurological soft signs might be
interpreted as an outcome of the underlying relationship between
severity of negative symptoms and neurological soft signs. Hence,
the PANSS negative symptom score was included as a covariate to
ensure that the association between volumes and neurological soft
signs remained significant regardless of its potential correlation
with negative symptoms.

Step one

Four regression models, one for each NES subscale, tested whether
voxel-based volume in the three subcortical structures could be
predicted from the NES subscale score. First, a whole brain grey
matter t-map was generated. The t-map was then thresholded at
3.23 (P50.001). Thereafter, the small volume correction was
applied. Within each small volume correction mask, a group of
contiguous voxels (i.e. a cluster) of any size, containing one or
more voxels with P50.05, corrected for multiple comparisons at
the voxel-level using the statistical parametric mapping family-
wise error,34 was considered significant. To facilitate
interpretation, the coordinates of voxels with a corrected
P50.05 (‘local maxima’) were converted from normalised space
to Talairach and Tournoux space,35 using the icbm2tal
transform.36

Step two

After segmentation, regression models tested whether whole sub-
cortical structure volume could be predicted from the NES sub-
scale score. To examine the specificity of our findings, the
volume of the hippocampus, which was assumed not to have a
relationship with NES subscale scores,4 was also estimated using
FIRST. In all analyses, to ensure robustness of the findings, outliers
(if any) were removed and analyses were re-done.
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Results

The demographic and clinical characteristics of the participants
are shown in Table 1 and the mean NES subscale scores are shown
in Table 2. For the four voxel-based morphometry multiple
regression analyses, significant findings were found for the sensory
integration subscale and the sequencing of complex motor acts
subscale.

Sensory integration signs

A cluster comprising the left and right side of the anterior part of
the thalamus showed a significant negative association with

sensory integration subscale score, meaning that increased severity
of sensory integration signs was associated with smaller volume in
the anterior region of the thalamus after adjusting for age, gender,
whole brain grey matter volume, negative symptom score and
chlorpromazine equivalent dose (Talairach coordinates of the local
maxima x, y, z: 73, 75, 13 mm; t-test =74.1, cluster size 813
voxels; Fig. 1(a) and online Fig. DS1). Following the significant
cluster located in the thalamus, the thalamus was segmented.
Mean total (left + right) thalamus volume was 13.1 cc
(s.d. = 1.5). There was a significant negative association between
total thalamus volume and sensory integration subscale score,
similar to the voxel-based morphometry analysis, (unstandardised
regression coefficient, b=70.15 cc (s.e.) = 0.06, t-test =72.32,
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Fig. 1 Plots showing the association between severity of sensory integration and sequencing of complex motor acts scores and
thalamus and right caudate volume in 70 adolescents with first-episode psychosis.

Left column shows voxel-based morphometry data, right column shows volume data after segmentation. Upper row: (a) the significant association, for every participant, between
sensory integration subscale score and the mean voxel-intensity values of the cluster located in the thalamus and (b) the significant association between the sensory integration
subscale score and the unstandardised residuals of total thalamus volume. Values are adjusted for age, gender, whole brain grey matter volume, negative symptom score and
antipsychotic dose in chlorpromazine equivalents. Bottom row: similar data for the sequencing of complex motor acts subscale score and right caudate volume (c, d).

Table 2 Severity of neurological soft signs in 70 adolescents (younger than 18 years) with first-episode psychosis (duration

of positive symptoms less than 6 months)

Adolescents with first-episode psychosis (n= 70)

Neurological Evaluation Scale subscale scores Mean s.d. Range

Sensory integrationa 4.9 2.3 0–11

Motor coordination 3.8 2.1 0–11

Motor sequencing 4.9 4.1 0–25

Other 11.1 4.1 1–20

a. Missing data for 1 participant.
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degrees of freedom (d.f.) = 62, P= 0.02), representing a 1%
decrease in total thalamus volume per increment in sensory
integration subscale score, after correction for age, gender, whole
brain grey matter volume, negative symptom score and
chlorpromazine equivalent dose (Fig. 1(b)).

Sequencing of complex motor acts

A cluster comprising the right caudate showed a significant
negative association with sequencing of complex motor acts
subscale score, meaning that increased severity of neurological soft
signs on the sequencing of complex motor acts subscale was
associated with smaller volume in this region (Talairach
coordinates of the local maxima x, y, z: 13, 79, 20 mm; t-
test =74.0; cluster size 529 voxels, small volume correction
corrected P50.05; Fig. 1(c) and online Fig. DS1).

Subsequently, the right caudate was segmented. Mean right
caudate volume was 2.4 cc (s.d. = 0.5). A negative relationship
was found between right caudate volume and sequencing of
complex motor acts subscale score (b=70.03 cc (s.e. = 0.02),
t-test =72.1, d.f. = 63, P= 0.04), representing a 1% decrease in
right caudate volume per increment in sequencing of complex
motor acts subscale score, after correction for age, gender, whole
brain grey matter volume, negative symptom score and chlorpro-
mazine equivalent dose (Fig. 1(d)).

The outliers (motor sequencing subscale scores 11 and 25) did
not change the results.

No significant associations were found between total
hippocampus volume and sensory integration subscale score
(P= 0.24) or sequencing of complex motor acts subscale score
(P= 0.32). A post hoc exploratory analysis did not reveal any
differences in severity of neurological soft signs or subcortical
brain volumes between the diagnostic groups, suggesting that
the relationship between neurological soft signs and brain volumes
is similar for the three diagnostic groups.

Discussion

The major finding of this study is the localisation of specific
neuroanatomical correlates of severity of neurological soft signs
in adolescents with first-episode psychosis.

Sensory integration signs: thalamus

Increased severity of sensory integration signs was associated with
decreased volume in an anterior part of the thalamus (i.e. after
voxel-based morphometry analysis) and decreased total thalamus
volume (i.e. after segmentation of the thalamus). Our results
extend findings from a previous voxel-based morphometry
study11 by showing the negative association between severity of
sensory integration signs and total thalamus volume in younger
people with psychosis with a considerably shorter duration of
illness (12.6 weeks v. 70.8 weeks). The thalamus functions as a
central relay station of the brain by filtering and gating sensory
inputs to the cerebral cortex.37 Sensory integration functions, such
as audiovisual integration and stereognosis, require transfer of
sensory information from subcortical regions to multimodal
cortical brain areas. Our results may indicate that structural
impairment of the thalamus affects this transfer and consequently
decreases performance on the sensory integration subscale.
Thalamic volume decrease has been associated with chronic
schizophrenia,38 first-episode psychosis39 and increased genetic
predisposition to schizophrenia.40 These findings, together with
evidence of functional and post-mortem thalamic abnormalities,41

suggest that thalamic structure and function might be affected in
psychosis.42

Sequencing of complex motor tasks: right caudate

Increased severity of neurological soft signs on the sequencing of
complex motor acts subscale was associated with volume decreases
in the right caudate. Right and left caudate volume decreases have
been associated with increased minor motor and cognitive
neurological abnormalities, as measured by the NES, in adults
with first-episode psychosis.12 The caudate receives cortical
projections from motor areas in the frontal lobe, and the received
information is passed on to the putamen, globus pallidus and
substantia nigra, which together with the caudate form the basal
ganglia motor system.43 Interestingly, decreased putamen volume
and increased severity of neurological soft signs on the motor
coordination subscale has been reported in adults with first-
episode psychosis.11 Therefore, a volume decrease in the caudate
may point to suboptimal functioning of the basal ganglia motor
system in people with first-episode psychosis.

No significant differences in caudate volume between first-
episode psychosis or minimally treated individuals and healthy
controls have been reported.44 In people with chronic schizo-
phrenia, enlarged caudate volumes have been reported, possibly
as a result of treatment with first-generation but not second-
generation antipsychotics.45 In the current study, we cannot rule
out effects of antipsychotics on brain morphology; however, we
studied a sample of adolescents with first-episode psychosis with
a mean duration of treatment of less than 3 weeks. We thus deem
it unlikely that treatment with primarily second-generation
antipsychotics affected our results. Indeed, we included chlor-
promazine equivalent dose as a covariate in our analyses and still
found an association between severity of sequencing of complex
motor acts and right caudate volume.

Brain morphology and clinical diagnosis

Schizophrenia and bipolar disorder overlap in clinical symptoms
and in genetic and epidemiological risk factors.46 In previous
MRI studies of adolescents with psychotic bipolar disorder or
schizophrenia, grey matter deficits have been found in medial
frontal areas in both patient groups.47 Furthermore, these frontal
cortical regions have been associated with increased genetic
susceptibility to adult-onset schizophrenia and bipolar I
disorder,48 suggesting that both disorders share underlying
neuropathology. The results from MRI studies in early-onset
bipolar disorder investigating subcortical structures such as the
thalamus and basal ganglia are conflicting.49,50

Few studies have examined the relationship between severity
of neurological soft signs and brain morphology in people with
first-episode psychosis. Our study has extended the sparse
previous findings to a younger patient sample with a shorter
duration of psychosis. Our findings thus point to an association
between increased severity of neurological soft signs and volume
decreases in the thalamus and the right caudate in adolescents
with recent-onset first-episode psychosis. If replicated, these
findings may be of interest for clinicians as assessment of
neurological soft signs in these individuals may serve as an easy-
to-obtain marker of structure-specific brain alterations.

Limitations

Our results should be interpreted in view of the limitations of this
study. First, the clinical heterogeneity and small sample size of
diagnostic subgroups can be considered a limitation and should
be taken into account when extrapolating our findings to different
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psychotic disorders. However, the current sample allows for the
study of a phenotypic marker of psychosis, which is the trait that
all participants have in common. Severity of neurological soft
signs as well as subcortical brain volumes were not different
between diagnostic groups, which suggests a shared marker for
psychosis rather than one specific to schizophrenia or bipolar I
disorder. This may also have relevance for future diagnostic
criteria (e.g. DSM–V) as some biological markers may be con-
sistent with a dimensional approach rather than a marker for a
specific diagnosis. Second, we used voxel-based morphometry to
assess the relationship between voxel-based grey matter volumes
and severity of neurological soft signs. The effect size of the
associations that we found is rather small and our results should
be interpreted with caution, considering the limitations of MRI
processing. Specifically, methodological issues regarding voxel-
based morphometry have been discussed in the literature.51 Third,
for methodological reasons we did not formulate an a priori
hypothesis about the heteromodal cortex and cerebellar grey
matter, although they have been related to severity of neurological
soft signs.11–13

Future directions

Future longitudinal studies should combine follow-up assessments
of neurological soft signs and neuroimaging to investigate whether
neurodevelopmental changes in various neuroanatomic structures,
including the heteromodal cortex and cerebellum, correlate with
neurological soft signs changes and whether this association is
diagnosis-specific. Our group is currently conducting such
studies.
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