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Background: As an Ancient Chinese proverb says ‘‘The beginning of wisdom is to call things by their right
names’’ thus we must start calling mental disorders by the names of their underlying brain disturbances.
Without knowledge of the causes of mental disorders, their cures will remain elusive.
Methods: Neuroanalysis is a literature-based re-conceptualization of mental disorders as disturbances of
brain organization. Psychosis and schizophrenia can be re-conceptualized as disturbances to connectivity
and hierarchical dynamics in the brain; mood disorders can be re-conceptualized as disturbances to opti-
mization dynamics and free energy in the brain, and finally personality disorders can be re-conceptual-
ized as disordered default-mode networks in the brain.
Results and conclusions: Knowledge and awareness of the disease algorithms of mental disorders will
become critical because powerful technologies for controlling brain activity are developing and becoming
available. The time will soon come when psychiatrists will be asked to define the exact ‘algorithms’ of
disturbances in their psychiatric patients. Neuroanalysis can be a starting point for the response to that
challenge.

� 2012 Elsevier Ltd. All rights reserved.

Introduction

Psychiatry is a discipline that offers treatments that are only
partially effective in curing mental disorders. This may be because
psychiatry is conceptually unrelated to the brain. Psychiatry uses a
descriptive diagnostic system composed from lists of signs and
symptoms that are not related to brain pathology and thus cannot
be validated or facilitate treatment interventions. Introducing
brain-related neurological conceptualization in psychiatry will
have a critical impact on developing future effective treatments
for mental disorders.

In this review I will show how a wide range of mental and psy-
chological disorders can be re-conceptualized as brain disorders
by using recent knowledge about the complex neural network orga-
nizations and disturbances of the brain. Such re-conceptualization
can offer a method for brain-based neuroscientific psychiatric
diagnosis.

Small world networks in the brain

In a recent paper Sporns [1] reviews current empirical efforts
toward generating a network map of the human brain and explores

new insights into the organization of the brain’s structural connec-
tions and their role in shaping functional dynamics. Noninvasive
neuroimaging has revealed a number of highly nonrandom
network attributes, including high clustering and modularity com-
bined with high efficiency and short path length. The combination
of these attributes simultaneously promotes high specialization
and high integration within modular small-world architecture.
Structural and functional networks share some of the same charac-
teristics, although their relationship is complex and nonlinear.
Small world network organization seems to be an optimal form
of brain organization that offers functional optimization, or in
other words healthy mental functions.

Using diffusion tensor imaging based fiber tractography Yap
et al. [2] found that small-world architecture exists at birth with
efficiency that increases in later stages of development. They found
that the networks are broad scale in nature, signifying the exis-
tence of pivotal connection hubs and resilience of the brain
network to random and targeted attacks. The brain network seems
to evolve progressively from a local, predominantly proximity
based, connectivity pattern to a more distributed, predominantly
functional based, connectivity pattern.

In recent years, resting-state brain networks (RSNs) were
described, as opposed to activated cognition-related networks.
These are typically called ‘‘default-mode-networks’’ (DMN). Ding
and colleagues [3] investigated the topological properties of the
default-mode, dorsal attention, central-executive, somato-motor,
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visual and auditory networks derived from resting-state functional
magnetic resonance imaging (fMRI). They found small-world
topology in each RSN. Furthermore, small-world properties of cog-
nitive networks were higher than those of perceptual networks.
Thus they demonstrate a topological fractionation between per-
ceptual and higher cognitive networks. This emphasizes the rele-
vance of small-world organizations to higher mental functions.
Vertes and Duke [4] found that small-world networks perform an
order of magnitude better than random ones, enabling reliable dis-
crimination between inputs even when prompted by increasingly
incomplete recall cues. They showed that small-world architec-
tures operate at significantly reduced energetic costs and that their
memory capacity scales favorably with network size.

The synchronized behaviors of a noisy small-world neuronal net-
work with delay and diversity are numerically studied by calculat-
ing a synchronization measure and plotting firing pattern [5]. Delay
in the information transmission can induce fruitful synchronization
transitions, including transition from phase locking to antiphase
synchronization, and transition from antiphase synchronization to
complete synchronization. Furthermore, the delay-induced com-
plete synchronization can be changed by diversity, which causes
oscillatory-like transition between antiphase synchronization and
complete synchronization. These are relevant functional dynamics
when optimal versus disturbed functions are envisioned.

In this review mental disorders are reconceptualized as distur-
bances to the optimal normal small-world-network organization in
the brain. It is proposed that such reconceptualization offers a
framework and method for brain-related neuroscientific diagnosis
in psychiatry. Neuroscientific psychiatry opens up novel trends for
more effective therapies for mental disorders in the future.

Psychosis and disturbances of connectivity and hierarchy

As early as 1800 Meynert [6] described psychosis as resulting
from weakness of connectivity among neuronal ensembles,
Wernike [7] also envisioned psychosis as disintegration of neuro-
nal organizations, Bleuler coined the term ‘‘schizophrenia’’, ‘‘schi-
zo’’ meaning ‘split’ considering that the disorders result from
‘split-mind’ or the splitting of mental functions.

In the 19900s the term ‘disconnection syndrome’ for schizophre-
nia was coined by Friston and Frith [8]. Since then many papers sup-
ported the notion of connectivity disturbances in psychosis and
schizophrenia. Subsequently disconnectivity was shown to afflict
hierarchical brain organization [9] interfering with top–down cogni-
tive control and bottom–up hierarchical dynamics [10]. In this re-
spect the literature has accumulated and many reviews were
published, one of which titled ‘‘Errant ensembles: dysfunctional
neuronal network dynamics in schizophrenia’’ by Jones [11] sum-
marizes mounting empirical evidence for connectivity disturbances
of neural network in the brains of schizophrenia and psychotic pa-
tients. In recent years disconnectivity in schizophrenia has been re-
lated to the small-world network organization and was found to
alter and disturb small-worldliness optimal organization of the
brain. For example Yu et al. [12] published a paper titled ‘‘Altered
small-world brain networks in temporal lobe in patients with
schizophrenia performing an auditory oddball task.’’ Wang et al.
[13] found that the topological properties of the patients’ anatomi-
cal networks were altered, in that global efficiency decreased but
local efficiency remained unchanged. The deleterious effects of
schizophrenia on network performance appear to be localized as re-
duced regional efficiency in hubs such as the frontal associative cor-
tices, the paralimbic/limbic regions and a subcortical structure (the
left putamen). Using fMRI independent component analysis, Yu et
al. [14] found significantly altered topological properties of func-
tional network connectivity in schizophrenia patients compared to
controls. In addition, topological measures of many independent

components involving frontal, parietal, occipital and cerebellar areas
were altered in schizophrenia patients relative to controls. Specifi-
cally, topological measures of whole network and specific compo-
nents in schizophrenia patients correlated with scores on the
negative symptom scale of the Positive and Negative Symptom Scale
(PANSS). These findings suggest that aberrant architecture of small-
world brain topology in schizophrenia patients consists of indepen-
dent component analysis temporally coherent brain networks.

Auditory oddball task-related networks in schizophrenia pa-
tients provided further evidence for brain dysfunction of connec-
tivity in schizophrenia [12]. Small-worldliness values were
decreased in both hemispheres in schizophrenia patients. In addi-
tion, schizophrenia patients showed longer shortest path length
and lower global efficiency only in the left task-related networks.
These results suggested small-world attributes are altered during
the auditory oddball task in schizophrenia.

‘‘Disconnectivity in schizophrenia: Where are we now?’’
Pettersson-Yeo et al. [15] ask in a more recent review, insinuating
what needs to be the next step to be achieved with these findings.
They suggest that the vast accumulated literature about connectiv-
ity disturbances in general, and small-world disintegration in par-
ticular, characterizes brains of schizophrenia patients. This novel
characterization can reconceptualize schizophrenia spectrum dis-
orders as disorders of brain connectivity, rather than schizophrenia,
which is a general term unrelated to the brain. The option of describ-
ing schizophrenia disturbances in terms of altered connectivity
patterns introduces a novel approach to these disorders [10].

Neural network models that simulate thought processes [16]
and perception [17] demonstrate that by disconnecting the proces-
sors (simulated neurons) of the network, the activity of the net-
work models reflect clinical phenomenology such as loosening of
associations, fragmentation of perception, hallucinations and delu-
sions encountered in the clinical manifestations of psychosis. Over-
connectivity causes units to constrain each other’s activity and as a
whole the network ‘‘freezes’’ becomes constrained and reduces
activity, reduces the number of states it can achieve, repeats the
same states over and over again, thus simulating reduced thought
processes and perseverations encountered in the clinical manifes-
tations of the negative signs of schizophrenia.

Such disturbances also afflict the hierarchal organization of the
brain. It is known that the brain organizes hierarchically with bot-
tom–up processes of unimodal multimodal and transmodal inte-
gration [18] in which our conscious experience integrates into
coherent experiences. Auditory stimuli and visual information
are integrated to experience actual people who are talking as
opposed to auditory hallucinations that are perceived regardless
of the presence of real people. It is also known that top–down pro-
cesses are responsible for higher-level schemata, representations,
and ideations, which control, and sometimes bias, our incoming
(bottom–up) experiences.

Connectivity imbalances in the bottom–up top–down dynamics
can result in systemized delusions when top–down shifts result in
overly-controlling schemata that bias the actual experiences. Bot-
tom–up insufficiencies lead to impaired higher-level organization,
curtailing higher-level phenomena such as motivation and volition
[18] and resulting in the disastrous phenomenological manifesta-
tions of deficiency syndromes in schizophrenia patients [19].

These concepts that relate clinical phenomenology to brain dis-
turbances reconceptualize descriptive phenomenology such as posi-
tive and negative signs of schizophrenia in term of ‘disconnection’,
‘over-connection’, ‘bottom–up insufficiency’ and ‘top–down shift’.

Mood anxiety and plasticity

In recent years substantial information concerning the mecha-
nisms related to mood and anxiety disorders has been published.
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The emerging picture from such progress provides evidence that
depression is associated with reduced neuronal plasticity in the
form of cell death, reduced dendrite arborization and reduction
in the number of spines on dendrites [20–25]. To support the re-
duced plasticity findings of depression, it has been shown that
antidepressant effects correlate with synaptogenesis and neuro-
genesis; these are the late effects of SSRIs and ECT (electroconvul-
sive therapy; [26]).

The changes in plasticity related to mood seem to be spread over
vast cortical regions, as SSRIs are known to effect large percentages
of cortical neurons. Thus mood regulation seems to involve whole
brain dynamics, an emergent property [27]. Increased plasticity
and changeability has an antidepressant effect while reduced plas-
ticity is associated with depressed mood [28].

How can we understand such findings in the context of clinical
phenomenology? One plausible way to explain these findings is
related to the adaptability and changeability required by the brain
to compute cognitive functions. Cognition involves learning, deci-
sion-making and responding to environmental challenges. The
brain uses internal representations, models of actual occurrences,
and internal models of the world for effective cognition, one that
offers adaptive optimal behaviors in the ever-changing challenging
environment [29–31].

Karl Friston recently conceived a mathematical formulation for
such plasticity–adaptability phenomena achieved by the brain
[32]. Free energy is a quantifiable statistical measurement that re-
mains low when differences between environmental occurrences
and internal brain organizations are reduced. Free energy increases
whenever biases, or mismatch between environmental occur-
rences and internal representational models occur in the brain.

Mood alteration in conjunction with free energy reduction can
now be conceptualized. It is conceivable that the plastic malleable
brain will adapt better to its environment thus reducing free en-
ergy more effectively. As explained above, increased plasticity
has an antidepressant effect, and also offers better free energy
reductions, thus reduction of free energy is related to an antide-
pressant effect. The opposite assumption argues that increase in
free energy has a mood depressing effect. Reduced brain plasticity
causes the brain to be less adaptive, this creates mismatch and
biases between internal constructs and environmental occur-
rences, that is a mismatch which is measured as increases of free
energy.

Clinically this model is very appealing because it offers an
explanation for a long standing debate about reactive depression
versus endogenous depression, or in other words the differences
between depression resulting from stress and that which emerges
without any apparent environmental trigger.

Stress always involves a substantial change in the environment,
losing a dear one changes erratically every-day experience, simi-
larly losing a home, a job and so on. Changes, abrupt and large,
immediately create a difference and mismatch with the internal
representations of the habitual world represented in the brain. This
results in immediate increase of free energy thus resulting in de-
pressed mood. Adaptability and adjustment are the hallmarks of
grief. Actually grief subsides when the surviving relative adapts
to the loss of a dear one. In other words the plastic brain must ad-
just, update and adapt its internal configuration to a new model
without the lost environmental object. Thus antidepressant effects
of plasticity induction are activated to overcome depression. It is
thus conceivable how antidepressant medications that increase
plasticity can help those suffering from stress induced depression.

The formulations presented thus far can explain endogenic
depression as reduced neuronal plasticity and brain adaptability
unrelated to external stress. Life is related to ever-changing envi-
ronments, thus during normal life experience everything is in con-
tinuous flux and change and the brain regularly adapts to these

changes. However, if plasticity dynamics is reduced to the extent
that it cannot adapt to the normal changing environment, mis-
match and free-energy increase. Such increase triggers depressed
mood just because the plastic brain cannot keep up with the nor-
mal regular adaptability required by the alternating changing envi-
ronmental occurrences. This phenomenon is typically found in old
age and dementia where the incidence of depression is very high.
The aging brain is less plastic but the environmental occurrences
maintain their changing pace. Mismatch increases free energy
and results in higher rates of depression. Clinically it is well-known
that when an elderly person is requested to move from his home to
a care facility or hospital, depression ensues because the change in
environment is too great for a non-adaptive (reduced plasticity)
brain to cope with.

In summary the descriptive terminology of mania and depres-
sion can now be substituted with brain-related conceptualization
such as ‘optimization dynamics’ where free energy is reduced
(antidepressant, mood elevating effects), and ‘de-optimization
dynamics’ where free energy increases and depression ensues.
Such brain-related diagnostics have the advantage for future vali-
dation as imaging tools are developed to detect free energy
changes in the brain (e.g., dynamic causal modeling [33,34]). Thus,
future diagnosis of depression and mood pathologies will be
achieved neuroscientifically by measuring free-energy changes ex-
tracted from appropriate imaging technologies. Better therapies
can be designed to specifically target those plasticity-inducing
(free-energy-reducing) processes.

Personality disorders plasticity and default mode network

Psychologists teach us that personality is related to the way we
perceive ourselves and others, the way we react and behave in
complex psychosocial situations, and that our behavior is the result
of our past experiences learned and accumulated from infancy to
adulthood. Object relation psychologists [29–31] go further and re-
late our personality traits to internal representations or constructs
with ‘objects’ of meaningful others and self. These internal repre-
sentations are used as ‘maps’ that guide the way we perceive the
psychosocial world and react in social psychological contexts
[35]. Psychologists define personality disorder as an inappropriate,
stereotyped maladaptive psychosocial conduct and behavior.

As early as 1850 Theodor Meynert concluded that ideas are rep-
resented in the brain by activations of neuronal ensembles, associ-
ations are created by pathways and connectivity between activated
neuronal ensembles representing the associated thoughts and
experiences. He argued that in the process of development experi-
ences and thoughts create individual network brain organizations
representing individual experiences and thoughts responsible for
our conduct in the world. The term he used to describe these indi-
vidual network brain organizations is ‘Ego’. This term later became
famous (although in a different context) in the writings of his res-
ident student Sigmund Freud [36]. Meynert’s individual network
structure has been recently established and validated under the
term ‘Default-mode network’, which is a basic at-rest (non-task)
related brain organization. This basic network configuration also
obeys the small-world configuration typical to neural network
organizations in the brain [3].

But how can these default-mode networks become relevant to
the internal (object relationships) configurations that make up
the internal model of the world according to which we experience
ourselves, others and psychosocial occurrences? Can the structures
and configurations of the default-mode networks embed the inter-
nal representations described by object relationship psychologists?

The well-established field of neural computation provides a po-
sitive affirmative answer for these questions [37]. Neural computa-
tion deals with artificial models of brain-like neural networks
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using brain-simulator computers that compute and represent
information similar to human performance, in a method called
‘artificial intelligence’. These models show us how neuronal
ensembles and their activations can embed internal representa-
tions and then activate them to react and behave in general and
psychosocial environments [37].

Information in these systems is embedded into neuronal con-
nections using Hebb-like algorithms [38], by adjusting (strength-
ening) connections among neuronal ensembles (also called
Hebbian ensembles). This is similar to experience-dependent plas-
ticity [39] a process of synaptic changes and connections shaped by
experience i.e., incoming stimuli from the environment. As ex-
plained above free energy reduction involves continuous reduction
of differences between internal brain-models of the outer world
and the actual constructs and occurrences of that outer world. Thus
it can be concluded that the formation, update and development of
internal configurations result from experience-dependent-plastic-
ity obeying the laws of free-energy reduction.

The vast psychological literature does not cease to emphasize
the importance of early life experiences and upbringing for the
development of a mature, adaptive, resilient well-functioning per-
sonality. In addition to finding maladaptive, stereotyped inappro-
priate psychosocial conduct in those suffering from personality
disorders, an additional hallmark for those patients is the revela-
tion of pathological, biases, and deviations in their upbringing, as
exposed by their histories in the diagnostic process. Thus it is rea-
sonable to assume that growing-up and developing in erratic path-
ological psychosocial conditions can result in biased pathological
internal representations, that will become inappropriate and mal-
adaptive for the person with the pathological upbringing. The same
mechanisms of experience-dependent plasticity and reduction of
free energy play a role in the formation of personality-disordered
patients and in the healthy mature person, the difference being
that the personality disordered patient was unfortunate in that
he experienced a pathological upbringing that ‘equipped’ him with
inappropriate internal representations.

Taking these insights one step further it can be deduced that those
suffering from personality disorders have altered immature biased
default-mode networks. This is based on the assumption (explained
above) that the default- mode network is the physical brain construc-
tion that ‘holds’ and effectuates the internal representations.

To summarize, it is possible to begin and reconceptualize per-
sonality disorders as disorders of the default-mode network. Such
reconceptualization will substitute the descriptive (non-brain-
related) term of ‘personality disorder’ with the brain-related neu-
roscientific term ‘disordered default-mode network’. This is not
merely a semantic change, since the default-mode network obeys
small-world organizations, thus disturbances to the small-worldli-
ness of the default-mode network detected by signal processing of
future imaging data can offer an objective brain-related neurosci-
entific diagnosis for personality disorders.

Using the above formulations and reconceptualizations, one can
see how psychotherapy acts as experience-dependent-plasticity
therapy. Repeat psychotherapy sessions are actually recurring psy-
chosocial experiences that if directed properly (offer corrective
experiences) together with the regular plasticity free-energy
dynamics, can make meaningful changes in the internal represen-
tations of patients, changes that can relieve the suffering of the pa-
tient by providing him with more flexible adaptable internal
representations, or in other words a more mature and effective
default-mode- small world network.

Conclusions and discussion

The most pressing problem in psychiatry today is related to
diagnosis. The descriptive diagnosis of the DSM system has

achieved reliability, but being descriptive (relying on signs and
symptoms) its validity remains questionable. A compelling psychi-
atric diagnosis needs to be related to the brain. Only a neuroscien-
tific psychiatric diagnosis that is valid and applicable to the brain
can provide for future curative interventions for mental disorders.

In this paper it is shown that psychosis and schizophrenia can
be reconceptualized as disturbances to connectivity and hierarchy
dynamics in the brain; mood disorders can be reconceptualized as
disturbances to optimization dynamics and free energy in the
brain, and finally personality disorders can be reconceptualized
as disordered default-mode networks in the brain.

These different disturbances do not occur in isolation rather
they manifest together and in parallel and are interdependent.
For example if the brain suffers disconnection dynamics apparently
optimization dynamics will also be disturbed and free energy will
be increased, thus it is expected that manifestations of schizophre-
nia symptoms will also include depressed mood. This explains why
clinical phenomenology is frequently in the form of a spectrum
with schizophrenia and depression symptoms combining to vari-
ous degrees (to the extent that the DSM entity of schizoaffective
disorder had to be created).

Patients suffering from personality disorders typically complain
of depression, this is because biased, immature and undeveloped
internal representations never achieve a good ‘match’ with the ac-
tual psychosocial occurrences in their environment. Thus increased
free energy coupled with de-optimization dynamics, (as explained
above) result in depressed mood.

Neuroanalysis [28] is a method that translates clinical phenom-
enology of mental disorders into their presumed brain-related
manifestations at the level of disturbed neural networks. According
to the clinical manifestations of the psychiatric patient such trans-
lation generates a patient-specific profile of brain disturbances.
This is formulated in a testable-prediction manner directly tailored
for validation research. The neuroscientific terminology for the
translation is called Clinical Brain Profiling (CBP) and is open for
use on the web http://www.neuroanalysis.org.il/. Even though
CBP awaits scientific corroboration it can be a starting point for a
future neuroscientific diagnosis in psychiatry.

An old Chinese proverb states that ‘‘The beginning of wisdom is
to call things by their right name’’ we must start calling mental dis-
orders based on their underlying brain disturbances. CBP and neu-
roanalysis can offer a starting point for brain-related psychiatry.
This type of diagnostic conceptualization will withstand validation
for psychiatric diagnosis, a validation critical for finding the under-
lying brain-based causes of mental disorders. Without knowledge
of the causes of mental disorders, their cures will remain elusive
as in the current state of the art psychiatry.

Knowledge of the disease algorithms of mental disorders will
become critical when developing powerful future technologies
for controlling brain activity (such as Optogenetics; [40,41]) be-
come available for treatment. It is at this critical point in time that
psychiatrists will be asked to define the exact ‘algorithms’ of dis-
turbances in their psychiatric patients. Psychiatrists need to be
ready and neuroanalysis can be the first step in the preparation
for novel treatment employing neuroscientific technologies.
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