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SUMMARY:
HEMISPHERIC SPECIALIZATION AND PSYCHOPATHOLOGY

ÖZET:
HEM‹SFER‹K ÖZELLEﬁME VE PS‹KOPATOLOJ‹

There are differences in the anatomy and functions of right
and left cerebral hemispheres. The localization of a function
on one side of the brain in preference to the other side is
defined as lateralization. In general, it is suggested that the
left hemisphere is analytic, the right is holistic, the left is verbal, and the right is perceptual. Linguistic abilities like grammar etc. are concentrated in the left hemisphere, but the right
hemisphere also has a role in language and is important for
timing and intonation. Right hemisphere is important in processing facial emotional input and it is more important than
left in the expression of emotions. Studies on hemispheric
determinants of behavior use various methods, among them
are behavioral assessments on subjects with various localized
brain damage including split-brain surgery, electrophysiological investigations as electroencephalography (EEG) and
event-related potentials (ERPs), brain imaging studies as
positron emission tomography (PET) and functional magnetic
resonance imaging (fMRI), and divided visual field and dichotic listening experiments. Various studies on the relation of
hemispheric specialization and psychopathology have been
conducted to understand the neural mechanisms of mental
disorders. In general, researches suggest that the key anatomical change in schizophrenia is a loss or even a reversal of cerebral asymmetry. The failure to develop normal cerebral asymmetry is suggested to be an important component of the
underlying pathology in some forms of schizophrenia. Most of
the other psychopathological conditions show varying
degrees of lateralization. Emergence of new technological
opportunities like transcranial magnetic stimulation (TMS) to
effect one side of the brain encourages further studies on the
role of lateralization in psychopathology.

Sa¤ ve sol serebral hemisferlerin anatomi ve iﬂlevlerinde
farkl›l›klar vard›r. Bir fonksiyon aç›s›ndan beynin bir taraf›n›n
di¤erine göre daha avantajl› olmas› lateralizasyon olarak
tan›mlanabilir. Genel olarak sol hemisferin analitik, sa¤›n holistik, solun sözel, sa¤›n ise alg›sal oldu¤u düﬂünülür. Gramer gibi
dil ile ilgili yetiler sol hemisferde yo¤unlaﬂmakla beraber sa¤
hemisferin de bu fonksiyonda rolü vard›r ve zamanlama ve vurgulama aç›s›ndan önemlidir. Sa¤ hemisfer duygusal yüz
ifadelerinin alg›lan›p anlaﬂ›lmas› ve duygular›n ifadesi
aç›lar›ndan sola göre daha önemlidir. Davran›ﬂ›n hemisferik
özelliklerini araﬂt›ran çal›ﬂmalar çeﬂitli yöntemler kullan›rlar, bunlar›n aras›nda ayr›lm›ﬂ-beyin cerrahisi dahil çeﬂitli lokalize beyin
hasar› olan hastalar üzerinde davran›ﬂ de¤erlendirmeleri yapmak, elektrofizyolojik araﬂt›rmalar (EEG, ERPs), beyin görüntüleme çal›ﬂmalar› (PET, fMRI) ve bölünmüﬂ görme alan› ve
dikotik dinleme deneyleri say›labilir. Ruhsal hastal›klar›n nöral
mekanizmalar›n› anlamak için hemisferik özelleﬂme ile psikopatolojik durumlar›n iliﬂkisini araﬂt›ran pekçok çal›ﬂma yap›lm›ﬂt›r.
Yap›lan araﬂt›rmalara göre ﬂizofrenideki esas anatomik
de¤iﬂiklik serebral asimetrinin kayb› hatta ters çevrilmesidir.
Normal serebral asimetri geliﬂtirme eksikli¤inin, baz› ﬂizofreni
tiplerinde altta yatan patolojinin önemli bir bölümünü
oluﬂturdu¤u öne sürülmektedir. Di¤er psikopatolojik durumlar
ise de¤iﬂen derecelerde lateralizasyon göstermektedirler.
Transkranial manyetik stimulasyon gibi beynin bir taraf›n› etkileyebilen yeni teknolojik olanaklar›n ortaya ç›kmas›, psikopatolojide lateralizasyonun rolü üzerinde daha ileri çal›ﬂmalar›
gerekli k›lmaktad›r.
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INTRODUCTION
he differences in the anatomy and functions of
cerebral hemispheres have been the focus of
research activities for the explanation of normal and
abnormal behavior on the basis of brain mechanisms.
Localization of a function on one side of the brain
in preference to the other side can be defined as lateralization.
In general, it is suggested that the left hemisphere is analytic, the right is holistic, the left is verbal, the right perceptual etc. (1). When one of the
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hemispheres receive attention and increase activity
level, the other hemisphere acts in the opposite way
and becomes less efficient, it seems that attention
can be directed to one side at a time.
In almost all right handed and in a lower percentage of left handed people linguistic abilities are
concentrated in the left hemisphere, but the right
hemisphere also has a role in language and is important for stress, timing and intonation (2).
Right hemisphere is important in processing
facial emotional input and right hemisphere is more
important than left in the expression of emotions.
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Left side of the face, controlled by the right side of
the brain, is more expressive than the right side of
the face (3).
Data on hemispheric determinants of behavior
originate from several types of studies, among them
are behavioral assessments on subjects with various
localized brain damage including split-brain surgery,
electrophysiological investigations (EEG, ERPs), and
brain imaging studies (PET, fMRI).
The studies on cerebral asymmetry have produced very contradictory results due to various reasons. For example, brain lesion studies have many
limitations. The behavioral consequences of a brain
damage may be primarily due to dysfunction of that
area or to dysfunction of a nondamaged area that is
secondarily affected as deprived of normal input
from damaged area. Furthermore, the nondamaged
parts may compensate to some extent for damaged
parts. On the other hand, since a disruption between
cortical and subcortical structures results in a reduction in cortical activation, probably more complex
processes which require more activation are disturbed more and this may be interpreted as specific
dysfunction of related hemisphere. So, in many cases
the appearance of specificity may be misleading (1).
Visual or auditory stimulus related to a specific
kind of information may be presented to the hemisphere specialized for processing that kind of information or to the other hemisphere which transmits
the input to the other hemisphere through the corpus callosum for appropriate processing, however
this may cause a degradation of the information and
takes about 15 ms which may delay the process. As
a result, if the visual or auditory stimulus is presented to the eye or ear projecting primarily to the
hemisphere specialized for that function, the performance will be the best. This is the basis for divided visual field and dichotic listening experiments.
Attention related factors should also be taken into
consideration in these studies.
The laterality in mental disorders has been the subject of various studies and the consistent finding of
laterality have been reported in some mental disorders.
MENTAL DISORDERS AND LATERALITY
SCHIZOPHRENIA
In general, researches suggest that the key
anatomical change in schizophrenia is a loss or even
54

a reversal of cerebral asymmetry (4,5,6) and the failure to develop normal cerebral asymmetry is suggested to be an important component of the underlying pathology in some forms of schizophrenia
(7,8).
Tigges et al. (9) reported soft neurological signs
related to right-hemisphere dysfunction in schizophrenic patients. Results of a twin study (10) suggest
that the occurrence of neurological soft signs and
their lateralization to the left body half are genetically transmitted.
In an in vivo imaging study (5) on neurolepticnaive patients with first-episode schizophrenia it was
found that the patients lack asymmetry in caudate
dopamine transporter binding and suggested disrupted brain lateralization in this disorder.
In a study, which investigated the cortical organization of executive control functions in schizophrenic patients and healthy control subjects using
event-related potentials, it was reported that
patients exhibit deficient processing in a neural network, including left frontal areas (11).
Levitan et al (12) studied 30 patients with schizophrenia and history of auditory hallucinations
using MRI along with assessment of functional lateralization, reported that increased severity of hallucinatory experience was significantly associated with
smaller left anterior superior temporal gyrus volumes.
Results of a single photon emission computed
tomography (SPECT) study on 16 schizophrenic
patients suggested reduced right ear (left hemisphere) advantage for dichotic word perception in
schizophrenia and overactivity of right temporal
lobe regions and positive symptoms are related
(13).
Nohara et al (14) measured regional cerebral
blood flow (rCBF) in schizophrenia during a verbal
learning task and reported results indicating that
memory organization deficits in schizophrenia may
be related to dysfunction in the prefrontal areas,
especially in the left inferior frontal region.
The size and shape of the corpus callosum were
assessed on magnetic resonance images in 27
patients with schizophrenia, 13 patients with schizotypal personality disorder (SPD), and 30 healthy volunteers. The decreases in corpus callosal size and
differences in shape indicated a decreased connectivity between the left and the right hemispheres in
schizophrenia and SPD (15).
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DEPRESSION
Braun et al (16) reported that patients with
mania and/or psychomotor agitation had predominantly right hemisphere lesions, whereas patients
with depression and/or psychomotor lethargy had
predominantly left hemisphere lesions. There was
also a nonsignificant trend for right posterorolandic
lesions to predict mania or agitation and for left
frontal lesions to predict depression or psychomotor
lethargy.
In a study on 84 epileptic patients, male but not
female subjects, with left-sided foci were found to
be particularly vulnerable to depression (17). In
another study on 59 epileptics no significant difference in the level of anxiety was found among the
groups, but patients with left-sided temporal lobe
epilepsy scored significantly higher than patients
with right or bilateral foci on self-ratings for depression. (18)
Cortical regional cerebral blood flow was assessed
in minimally medicated, relatively young adults in
episodes of either acute mania or major depression
and in control subjects, and evidence of abnormal
patterns of flow lateralization on a regional basis in
both clinical groups compared with normal subjects
was reported (19)
In a study on patients with major depression and
18 healthy subjects using Bereitschaftspotential (BP)
paradigm, a significant asymmetry of the BP to the
left was found in depressives and this asymmetry to
the left hemisphere was interpreted as a cortical
deactivation of the right cerebral hemisphere. (20)
To assess the relationship between hemispheric differences in information processing and interhemispheric asymmetries in terms of brain bioelectrical
activity, Bionti et al (21) correlated scores on the
MMPI Depression scale with peak amplitude and
latency of the P3 component of somatosensory
evoked potentials (SEPs) at the frontocortical region
of 14 healthy volunteers. Subjects scoring above the
median on the MMPI Depression scale showed a
right lateralization at the frontocentral region and a
significantly shorter P3 latency at the right hemisphere compared to the left.
In a study using conventional neuropsychological
tests before and after therapy in 52 (for the most
part therapy-resistant) depressives, no substantial
effects in lateralized functioning was found (22).
Volf et al (23) measured hemispheric language later-

alization on thirty-seven patients with seasonal
affective disorder and 25 control subjects and
reported that depressed patients had a shift of laterality from the left to the right which was normalized
with light therapy, and this shift of laterality was
absent in summer.
Cardiovascular phase, especially diastole, influences attention and the event-related potential of
the right hemisphere of the brain. In an interesting
study, the ERP was recorded during stimulation triggered by diastole and systole in depressed, schizophrenic, and control subjects. An exaggerated effect
of diastole on the ERP in the right hemisphere was
observed in depressed patients, however, no cardiovascular effect on the ERP was apparent in schizophrenic patients. These results were interpreted as
heart/brain networks being closely related in normal
controls, probably exaggerated in depressed patients,
and unrelated in schizophrenics. (24)
There is conflicting evidence on the hypothesis
that the risk of depression after stroke is influenced
by the location of the brain lesion (3,25,26).
Repetitive transcranial magnetic stimulation
(rTMS) is a new method that is able to increase cortical activity at high and decrease at low frequency
stimulation (27). Application of high frequency rTMS
to left dorsolateral prefrontal cortex (DLPFC) (28)
and low frequency to right DLPFC (29) was reported
to have beneficial effects on symptoms of depression. However, in a study on healthy subjects, application of high frequency rTMS to left DLPFC
decreased happiness whereas application to right
DLPFC decreased sadness (30).
Other TMS studies (bilateral motor threshold and
paired-pulse) on depressed patients showed lower
excitability on the left hemisphere which was absent
in controls (31).
OBSESSIVE-COMPULSIVE DISORDER
There is a neuroanatomic lateralization in obsessive-compulsive disorder (OCD). In symptom provocation studies of OCD hyperperfusion in the right
caudate and right orbitofrontal cortex were reported
(32,33). Right medial prefrontal or right
orbitofrontal metabolism and perfusion were
decreased after successful treatment of OCD patients
with pharmacology or behavior therapy (34,35,36).
In a MRI study Szeszko (37) reported lack of normal hemispheric asymmetry of the hippocampus-
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amygdala complex in OCD patients.
Greenberg et al (38) reported that application of
rTMS to right, but not left, DLPFC decreased the
intensity of compulsive urges in OCD patients, providing further support for lateralization in OCD.

visual vigilance task the metabolic rate was higher in
the right hemisphere than in the left in control subjects but patients with bulimia did not have this
normal asymmetry. (45)
VIOLENCE and AGGRESSION

PANIC DISORDER
In a PET study on patients with panic disorder,
patients who were vulnerable to lactate-induced
panic, had several abnormalities in the resting, nonpanic state including an abnormal hemispheric
asymmetry of parahippocampal blood flow, blood
volume, and oxygen metabolism (39). The abnormal
right left ratio in panic disorder especially seen in
hippocampus and inferior prefrontal regions was also
found in imipramin treated panic patients (40).
In a preliminary PET study on 7 medication free
panic patients, Malizia et al (41) reported a global
reduction in benzodiazepine site binding throughout
the brain in patients with panic disorder compared
with controls; and the largest regional decrease in
binding were found in the right orbitofrontal cortex
and right insula.
In an EEG study, Wiedemann et al (42) reported
that patients with panic disorder showed greater
activation of a right frontal avoidance-withdrawal
system than controls in the presence of negative
stimuli.
EATING DISORDERS
In a study on anorexia nervosa patients with and
without habitual binge/purge behavior, SPECT
examination was performed before and after the
subjects were asked to imagine food. The anorexia
nervosa patients with habitual binge/purge behavior
had a significantly higher percent change in the
inferior, superior, prefrontal, and parietal regions of
the right brain than the patients with purely restrictive anorexia and the healthy volunteers. These findings suggest a relation between right brain activation and habitual binge/purge behavior. (43)
In a patient with bulimia nervosa it was found
that in the anorexic state, the cerebral blood flow in
the temporal, parietal, and occipital lobes on the
right side was lower than that on the left side and in
the binge-eating state there was no laterality. (44)
In a controlled study on eight women with
bulimia using PET, during the performance of a
56

In a study on the relationship of EEG abnormalities and violent criminal behavior in 222 defendants
referred to psychiatric evaluation, it was reported
that while there was no relation between the number of violent offenses and EEG abnormalities in
general, focal abnormalities especially on the left
hemisphere were related to a significantly higher
number of violent offenses, which suggests a left
hemisphere dysfunction in violent behavior (46).
A SPECT study on 40 adolescents and adults who
exhibited aggressive behavior within the six months
prior to evaluation by physically attacking another
person or destroying property, found decreased
activity in the prefrontal cortex, increased activity in
the anteromedial portions of the frontal lobes, left
sided increased activity in the basal ganglia, and/or
limbic system in comparison to the whole brain, and
focal abnormalities in the left temporal lobe (47).
In a study (48) on adult patients with left, right,
or bilateral temporal lobe epilepsy or absence epilepsy and normal controls, it was reported that patients
with left temporal lobe epilepsy scored higher than
other groups on hostile feelings, normal controls
scored higher on covert aggression and bitemporal
patients scored higher on overt aggression.
Stein et al (49) found increased left-sided neurological soft signs in impulsive and aggressive
patients.
ATTENTION-DEFICIT/HYPERACTIVITY DISORDER
In an electroencephalography study in unmedicated preschool and school boys and girls with
attention-deficit/hyperactivity it was reported that
boys with ADHD exhibited a less, but girls more,
right-lateralized frontal activation pattern than normal controls (50).
Pliszka et al (51) measured event-related potentials in 10 children with ADHD and 10 healthy children during a response inhibition task and reported
right frontal abnormalities in ADHD.
In a study to examine the integrity of presynaptic dopaminergic function in children with ADHD
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through use of PET, accumulation of [18F]DOPA in
synaptic terminals, a measure of dopa decarboxylase
activity in the right midbrain was found to be higher in ADHD than normals and correlated with symptom severity (52).
OTHER MENTAL CONDITIONS
Trzepacz (53) proposes that delirium involves
particular neural pathways and lateralization to the
right. Prefrontal cortices, anterior and right thalamus, and right basilar mesial temporoparietal cortex
may play a significant role in delirium symptoms as
disorientation, cognitive deficits, sleep-wake cycle
disturbance, disorganized thinking, and language
abnormalities.
Petruzzello et al (54) reported postexercise
increase in activation of the left frontal area with
respect to the homologous right frontal site together with decrease in anxiety level, bringing an explanation to why anxiety is reduced with exercise.

Conversion symptoms tend to appear more commonly on the left side of the body, particularly the
sensory symptoms, and some EEG studies support
the role of the nondominant hemisphere in conversion (55).
The results of a PET study on PTSD patients during symptom provocation suggest that PTSD symptoms are mediated by the limbic and paralimbic systems within the right hemisphere (56).
CONCLUSION
The laterality in mental disorders seems to be an
important and interesting subject for research.
According to the available data most of the psychopathological conditions show varying degrees of
right or left hemisphere dysfunctions.
Emergence of new technological opportunities like
TMS to effect one side of the brain encourages further studies on the role of hemispheric specialization
in psychopathology.
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