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A B S T R A C T

Since early neuropathological findings, temporal lobe has been related to the pathophysiology of some disorders with
psychotic features. The aim of this study was to compare temporal lobe volumes and asymmetry differences in patients
with schizophrenia, schizoaffective and bipolar disorders, disorders that cover the whole psychotic spectrum.

Temporal lobe volumes were estimated using high resolution magnetic resonance imaging in 60 subjects, 15 subjects
in each patient and one healthy volunteer (control) group. There are no statistically significant differences in temporal
lobe volumes among patient and control groups. Comparison of left and right temporal lobes shows that left temporal
lobes are smaller than right temporal lobes, however this difference reaches statistical significance only in groups of pa-
tients with schizoaffective and bipolar disorders. Overall temporal lobe volume may be less informative in respect to
neuropathology of disorders with psychotic features than volumes of specific temporal lobe structures, in particular me-
dial temporal lobe structures.
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Introduction

In recent psychiatric classifications schizophrenia, schi-
zoaffective and bipolar disorders are classified in differ-
ent diagnostic categories1,2, albeit sharing psychotic fea-
ture as one of the most prominent features of clinical
presentation. The position of schizoaffective disorder as
an intermediary disorder displaying both psychotic and
affective features contributes to the idea of these disor-
ders representing one spectrum of disorders3–6. Modern
neurobiological interpretation of different clinical fea-
tures as possible dysfunctions in different parts of ne-
uronal network involved in complex aspects of human
behavior7,8, provides basis for investigation of possible
common neurobiological basis for psychotic features and
different neurobiological basis for affective features of
these disorders. Since the number of subjects involved in
such studies is usually small due to time consuming pro-
cedures and limited funding, comparison of results and
statistical analysis is often of limited value, and studies

comparing these disorders in the same sample are of par-
ticular importance9,10.

Temporal lobe has been implied in the pathophysio-
logy of schizophrenia since the early neuropathological
findings in the beginning of the past century11,12. Reduc-
tion of temporal lobe volume has been pronounced in left
temporal lobe, male patients, and disorders with early
onset13,14. These reductions have been associated with
delusions and auditory hallucinations15. Recent possibili-
ties for in vivo imaging of the structure of human brain
that have emerged with X-ray and were further devel-
oped with computerized tomography and magnetic reso-
nance have supported these early findings. The result of
a comprehensive review of magnetic resonance findings
in schizophrenia that has taken into account studies in
which schizoaffective disorder was not separated, is that
the reduction of temporal lobe volume has been de-
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scribed in 61% studies16. Separate studies of schizo-
affective disorder are scarce and the findings do not show
the reduction of temporal lobe volume17. Current data
for bipolar disorder come from a modest number of stud-
ies, often including less than 10 patients, and do not sup-
port findings of statistically significant temporal lobe
volume reduction18.

The aim of this study was to compare temporal lobe
volumes in separate groups of patients with schizophre-
nia, schizoaffective and bipolar disorders.

Subjects and Methods

The study included 60 subjects, 15 in each patient and
one control group. Age, gender, age at onset, and number
of episodes were recorded for all subjects. Psychiatric di-
agnosis of schizophrenia, schizoaffective and bipolar dis-
order was made by two independent psychiatrists, and
only the subjects fulfilling both Diagnostic and Statistic
Manual of Mental Disorders, Fourth Edition (DSM-IV)2

and International Classification of Diseases, Tenth Revi-
sion (ICD-10)1 criteria were included. Magnetic reso-
nance imaging was performed in the period of absence of
acute episode symptoms. Control group consisted of he-
althy volunteers. The following exclusion criteria were
applied on all study subjects: history of perinatal brain
damage, comorbid mental or other disorder of central
nervous system, serious general health condition, age
bellow 18 or above 60, left-handedness or ambidexterity.
The study was approved by the local ethics committee
and informed consent obtained from all participants.

Magnetic resonance images were acquired using a 2 T
Prestige Gyrex scanner (General Electrics/Elscint). A
1.1-mm-thick coronal series (3D gradient echo; repeti-
tion time 25 ms; echo time 6 ms; field of view 180×220
mm, matrix 200×256) was processed on O2 (Silicon
Graphics) workstation using OmniPro (Elscint/General
Electrics) software. Regions of interest were delineated

manually by a single rater blind to the study group,
based on well-known neuroanatomical and neuroradio-
logical criteria19. The rostral, lateral, ventral and dorsal
boundaries are defined by the natural limits of the lobe.
Medial boundary in posterior parts was defined as the
shortest straight line connecting the fundus of the Syl-
vian fissure and cerebral base. The last caudal slice ana-
lyzed was the one where both pairs of mesencephalic
colliculi were still visible. Descriptive statistics was used
to analyze demographic, clinical and volumetric data. A
one-way analysis of variance was used to test for group
differences in temporal lobe volumes. All analyses were
interpreted at 5% level of significance.

Results

Demographic and clinical features of study subjects
are shown in Table 1. There is no statistically significant
difference in gender and duration of disorder among
study groups. The difference in age of onset is statisti-
cally significant among all patient groups. Patients with
bipolar disorder are significantly older than healthy con-
trol (p<0.001), schizophrenia (p<0.00001), and schizo-
affective group (p=0.02). Patients with schizoaffective
disorder are significantly older than patients with schizo-
phrenia (p=0.02).

Temporal lobe volumes per study groups are pre-
sented in Table 2.

There are no statistically significant differences in
temporal lobe volumes among different patients groups.
Comparison of left and right temporal lobes shows that
left temporal lobes are smaller than right temporal lobes,
however this difference reaches statistical significance
only in groups of patients with schizoaffective and bipo-
lar disorders (Tables 3 and 4).
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TABLE 1
DEMOGRAPHIC AND CLINICAL FEATURES OF STUDY SUBJECTS

Healthy control
N=15

Schizophrenia
N=15

Schizoaffective disorder
N=15

Bipolar disorder
N=15

Age
(years)

X=38
(SD=11.9)

X=34
(SD=6.13)

X=44
(SD=8.85)

X=54
(SD=4.8)

Gender 9 6 10 5 8 7 10 5

F M

Age at onset
(years)

NA X=26
(SD=4.10)

X=32
(SD=5.04)

X=45
(SD=6.4)

Duration of disorder
(years)

NA X=8
(SD=5.25)

X=12
(SD=6.11)

X=9
(SD=4.9)

Number of episodes NA 4 7 5

MAN DEP NA NA NA NA 4 3 3 2

F – female, M – male, NA – not applicable, MAN – manic, DEP – depressive



Discussion

All patients included in the study had multiple disorder
episodes. The differences in age of onset are characteristic of
the particular disorder4, and therefore significantly different
among study groups. Since there is no significant difference
in the duration of disorder, the difference in age among all pa-
tient groups is statistically significant.

In this study, the reduction of temporal lobe volume was
not found in patients with schizophrenia. According to the re-
view of literature, 39% studies failed to prove this reduction16.
One of the possible explanations is the limited sample size
that is the shared difficulty in most magnetic resonance stud-
ies in psychiatry. Another possible explanation is that mor-
phological changes affect smaller structures, in particular
hippocampal formation and superior temporal gyrus. These
changes were associated with impairment of working and ver-
bal memory, verbal fluency and auditory hallucinations15,20.

Thus symptom specific morphological changes may
not to be expected on the level of temporal lobes.

The reduction of temporal lobe volume was not
detected in patients with bipolar disorder which is
more consistent with literature data18. If detected,
changes in temporal lobe are also reported for smal-
ler structures, such as amygdala21,22. These changes
are associated with emotional aspects of behavior,
learning and memory21,23. This study failed to find
significant volumetric changes in patients with schi-
zoaffective disorder as well. The result is consistent
with the results of the few studies in which this di-
agnosis was separated from schizophrenia17.

When asymmetry differences were analyzed, left
temporal lobes were smaller than right temporal
lobes which is consistent with literature data14,18.
These differences reach statistical significance only
in patients with bipolar and schizoaffective disorder,
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TABLE 2
TEMPORAL LOBE VOLUMES PER STUDY GROUP

Healthy control Schizophrenia Schizoaffective disorder Bipolar disorder

TLL (mm3)
69,275

SD=10,415.0
65,332

(SD=4,328.20)
64,898

(SD=6,013.92)
62,144

(SD=9,357.6)

TLR (mm3)
73,642

(SD=8,409.0)
69,017

(SD=7,249.89)
70,059

(SD=4,903.54)
68,339

(SD=3,461.2)

TLL – left temporal lobe, TLR – right temporal lobe

TABLE 3
TEMPORAL LOBE DIFFERENCES PER STUDY GROUPS (p values)

TLL

HC SCH SCHAFF BIP

HC NA 0.605181 0.519359 0.120612

SCH 0.605181 NA 0.999099 0.750083

SCHAFF 0.519359 0.999099 NA 0.823653

BIP 0.120612 0.750083 0.823653 NA

TLR

HC NA 0.269779 0.495990 0.164282

SCH 0.269779 NA 0.976616 0.993316

SCHAFF 0.495990 0.976616 NA 0.905634

BIP 0.164282 0.993316 0.905634 NA

TLL – left temporal lobe, TLR – right temporal lobe, HC – healthy control, SCH – schizophrenia, SCHAFF – schizoaffective disorder,
BIP – bipolar disorder, NA – not applicable

TABLE 4
VOLUME DIFFERENCES BETWEEN LEFT AND RIGHT TEMPORAL LOBES (p values)

Healthy control Schizophrenia Schizoaffective disorder Bipolar disorder

0.216845 0.102046 0.015563
(L � R)

0.023047
(L � R)

L – left, R – right



further supporting the idea that schizophrenia symptom
specific morphological changes may not be expected on
the level of whole temporal lobe volumes.

These results support the conclusion that overall tem-
poral lobe volume may be less informative in respect to

neuropathology of disorders with psychotic features than
volumes of specific temporal lobe structures, in particu-
lar volumes of medial temporal lobe structures.
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VOLUMEN TEMPORALNOG RE@NJA U POREME]AJIMA S PSIHOTI^NIM OBILJE@JIMA

S A @ E T A K

Ve} temeljem ranih neuropatolo{kih analiza, temporalni re`anj povezan je s patofiziolo{kom podlogom nekih du{ev-
nih poreme}aja s psihoti~nim obilje`jima. Cilj ovog istra`ivanja bio je usporediti volumen temporalnog re`nja u paci-
jenata sa shizofrenijom, shizoafektivnim i bipolarnim poreme}ajem – poreme}ajima koji tvore spektar psihoti~nih pore-
me}aja. Za mjerenje volumena temporalnog re`nja rabljena je metoda oslikavanja mozga magnetskom rezonancijom
visoke rezolucije na 60 ispitanika, po 15 u svakoj skupini oboljelih kao i u skupini du{evno zdravih dobrovoljaca. Nema
statisti~ki zna~ajnih razlika u volumenu temporalnog re`nja izme|u skupina oboljelih ispitanika i zdravih dobrovo-
ljaca. Usporedba volumena lijevog i desnog temporalnog re`nja pokazuje kako je volumen lijevog manji od volumena
desnog temporalnog re`nja, no ova je razlika statisti~ki zna~ajna samo u skupinama ispitanika sa shizoafektivnim i
bipolarnim poreme}ajem. Ukupni volumen temporalnog re`nja vjerojatno je manje zna~ajan za neuropatolo{ku pod-
logu poreme}aja s psihoti~nim obilje`jima od volumena specifi~nih struktura, posebice struktura medijalnog dijela tem-
poralnog re`nja.
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