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The Role of Neuroimaging in Translational
Cognitive Neuroscience
Roland Zahn, MD, PhD

Abstract: Despite the current enthusiasm for neuroimaging as
a key method in translational neuroscience, there is a lack of debate about the nosological framework within which neuroimaging measures should be related to diagnostic categories. Here,
the aim was to stimulate a debate about the role of cognitive
neuroscience and neuroimaging in mediating between molecular/
genetic, clinical diagnostic, and symptom-based descriptions of
neuropsychiatric disorders. The diagnostic role of neuroimaging
in translational neuroscience is stressed, namely, to be combined
with cognitive measures to deﬁne cognitive-anatomical syndromes
as an intermediate diagnostic category that mediates between
clinical diagnoses and psychoreactive as well as neurobiological
etiologic factors. This multilevel approach will be illustrated by
reviewing recent insights into the cognitive-anatomical basis of
inappropriate social behavior and social knowledge in frontotemporal dementia and by discussing its implications for the study of
neuropsychiatric disorders such as major depressive disorder in
which neuroanatomical abnormalities are more subtle.
Key Words: translational medicine, nosology, psychiatry, neurology,
major depression, frontotemporal dementia, social cognition, social
knowledge, moral emotions, moral sentiments, guilt
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T

ranslational neuroscience is an emerging discipline and is
part of the recently launched ﬁeld of translational medicine,
deﬁned as the effort to use basic research advances (ie, studies
of biological processes) to develop new therapies or medical
procedures.1 Here, I argue that the success of translational
neuroscience will depend on linking basic insights from cognitive neuroscience, which often relies on neuroimaging in
healthy populations with clinical neuropsychiatric disorders.
The methodological challenges of translating Bbasic[ cognitive
neuroscience into clinical neuropsychiatry are signiﬁcant, and
therefore, I propose a methodological framework labeled as
Btranslational cognitive neuroscience[ to highlight its bridging
function between Btranslational molecular neuroscience[ and
clinical neuropsychiatry. For a deﬁnition of the aims of basic
cognitive neuroscience, translational cognitive neuroscience,
and clinical neuropsychiatry, see Figure 1.

From the University of Manchester, School of Psychological Sciences,
Neuroscience and Aphasia Research Unit, Manchester, UK.
Reprints: Roland Zahn, MD, PhD, The University of Manchester, School of
Psychological Sciences, Neuroscience and Aphasia Research Unit,
Manchester, M13 9PL, UK (e-mail: roland.zahn@manchester.ac.uk).
The author was supported by a Stepping Stones Fellowship from the Faculty
of Medical and Human Sciences and Institute of Health Sciences,
University of Manchester, Manchester, UK.
Copyright * 2010 by Lippincott Williams & Wilkins

Top Magn Reson Imaging

&

Volume 20, Number 5, October 2009

The translational cognitive neuroscience approach proposed
here aims to identify the cognitive-anatomical components that
are disrupted in neuropsychiatric disorders. Cognitive-anatomical
components refer to cognitive (including emotional) components linked with particular neuroanatomical substrates. The
term neuropsychiatric disorders is used here to refer to all
central nervous system disorders irrespective of their cause,
whether due to marked macroanatomical abnormalities or other
neurobiological factors and irrespective of the degree to which
they require additional reaction to psychological (including
culturally shaped) experiences and are thus modulated by
learning. The proposed focus on the identiﬁcation of cognitiveanatomical underpinnings of neuropsychiatric disorders is a
subtle but important difference from translational neuroscience
in its currently practiced form, which uses cognitive neuroscience methods such as neuropsychological test examination or
functional magnetic resonance imaging (MRI) mainly to replace
or reﬁne clinical diagnoses when making correlations with
molecular or genetic factors of etiology.
As Kendler pointed out,2 there is still a divide within
psychiatric nosology (ie, the science of deﬁning and classifying
psychiatric illnesses) between Bhard reductionism (all psychiatric illness is best explained solely in terms of molecular
neuroscience) and hard emergentism (all psychiatric illness is
best explained solely in terms of speciﬁed mental or social
mechanisms and cannot be deduced from biology).[ Kendler’s
suggestion is to ﬁnd a middle ground between these extremes by
using a multilevel approach that aims to decompose ﬁrst the
simple subsystems at different levels (eg, molecular, psychological) and then to study their complex interactions, but without
aiming to ﬁnd one-to-one correspondences between units at
different levels.2 Here, I suggest a methodological framework
for implementing such a multilevel approach to understand the
relationship of neurobiological and psychoreactive pathogenetic
factors with symptoms of neuropsychiatric disorders and
highlight the critical role of neuroimaging.
Translational cognitive neuroscience is related to the
Bcognitive neuropsychiatry[ approach proposed by Halligan &
David3 deﬁned as aiming to establish Bthe functional organization of psychiatric disorders within a framework of cognitive
neuropsychology and linking this framework to relevant brain
structures and their pathology.[ Cognitive neuropsychology is a
branch of cognitive neuroscience emphasizing the importance of
single-case analyses and establishing the separation of cognitive
components by demonstrating their dissociation in patients
with neurological disorders.4 The cognitive neuropsychological
method has led to a wealth of valuable data and to reﬁned models
of higher cognitive functions. The classic models of cognitive
neuropsychology, however, did not primarily aim to identify
the anatomical localization of cognitive components, which
was partly due to the difﬁculty of establishing simple lesion
localization-cognitive function associations in case series, especially when relying on low-spatial-resolution imaging methods
such as computed tomography (CT) and single photon emission
CT (SPECT) in the early days of cognitive neuropsychology.
www.topicsinmri.com
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arguments and gives future perspectives for translational
cognitive neuroscience research.

Clinical Measures in Translational
Neuroscience Research

FIGURE 1. The aims of basic, translational cognitive
neuroscience and clinical neuropsychiatry are depicted.

Modern structural MRI, positron emission tomography
(PET), MR spectroscopy, MR diffusion-weighted imaging, and
perfusion MRI, together with larger numbers of cases, have
improved our ability to link speciﬁc cognitive functions with
localization of lesions. Perfusion MRI in acute stroke patients,
for example, has been recently used to associate speciﬁc
cognitive components of language abilities with hypoperfusion
in particular brain regions.5 With the advent of functional MRI
(fMRI) in the 1990s, a novel way of establishing associations
between anatomical brain regions and their cognitive functions
became available. This has contributed to the emergence of
Bcognitive neuroscience[ as a ﬁeld that integrates insights from
the basic neurosciences in animals with the study of higher
cognition in humans using either neuroimaging (including
neurophysiological brain mapping such as electroencephalography) in healthy people or neuropsychological test examination
in patients with neuropsychiatric disorders.6
Although neuroimaging and neuropsychological measures
are widely used within the context of translational neuroscience,
the arising theoretical and methodological questions of how
to meaningfully do so are elusive. Here, the following core
questions are discussed:
1. What are the best clinical measures for translational
neuroscience research: clinical diagnoses as deﬁned by
international classiﬁcation systems, clinical symptoms,
syndromes, or surrogate imaging biomarkers?
2. What are the necessary levels of modeling the pathogenesis
of neuropsychiatric disorders: psychosocial, cognitive,
cognitive-anatomical, or molecular?
3. How many levels of description should successful models
of neuropsychiatric disorders have?
4. How should different levels of description be related with
each other in translational neuroscience research?
5. What is the role of neuroimaging for etiopathogenetic
models of neuropsychiatric disorders?
To address these questions, this article starts with brieﬂy
describing current approaches and controversies regarding
clinical measures and surrogates in translational research and
will then summarize different approaches to etiopathogenetic
models of neuropsychiatric disorders in general. The translational cognitive neuroscience approach will be illustrated by
applying it to the understanding of the pathogenesis of inappropriate social behavior in frontotemporal dementia (FTD)
syndromes. Furthermore, I will propose how these methodological principles could be applied to understand neuropsychiatric disorders such as major depression that do not exhibit the
same degree of macroanatomical abnormalities as can be found
in dementias or cognitive disorders due to injury, inﬂammation,
stroke, or brain tumors. The ﬁnal section summarizes the main
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One of the keys to successful translational neuroscience are
appropriate measures of the clinical disorder, which is the object
of etiopathogenetic understanding or the target of therapeutic
intervention. Neuropsychiatric symptoms are abnormal experiences or behaviors that cause signiﬁcant suffering of either the
patient or people whom the patient interacts with. It is this latter
component of symptoms that makes a consideration of the
sociocultural and personal norms that underlie deﬁnitions of
abnormality and suffering inevitable in any nosology of
neuropsychiatric disorders. Transcultural studies are therefore
indispensible to establish transculturally stable associations
between abnormalities of experiences or behavior and suffering.
But even for disorders such as Alzheimer’s dementia or major
depressive disorder (MDD) that have been established to be
associated with a set of core symptoms across cultures, there
remains the uncertainty of different diagnostic thresholds
depending on cultural and personal variation in subjective
experience, communication, and assessments of the symptom as
well as different cultural and personal perceptions of thresholds
of tolerable suffering. For example, the diagnosis of dementia
according to International Classiﬁcation of Disorders, 10th
Edition7 criteria requires a signiﬁcant reduction in daily life
functioning. This threshold is known to be inﬂuenced by the
demands on cognitive functioning for the person with dementia
in daily life, and cultural differences will largely inﬂuence when
patients and carers think of the problem as signiﬁcant.
One suggested solution to this threshold problem has been
to abolish diagnostic thresholds and think of symptom dimensions to increase sensitivity of correlations between neurobiological markers and clinical measures.8 One danger of
abolishing diagnostic thresholds for symptoms and their
combinations into clinical syndromes is that they may lose
diagnostic speciﬁcity. For example, if clinicians were to call any
type of low mood, Bdepressive mood[, irrespective of whether
it causes signiﬁcant suffering or is present persistently most of
the day and more days than not, we would inevitably lose some
of the core deﬁning features of depressive or dysthymic mood
as opposed to low mood occurring in everyday life and not
associated with high degrees of psychosocial impairment.
Subthreshold neuropsychiatric symptoms, irrespective of their
pathological value (ie, how much they cause suffering taking the
literal meaning of the Greek word pathos), may be more
sensitive indicators of disorders and may be more transculturally
stable, but may lack speciﬁcity and therefore be disadvantageous
for translational cognitive neuroscience.
Measures of neuropsychiatric symptoms rely on self-rating
scales or structured, semistructured, or free interviews of
clinicians with patients and carers. The best symptom descriptions are phenomenological in that they are as free as possible of
prior assumptions and interpretations and try to depict the
patient’s subjective experience as accurately as possible.9
Although phenomenological qualities of symptoms can be
assessed with good interrater reliability,10 the reliable use of
semistructured interviews that aim at clinical diagnoses rather
than reﬁned symptom description can probably be learned more
easily (eg, Structured Clinical Diagnostic Interview for American Psychiatric Association Diagnostic Statistical Manual of
Mental Disorders, Fourth Edition [DSM-IV]11). Abnormal
behavior rather than experience can be measured with high
interrater reliability using structured interviews with carers of
* 2010 Lippincott Williams & Wilkins
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patients (eg, see Cummings et al12). Despite the high interrater
reliability of many neuropsychiatric diagnoses, the problem of
the validity of many of our diagnoses remains as elusive as at the
beginning of modern neuropsychiatry in the 19th century.
The difﬁculty of validity is the difﬁculty of deﬁning a
criterion standard against which to validate clinical diagnoses.
Clinical diagnoses mostly consist of a combination of symptoms
(ie, a clinical syndrome) with some etiologic constraints, for
example, the exclusion of mood changes due to substance abuse
or organic brain damage in DSM-IV when making a diagnosis of
MDD. Neuropsychiatric disorders with gross macroanatomical
abnormalities such as dementias seem to deal better with the
problem of validity at ﬁrst sight. As our discussion below on
current controversies of subclassiﬁcation of dementias shows,
however, the principal problem remains the same.
The problem of validity of clinical diagnoses has led to the
widely held notion that translational neuroscience will beneﬁt
from advances in molecular neuroscience and genetics, allowing
us to replace clinical diagnoses with biomarkers of the neurobiological change. Kendler13 has pointed out, however, that the
presence of a neurobiological variation in itself, even when
heritable, does not point to its validity as a pathological entity.13
Variations in height, hair color, and nose size, for example, are
heritable13 and could co-occur in families, one could also deﬁne
a statistical threshold of abnormality from a norm population,
but this would not inform us about the pathological value of this
syndrome. The aim here is to implement a multilevel approach,
as has been suggested by Kendler,2 to relating symptoms with
clinical diagnoses and neurobiological factors of etiology as
detailed below.

Multilevel Versus Dual-Level Etiopathogenetic
Models of Neuropsychiatric Disorders
A widely practiced approach to translational neuroscience
is to focus primarily on 2 levels of description, one measuring
the phenotype or expression of the illness and another measuring
the molecular or genetic cause (etiopathogenetic factor).
Functional MRI measures have been suggested as
Bintermediate phenotypes[ for correlations with individual
variations on gene polymorphisms in psychiatric disorders.14
The intermediate phenotype approach seeks to replace clinical
syndromes with more neurobiologically valid measures such
as fMRI to attain closer correlations between genetic variations
and their phenotypic expression in humans. Imaging measures
such as fMRI or structural MRI have also been suggested as
Bsurrogate markers[ for clinical manifestations of neuropsychiatric disorders15 or for predicting response to drug treatment.16,17
The purpose of volumetric MRI surrogate markers in neurodegenerative diseases,15 for example, is to give a more sensitive
index of disease progression for clinical trials than clinical
symptoms or neuropsychological tests could deliver.
Some of the intermediate phenotype and surrogate
biomarker approaches may suggest a reductionist model for
the use of neuroimaging in translational neuroscience (Fig. 2A).
The role of neuroimaging according to a reductionist view
would be to deliver a quantitative measure that can replace the
clinical diagnosis.15 These neuroimaging biomarkers could be
of great beneﬁt to drug development16,17; however, up to now
there is no available neuroimaging biomarker that has proven
to be predictive of clinical outcome.17 The clinical diagnosis/
biomarker could be reiteratively reﬁned to correspond as unambiguously as possible to a molecular cause of the disorder. A
recent example of successes with this reductionist approach
was that different clinical dementia syndromes associated with
different distributions of frontal and/or temporal focal abnor* 2010 Lippincott Williams & Wilkins
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malities as identiﬁed on MRI had a relatively high predictive
value for speciﬁc neuropathologic changes on microscopy after
death, which could further be related to certain molecular
pathogenetic pathways.18
The reductionist model of translational neuroscience has
the advantage of being easier to use and convey to clinicians.
The disadvantage of redeﬁning clinical diagnostic categories by
neuropathologic or molecular correlations is that clinical
classiﬁcations may become quite unstable and that diagnostic
categories may become increasingly fragmented, the more
different molecular pathogenetic causes we will be able to
detect. Another more fundamental problem of reductionist
approaches is that different molecular causes can lead to the
same regional distribution of pathology disrupting the same
cognitive-anatomical components and lead to identical clinical
symptoms. For example, progressive behavioral changes due to
ventral frontal atrophy can arise by Alzheimer disease
(AD)Ytypical microscopic changes (neuroﬁbrillary plaques and
tangles) with an atypical regional distribution of pathology in the
frontal rather than the medial temporal lobe.19 A reductionist
approach to translational neuroscience would aim to deﬁne the
diagnosis of FTD in a way to exclude patients with AD-typical
microscopic changes with the argument that the molecular
pathogenesis resembles more typical AD than other forms of
FTD. This argument is well understandable when considering
pharmacological treatments aimed at the molecular cause of a
disease. However, regarding neuroimaging, neuropsychology,
symptoms, management, and prognosis, the patient with ADtypical microscopic changes affecting frontal and anterior
temporal lobes may be more comparable with other FTD
patients despite their differences in molecular pathology.
A multilevel approach to the nosology of neuropsychiatric
disorders, as depicted in Figure 2B, allows for complex and
ambiguous relationships between molecular causes, regional
macroanatomical distribution of abnormalities, and clinical
symptoms. Instead of aiming to replace clinical diagnoses with
neuroimaging or neuropsychological markers, this approach
aims at separating (1) clinical syndromes as a combination of
clinical symptoms deﬁned by a clinician’s interview and (2)
clinical diagnoses as a combination of clinical syndromes with
certain etiologic constraints, from (3) Bcognitive-anatomical[
syndromes at an intermediate level, which allow correlation with
regional distribution of neuropathology. The regional distribution of neuropathology is then related to molecular and genetic
causes. Cognitive-anatomical syndromes are the result of
translational cognitive neuroscience research and consist of a
combination of intact, impaired, and potentially compensatorily
enhanced cognitive-anatomical components. Neuroimaging and
neuropsychological test examinations in healthy people and in
people with different types of disorders are used to identify
dissociable cognitive-anatomical components. These are then
used to build models that explain changes in subjective
experiences and abilities in a personal and cultural context
based on disruption of particular cognitive-anatomical components with a particular time frame and type of damage.
To illustrate the classic (reductionist) and the proposed
translational cognitive neuroscience approach, take for example
clinical syndromes characterized by slowly progressive cognitive impairments acquired in adulthood. When deﬁning a
clinical syndrome, one takes the time course of development
of symptoms into account and the relevance to daily life
functioning, but also the exact combination of symptoms and
lead symptoms.20 There are different lead symptoms that can be
used to distinguish different clinical syndromes. For example, if
a patient shows slowly progressive changes in social behavior in
www.topicsinmri.com
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FIGURE 2. Panels A and B illustrate the different approaches of dual-level translational neuroscience models (A) and the proposed
multilevel translational cognitive neuroscience models (B). The relationship between clinical syndrome, clinical diagnosis, and
cognitive-anatomical syndrome is inﬂuenced not only by the underlying neurobiological causes, but also by the sociocultural and
diagnostic norms that deﬁne abnormal psychosocial functioning as well as the patient’s and carer’s experience of symptoms and degree of
suffering. Cognitive-anatomical variation captures not only neurobiologically induced changes (eg, intrauterine infections, genetic or
hormonal factors), but also changes induced by learning and psychoreactive factors such as psychotraumata that change the
neurobiological and cognitive architecture through learning. Cognitive-anatomical variation is not restricted to macrostructural
anatomical variation, but could also relate to differences in microstructural and connectivity variations. Extensions of the
cognitive-anatomical approach can also include electrophysiological and neurochemical variations in particular brain networks.

a way thought of as inappropriate by their carers and departing
from the patient’s previous social conduct, but the patient is
initially well able to remember daily life events and has no
problems with spatial orientation, one will classify this patient as
showing a slowly progressive behavioral syndrome. Many
clinicians will directly come to a clinical diagnosis that is
based on the clinical syndrome, but entails a number of etiologic
constraints. For example, one may diagnose a behavioral variant
of FTD according to the Lund-Manchester consensus criteria21
(I will use the term frontotemporal dementia or FTD instead of
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the original Bfrontotemporal lobar degeneration[ throughout the
text as the superordinate label for the clinical diagnoses of
behavioral-variant FTD, semantic dementia, and progressive
nonﬂuent aphasia). But this requires exclusion of nonneurodegenerative etiologies, such as brain tumors or inﬂammatory
causes, for example. In most clinical settings, this is achieved
by standard neuroimaging techniques such as a noncontrast CT
and blood tests. Recent evidence-based clinical guidelines state
that visual inspection of regional distribution of abnormalities
on SPECT/18-ﬂuorodeoxyglucose (18-FDG) PET or MRI is
* 2010 Lippincott Williams & Wilkins
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recommended to improve differential diagnosis.22 Standard
neuroimaging may show abnormalities in ventral frontal cortex.
The role of standard neuroimaging is thus to help to consolidate
the clinical diagnosis.
The role of neuroimaging in a surrogate biomarker
approach15 here would be to replace the clinical diagnosis by,
for example, a measure of atrophy in the ventral frontal lobe. In
contrast, a multilevel translational cognitive neuroscience
approach would use neuroimaging techniques and neuropsychological test examination to identify the intact and impaired
cognitive-anatomical components in patients with a given
clinical diagnosis such as the behavioral variant of FTD. The
combination of intact and impaired cognitive components can
then be used to deﬁne a cognitive-anatomical syndrome that
explains the clinical syndrome on the basis of the regional
distribution of pathology in the brain and the type of lesion. For
example, a slowly progressive neurodegenerative lesion to the
ventral frontal lobe will lead to different cognitive symptoms
than a rapid-onset inﬂammatory lesion,23 even if the anatomical
distribution of the lesion is similar. This is because of the
difference in the ability of the remaining brain tissue to
reorganize its functions to compensate for lesioned tissue. The
main advantage of introducing a new intermediate level of
cognitive-anatomical syndromes is that the same clinical
diagnosis can be related with different cognitive-anatomical
syndromes, and the same cognitive-anatomical syndrome can be
associated with different clinical diagnoses. This allows different
etiologically and symptomatically similar, but cognitive-anatomically different syndromes to be recognized.
For example, the clinical diagnosis of the behavioral variant
of FTD is associated with variable degrees of ventral frontal and
anterior temporal lobe lesions, and, as I will further describe in
the next section, the same lead symptom of the associated
clinical syndrome, namely, inappropriate social behavior, can be
associated with disruption of different cognitive-anatomical
components.
Different cognitive-anatomical variants of the same clinical
diagnosis could be related with postmortem neuropathology
and regional distribution of microscopically or histochemically
detected changes. But there could be also identical histochemistry between different cognitive-anatomical variants.
The reductionist approach to translational neuroscience
would be to redeﬁne the clinical diagnosis to map more closely
onto the histochemical changes. This redeﬁnition of clinical
diagnoses could lead to higher prediction rates of histochemical
changes for the clinician, but it will inevitably fail to recognize
cases in which the histochemical changes are equally distributed anatomically, but are of a different kind. For example, it has
been shown that almost 50% of cases with progressive nonﬂuent language impairments show AD-typical histochemical
and microscopic changes.19 Furthermore, it has been demonstrated that the regional distribution of pathology is determined
by the clinical syndrome rather than the type of histochemical
changes.24
Clinical diagnoses are always partially etiologically deﬁned,
but are often etiologically heterogenous to allow grouping of
similar clinical presentations. This mixture of symptom-based
and etiologic deﬁnition of clinical diagnoses emphasizes classiﬁcation of disorders according to prognosis, symptomatic
management, and treatment. For example, a patient with progressive nonﬂuent speech problems due to left perisylvian and
insular cortical degeneration, but intact spatial orientation and
memory, will proﬁt from the diagnosis of progressive nonﬂuent
aphasia by knowing that this disorder has a different course than
classic Alzheimer dementia and that he/she will need different
* 2010 Lippincott Williams & Wilkins

Neuroimaging in Translational Cognitive Neuroscience

management and treatment. For example, swallowing problems
with aspiration pneumonia are a common problem that needs
attention by speech and language therapists. Depending on
pragmatic/clinical considerations, one could redeﬁne the clinical
diagnosis based on different cognitive-anatomical variants, but
only if the different cognitive-anatomical variants are signiﬁcantly different in management and prognosis.
In the next section, I will illustrate the use of a translational
cognitive neuroscience approach to core symptoms of the
behavioral variant of FTD.

Role of Neuroimaging in Modeling the
Pathogenesis of Inappropriate Social Behavior in
FTD Syndromes
To illustrate the translational cognitive neuroscience
approach, its application to the understanding of the cognitiveanatomical basis of inappropriate social behavior is described
here. Slowly progressive inappropriate social behavior, slowly
starting in later adult life, is an early, prominent, and distinctive
symptom of the behavioral variant of FTD.21 In contrast,
inappropriate social behavior does not occur in early forms of
typical Alzheimer’s dementia, which is characterized by early
prominence of impaired recent memory, which is intact in early
behavioral-variant FTD as is spatial orientation.
A translational cognitive neuroscience approach to inappropriate social behavior in behavioral-variant FTD is depicted
in Figure 3.
The clinical syndrome consists of the lead deﬁcit symptom
(ie, an early, prominent, and distinctive symptom of the
syndrome) together with other important intact abilities and
the time course and onset of the symptom. The same symptom
can occur in different clinical syndromes varying in associated
symptoms, relative prominence, or time course. For example,
inappropriate social behavior may occur as part of a manic
syndrome in late-onset bipolar disorders; one of the most
important differences when compared with FTD would be the
phasic versus slowly progressive time course of the syndrome.
Inappropriate social behavior can also co-occur with prominent
word ﬁnding, naming, and comprehension problems, but with
the naming problems preceding the social behavioral impairment, this would be characteristic for patients diagnosed with
another form of FTD, namely, semantic dementia.25 The right
hemispheric variant of semantic dementia was observed to show
impairments of face and object recognition together with
behavioral changes.26 Here I focus on the syndrome of slowly
progressive inappropriate social behavior without prominent
early impairments of either comprehension or object recognition
occurring in later life.
The clinical syndrome itself is not a clinical diagnosis,
because the syndrome makes no etiologic assumptions, although
clinical syndromes are always inﬂuenced by clinical diagnostic
classiﬁcations in practice. The clinical diagnosis according to
the Lund-Manchester consensus criteria21 can be made only
when a neurodegenerative cause of the syndrome can be
assumed. The exact type of clinical history, additional laboratory
tests, and clinical neuroimaging required to rule out nonneurodegenerative causes, such as tumors, for example, varies with
time and clinical setting. But the step from a clinical syndrome
to a clinical diagnosis is always one that requires additional
etiologic considerations. Both clinical syndrome and clinical
diagnosis are inﬂuenced by psychoreactive factors (ie, partially
caused by a reaction to psychological experiences including the
sociocultural environment and emerging from an interaction
with the sociocultural environment). Appropriate social behavior, for example, is culture-speciﬁc, and the tolerance level and
www.topicsinmri.com
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FIGURE 3. A translational cognitive neuroscience approach to inappropriate social behavior in the behavioral variant of FTD is illustrated.
Examples for each level are given: clinical syndrome, clinical diagnosis, cognitive-anatomical syndrome, regional distribution of
neuropathologic abnormalities, type of histochemical abnormalities, and genetic and molecular abnormalities. Standard neuroimaging
(eg, CT and MRI) plays an important role for establishing the clinical diagnosis by ruling out nonneurodegenerative causes of the disease.
Advanced neuroimaging using quantitative analysis of high-resolution 3-dimensional T1-weighted images (eg, see Zahn et al59), diffusion
tensor imaging (eg, see Bozzali and Cherubini60), arterial spin labeling (eg, see Du et al61), perfusion MRI (eg, see DeLeon et al5), MR
spectroscopy (eg, see Zahn et al59), or 18-FDG PET (eg, see Salmon et al62) and neuropsychological test examination (here the social
conceptual discrimination task,27 together with standard tests) can be used to identify the pattern of intact and impaired cognitive
components and of intact and abnormal metabolism and structure of gray matter and white matter. Please note that the depicted
histochemical and molecular associations have not been directly tested with the described cognitive-anatomical syndromes and are only for
illustrative purposes.

reaction of carers and work colleagues will largely affect how
psychosocial functioning of a patient is perceived and when
carers or work colleagues will decide that psychosocial
functioning is abnormal.
The same clinical syndrome within a certain clinical diagnosis can nevertheless be due to different cognitive-anatomical
syndromes as we have recently demonstrated for inappropriate
social behavior in patients with FTD.27 We were able to show
that inappropriate social behavior was associated with loss of
abstract conceptual knowledge of social behavior (eg, what it
means to behave Bpolitely[ or Bgenerously[). Furthermore, this
loss of abstract social knowledge was associated with hypometabolism (measured with 18-FDG PET) within the right superior
anterior temporal lobe. Many patients with selective impairments on abstract conceptual knowledge of social behavior, but
intact other conceptual knowledge (eg, knowledge of animal
behavior and properties: eg, Bnutritious,[ Btrainable[), had the
clinical diagnosis of behavioral-variant FTD. This means that
word-ﬁnding problems and general comprehension had not been
the lead symptom of their disease, and thus, they had not been
classiﬁed as semantic dementia, which is a clinical diagnosis
associated with bilateral, especially inferior/middle anterior temporal lobe atrophy.
It is known, however, that ventral medial frontal lobe
atrophy is associated with inappropriate social behavior in
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patients with FTD as well.28 The exact cognitive function of the
ventral medial frontal lobes is currently debated, but there is
evidence from fMRI in healthy human subjects that frontopolar
sectors of the ventral medial frontal cortex may be representing
complex (con-)sequences of behavior29 and that subgenual sectors of the ventral medial frontal cortex (extending into the septal
area30) may be representing afﬁliative rewards and punishments
enabling altruistic motivations.31,32 The inability to foresee future
consequences of one’s behavior or lack of altruistic concern may
lead to inappropriate social behavior as does lack of conceptual
social knowledge, and current behavioral interviews are unable
to distinguish the resulting behavior. Based on our cognitiveanatomical model of social and moral behavior,33 we would
therefore propose 3 dissociable cognitive-anatomical components
that can lead to similar behavioral symptoms and can combine
with different weightings within different cognitive-anatomical
syndromes (eg, impairment of right anterior temporal cortical
abstract conceptual social knowledge, impairment of [septal]subgenual cortical afﬁliative reward/punishment values of social
behavior, impairment of frontopolar cortical representations of
complex [con-]sequences of social behavior) associated with the
same clinical diagnosis of behavioral variant of FTD (see Fig. 4
for cognitive-anatomical correlations). In most patients with
the behavioral variant of FTD, the latter 2 components may
be associated, and therefore, I have grouped them into one
* 2010 Lippincott Williams & Wilkins
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FIGURE 4. The left panel shows consistent hypometabolism in the medial prefrontal cortex (including the subgenual region, the ventral
medial frontopolar, and dorsal medial prefrontal cortex) in a group of patients with FTD compared with aged healthy controls and a group
of patients with corticobasal syndrome on FDG PET. The right panel shows hypometabolism associated with selective impairments on
social conceptual knowledge when compared with knowledge of less socially relevant concepts (reprinted with permission from Brain27).
Hypothesized cognitive-anatomical components damaged by synaptic or neuronal dysfunction that contribute to inappropriate social
behavior are depicted with arrows: (1) subgenual cortical representation of afﬁliative reward and punishment values of social
behavior/actions, necessary for altruistic concern30Y32,48; (2) frontopolar cortical representation of complex (con-)sequences of social
behavior29,33,56; and (3) right anterior temporal representation of abstract conceptual meaning of social behavior.27,33,48,63 Orbitofrontal
and ventral parts of the cingulate cortex have been implicated in representations of reward and punishment values more generally,64 and
the bilateral anterior temporal lobes have been associated with amodal conceptual knowledge representations65 and conceptual
differentiation and generalization66 for any type of concept. The cognitive-anatomical model proposed here is adapted from Annals of the
New York Academy of Sciences32 and Nature Reviews Neuroscience33 and assumes topographic distribution of representations according to
the similarity of represented contents within the ventral cingulate and anterior temporal and frontopolar cortex. This topographic
distribution is able to explain why subregions can be specialized for representing certain types of rewards/punishment associations,
conceptual qualities, and action (con-)sequences. Figure 4 can be viewed online in color at www.topicsinmri.com.

cognitive-anatomical syndrome. To further complicate the picture,
there will be different degrees of overlap between the cognitiveanatomical syndromes, because patients with right superior anterior temporal lobe hypometabolism often have lesions to the
ventral frontal cortex as well.27,34
On the next level of description, in vivo brain imaging
results are correlated with postmortem inspection of the regional
distribution of abnormalities including atrophy and histochemical changes on stained slices. In a postmortem study, Snowden
et al,26 for example, showed that there was combined frontal and
anterior temporal atrophy in 30 of 39 cases with behavioralvariant FTD, but the remaining 9 cases showed either predominant frontal or temporal changes. This demonstrates that the
same clinical diagnosis can be associated with differences in
regional distribution of neuropathologic changes.
At a separate level of description, the histochemical type
of abnormality can be further characterized. In this study, for
example, there were about half of the behavioral-variant FTD
patients showing tau-positive abnormalities and the other half
showing tau-negative, ubiquitin-positive changes. None of the
patients showed AD-typical neuroﬁbrillary tangles and betaamyloid plaques. I have included AD-typical histochemical
abnormalities here, however, because Alladi and colleagues19
found 2 such cases in a behavioral-variant FTD group of 28.
New developments in molecular imaging using either PET
ligands such as ligands for beta-amyloid35 will allow direct in
vivo assessment of histochemical and molecular abnormalities
and will allow to study correlations between different regional
distributions of pathology and the type of histochemical change.
At the lowest level of etiopathogenetic description, some of
the genetic and molecular changes associated with certain histochemical abnormalities are illustrated. In the study by Snowden
* 2010 Lippincott Williams & Wilkins

et al,26 for example, 10 of 39 patients with the behavioral variant
of FTD exhibited tau gene mutations and abnormalities in the
tau protein. These tau abnormalities may also occur with normal
genes because of changes of the translated protein and cause taupositive histochemical changes in a subset of FTD cases and in
AD.36 Ubiquitin-positive, tau-negative cases have been linked
with abnormalities in the TAR DNA-binding protein 43, and a
subset of those cases show mutations in the progranulin gene.18
The aim of translational molecular neuroscience according to
this scheme is to identify the molecular pathogenesis and link
molecular changes to the regional distribution of neuropathology;
this can be achieved by molecular neuroimaging. Translational
cognitive neuroscience would then aim to link regional distribution of neuropathologic changes with cognitive-anatomical
syndromes, clinical diagnoses, and ultimately the clinical syndrome and symptoms. Nonmolecular advanced quantitative
neuroimaging techniques together with neuropsychological tests
speciﬁcally allowing to dissociate cognitive components with
anatomical speciﬁcity are necessary to achieve this translation.

Role of Neuroimaging in Modeling the
Pathogenesis of Disorders Without Gross
Macroanatomical Abnormalities
The previous section has described the use of structural and
metabolic resting state imaging to identify cognitive-anatomical
components underlying neuropsychiatric symptoms associated
with marked and consistent macroanatomical abnormalities.
Although functional activation imaging such as fMRI can be
used in patients with brain lesions, it should be reserved for
studying the neuroanatomy of retained or recovered functions
rather than impaired abilities.37 This is because imaging during a
task that a patient cannot perform does not tell us whether
www.topicsinmri.com
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abnormal activation is due to inability to do the task or dysfunction of particular brain regions.38
Many neuropsychiatric disorders, such as MDD, are
not associated with consistent and marked macroanatomical
abnormalities such that on visual inspection structural MRIs
appear within the expected normal variability. Functional MRI
methods are therefore of particular interest for the study of such
disorders. Resting state metabolism or perfusion can be
informative, but ﬁndings are often inconsistent. One reason for
inconsistencies may be the heterogeneity of diagnostic groups.
For example, MDD patients with a family history of MDD may
show more consistent abnormalities in the subgenual cingulate
region than mixed groups of nonfamilial and familial MDD.39
But there are core symptoms of MDD occurring in all subtypes,
and the ﬁrst step in building cognitive-anatomical models of
psychiatric disorders is to choose a suitable symptom complex
(ie, clinical syndrome) within the broader range of symptoms
for modeling. Such an approach has been recently taken to
postulate a cognitive-anatomical model of obsessive-compulsive
disorder.40
As Karl Jaspers,9(p582) the founder of phenomenological
psychopathology at the beginning of the 20th century, noted on
the analyses of symptom complexes, there are different aspects
of the relation of symptoms within a symptom complex: (1)
frequency of symptom co-occurrence, (2) coherence of symptoms by being related to a common aspect or function, and (3)
primary symptoms caused by the etiopathogenetic process and
secondary symptoms emerging from these in an understandable
way.
The second aspect, that of symptom coherence, has been
emphasized by Carl Schneider (as reviewed by Karl Jaspers)
arguing about symptoms: BTheir connectedness must be due to a
normal complex of psychic function, which complex has been
affected by the illness.[ At the time of this theory, a lack of
knowledge about neurobiologically valid models of many higher
cognitive functions hampered the success of this approach. In
my view, it is worth trying to go this way again, now that we have
a more advanced knowledge of what cognitive functions behind
symptoms to look for. To do that, however, we need to start by
isolating symptom complexes that are likely to be associated
with a restricted set of cognitive-anatomical syndromes.
The core symptoms of major depression when assessed in a
large World Health Organization multicenter study using semistructured interviews and international consensus criteria across
different cultures and languages were sadness, joylessness,
anxiety and tension, lack of energy, loss of interests, experience of loss of the ability to concentrate, and ideas of insufﬁciency, inadequacy, and worthlessness.41 These core symptoms
were present for endogenous (now operationalized as the
Bmelancholic[ subtype in DSM-IV) and nonendogenous forms
of major depression, a distinction which is hotly debated.42
Although sad/low mood is one of the most sensitive symptoms,
it is questionable whether this is the primary symptom of MDD;
this is because sad mood occurs in normal life, and grief as well.
Depressive sadness, however, has a distinct quality in patients
with severe forms of acute MDD when compared with healthy
sadness due to loss, and sadness in depressive episodes is
present independently of evoking situations constantly. Persistent ideas/feelings of worthlessness, as distinct from low selfesteem, do not occur outside depressive episodes and could
explain persistently low mood. Therefore, the experience of
worthlessness is a plausible candidate for a primary symptom
of MDD.
One cognitive model of MDD, the learned helplessness
model, explains vulnerability to major depressive episodes by
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internal, global, and stable attributions for failure.43 This means
that people with a vulnerability to MDD tend to overgeneralize
failure in one aspect or situation to their person as a whole across
all future situations and aspects and take full responsibility for
all failures instead of partly blaming them on external circumstances, which can explain feelings of worthlessness and hopelessness. Cognitive therapy, proven to be effective in randomized
controlled clinical trials, aims at changing the cognitive style of
people with MDD that is characterized by automatic overgeneral
negative attitudes toward oneself.44
Intuitive causal attributions of blame result in moral
feelings such as guilt, shame, or self-contempt (self-blame)
and indignation/anger or contempt/disgust toward others (otherblame). Berrios et al45 have used a sensitive self-report scale to
demonstrate that guilt and shame are signiﬁcantly increased in
people with different forms of major depression. O’Connor
et al46 pointed to the link of increased interpersonal guilt and
altruistic concern in major depression and developed a novel
self-report questionnaire (Interpersonal Guilt Questionnaire46).
Inappropriate guilt, when strictly deﬁned, occurs only in a subset
of patients with acute MDD.41 Feelings of worthlessness,
however, could be another expression of self-blame when
applied to failure to achieve personal goals or live up to
important values that do not necessarily cause interpersonal
harm. This is true of some instances of shame or self-contempt
that do not require interpersonal harm or moral value violation
as is usually the ingredient of guilt-evoking stimuli.47,48
Recent studies point to the selective importance of the
subgenual cingulate cortex for self-blame when controlling for
other-blame and unpleasantness.48 Furthermore, the frontopolar
cortex has been shown to be more strongly activated for
prosocial moral feelings (embarrassment, compassion, guilt)
when compared with other-blaming feelings (indignation/anger
toward others).47 In addition, there is evidence that individuals
differ with respect to their degree of subgenual cingulate
activation in response to guilt-evoking imagined moral violations48 and that individuals with higher altruistic concern show
stronger activations while feeling guilty within this area.31
Other-blaming feelings such as indignation/anger or contemptdisgust toward others were associated with dorsal anterior
cingulate, lateral orbitofrontal, anterior insular, and dorsolateral
prefrontal activations.47,48 This potential functional subdivision
within the frontal cortex for self-blaming and other-blaming
feelings could explain the dissociations between self-blaming
and other-blaming negative feelings observed in MDD.
Interestingly, the subgenual cingulate cortex is one area
of reproducible abnormality in people with MDD. Resting
state functional imaging (FDG PET, SPECT) shows increased
metabolism/perfusion in this area when correcting for partial
volume effects due to reductions in gray matter persisting
through asymptomatic and symptomatic phases of the illness.39
Moreover, deep brain stimulation within the subgenual cingulate
cortex was shown to be effective in therapy-resistant depression
and leading to a normalization of FDG PET metabolism.49
Postmortem neuropathologic studies revealed reductions in glial
cells with intact neurons explaining the subgenual cingulate
gray-matter reduction.39
Although it would be tempting to postulate a cognitiveanatomical model of MDD based on the above data in which one
would explain increased tendencies for self-blame by dysfunction within the subgenual cingulate cortex, there is additional
evidence that needs to be integrated. First, gray-matter
reductions within the subgenual cingulate cortex are not speciﬁc
for MDD, but can be found in patients with bipolar disorder
as well39; this means that the abnormalities within this region
* 2010 Lippincott Williams & Wilkins
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could explain vulnerability for inappropriate self-blame in the
depressive phases occurring in both disorders, but the emergence of depressive phases can clearly not solely be explained
on the basis of abnormality in a single brain region. Second,
abnormalities in several other frontal, anterior temporal, and
subcortical regions emerge from a meta-analysis of resting state
FDG PET, SPECT, or fMRI using positive and negative emotional stimuli in MDD.50
One promising approach to understand the multitude of
brain regions showing subtle metabolic/perfusion abnormalities
in MDD has been the model of disrupted interaction between
brain regions in a frontolimbic network.51 Using structural
equation modeling, Seminowicz et al51 were able to conﬁrm
the importance of effective connectivity within a network of
regions of interest on FDG PET. This network included the
right hippocampus, right anterior thalamus, medial orbitofrontal
(BA11), ventral medial frontopolar cortex (BA10), left dorsolateral prefrontal cortex (BA9), pregenual anterior cingulate cortex
(BA24), and posterior subgenual cingulate cortex (BA25). Disruption of functional integration within a network of areas
connected with the subgenual cingulate cortex has also been
demonstrated using resting-state blood oxygen levelYdependent
imaging.52
A suitable cognitive-anatomical model of MDD will
therefore need to account for the involvement of above network
of brain regions (and potentially others as well) in phases of
MDD and how vulnerability for MDD leads to phases of
depression disrupting this network. The model needs to explain
how inappropriate overgeneralizations of self-blame, but not
blame of others, can occur in the depressive phase. The model
further needs to explain which part of the brain network is linked
to this symptom and whether overgeneralized self-blame can
indeed serve as a primary cause of other symptoms of
depression, or whether, for example, somatic symptoms such
as loss of vitality, early awakening, and appetite loss need to be
explained by a separate mechanism. Furthermore, the inﬂuence
of learning, such as through early childhood experiences, and
the inﬂuence of neurochemical mechanisms, such as the known
abnormalities within, for example, the serotonergic system,53
need to be integrated to explain disruption of functional
integration within the network.
In contrast with translational cognitive neuroscience models
of dementia, the molecular and genetic level of description may
not be easily related with postmortem neuropathologic changes.
Instead, molecular neuroimaging using PET ligands,17 pharmacoMRI,54 and genetic investigations14 are more promising as tools
to link the cognitive-anatomical syndrome level with molecular
pathogenetic factors.
Despite the exciting advances in neurochemical and genetic
methods, translational applications of these techniques cannot
avoid the challenge of formulating and testing comprehensive
cognitive-anatomical models that are able to account for primary
symptoms of MDD. Current cognitive-anatomical models of
increased negative emotions due to lack of prefrontal suppression of limbic emotion55 cannot account for the clinical observation that people with acute MDD feel badly about themselves,
but do not typically show an overall increase in negative feelings
toward others (ie, anger toward others).

Summary and Future Perspectives
Here, a multilevel approach to translational neuroscience,
referred to as translational cognitive neuroscience, has been
described that stresses the importance of cognitive-anatomical
syndromes as an intermediate level of etiopathogenetic inference in the understanding of neuropsychiatric disorders. This
* 2010 Lippincott Williams & Wilkins
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approach builds on previous frameworks on how to integrate
cognitive neuroscience methods into clinical and translational
neuropsychiatry.3,14 The introduction of two main claims that
are in contrast with previous approaches aimed at stimulating a
nosologically driven debate about suitable frameworks for
translational neuroscience.
The ﬁrst claim is that rather than seeking a purely cognitive
description of impaired and intact functions, we should use
advanced neuroimaging to derive cognitive components that
are associated with functionally specialized brain regions and
successively replace cognitive models with elusive anatomical
speciﬁcity. The prediction is that these functionally specialized
brain regions will not be speciﬁc to any given task, but integration of information across networks of regions with different
specializations is required for any given task that can account
for partial redundancy for a given task within the network.37
Therefore, to decompose functional specializations within a
network, the suggestion is to go beyond describing the input
and output of a brain region and to identify the type of
representation in a given area (for a review of representational
versus processing models of, for example, the prefrontal cortex,
see Wood and Grafman56).
The second main claim is that translational neuroscience
should not aim at reducing the number of levels of etiopathogenetic inference and should allow for one-to-many or many-toone relationships between categories within adjacent levels. By
nature of the etiopathogenetic process, it will be more likely to
ﬁnd high associations between one category at one level with
another category at an adjacent level (molecular and histopathologic) rather than ﬁnding associations between lowest and
highest levels of description (eg, molecular and symptom).
According to the proposed approach here, this problem cannot,
however, be solved by eliminating the syndrome and diagnosis
level of description and by focusing only on neuroanatomical
and molecular categorization, because clinical symptoms or
syndromes will not map onto neurobiological changes in a
predictable one-to-one way. I have further argued that the
phenomenological symptom level of understanding neuropsychiatric disorders is irreplaceable, because only symptoms and
the partly subjective or culturally shaped thresholds entailed in
symptoms can indicate the pathological value (ie, degree of
suffering caused) of a neuroanatomical or cognitive abnormality.
To fully understand the relationship between symptoms and
cognitive or anatomical abnormalities, one needs to study a
control population that has not been selected on the basis of
the presence of symptoms, but was selected on the basis of the
cognitive or anatomical abnormality instead, a methodological limitation of most clinical studies. Neuroanatomical and
cognitive abnormalities can occur in populations free of
symptoms and may point to important individual variations in
the cognitive-anatomical architecture of a given system or to
important personal psychoreactive or sociocultural variations in
the learning history of people that are likely to have a large
inﬂuence on the cognitive-anatomical architecture. Teuber57
reviews one of the largest studies avoiding selection bias by
symptoms and using only lesion criteria for patient selection,
carried out by Feuchtwanger in 1923, who conducted a systematic prospective assessment of 200 frontal and 200 nonfrontal gunshot wounds during World War I. Interestingly, he
found 13 of 200 frontal lesion cases with no symptoms at all.
Modern neuroimaging would have been able to give us a more
accurate measure of the size and location of lesions in these 13
patients, but even when using in vivo neuroimaging, the
variability of symptoms in response to the same type and size
of lesion is remarkable and puzzling.58 These observations of
www.topicsinmri.com

Copyright © 2009 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

287

Top Magn Reson Imaging

Zahn

variability in the associations of symptoms, cognitive impairments, and neuroanatomical changes point to the irreducibility
of multilevel approaches in translational neuroscience.
An exciting future of translational cognitive and molecular
neuroscience research lies ahead of us, in which we will be able
to combine detailed phenomenological assessments of symptoms with experimental neuropsychological paradigms, highresolution multimodal neuroimaging, and molecular and genetic
methods to unravel the complex mechanisms that cause
neuropsychiatric disorders. This will allow translational neuroscience to ﬁnd new mechanisms for pharmacological, cognitive,
and behavioral treatment and new ways of early diagnosis and
prevention to improve the lives of patients and carers.
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