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General Introduction
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Background
Acquired brain injury (ABI) is a broad term to indicate brain injury with different
aetiology, after birth, not including degenerative disorders such as Alzheimer’s,
Parkinson’s or Huntington’s disease. ABI includes both traumatic brain injury (TBI) as and
non-traumatic events. TBI is damage to the brain resulting from an external mechanical
force, such as rapid acceleration, impact, blast waves, or penetration by a projectile [1].
Non-traumatic brain injury is caused by an neurological disease such as stroke, ruptured
aneurysm, brain tumour, encephalitis, or (other) postsurgical complications resulting in
anoxia of hypoxia. In terms of outcome cognitive, emotional and behavioural problems
are common after ABI and can persist for [2, 3] many years.
Epidemiological data from the Centers of Disease Control and Prevention
(CDC, 2017) indicates that in Europe ABI accounts for one million hospital admissions
per year and is the leading cause of death and disability worldwide (CDC, 2017). In
The Netherlands, between 34,000 and 41,000 adults suffer a stroke each year [4],
making stroke one of the most common causes of disability in adults [5]. Another major
cause of disability due to ABI is TBI. In the period 2010–2012, a mean of 34,681 people
visited Dutch emergency departments annually due to TBI [6]. The costs for treatment
immediately after TBI and the indirect costs associated with chronic disability, place an
enormous economic burden on society worth €314 million each year [6]. Taken together,
ABI is a major public health problem.
In terms of clinical outcome, patients with ABI, are at risk of (severe) cognitive
dysfunction [7], poor social emotional skills [8, 9], personality disorders [10, 11],
behavioural changes [12], and psychiatric disorders/symptoms [13]. These direct or
indirect consequences of ABI result in a lower quality of life [14]. This accentuates
the need for specific and reliable neuropsychological diagnostic tools to quantify the
underlying cognitive-emotional processes, in order to give appropriate counselling.
Moreover, cognitive dysfunction following ABI is are often related to changes
in behaviour [15–17]. Of note is that the relationship between cognitive dysfunctions
and changes in behaviour is most evident following injury of the frontal lobe [18]. The
frontal lobe, more specifically, the prefrontal cortex (PFC), in close cooperation with
subcortical areas such as the striatum [19], plays a known role in higher-order cognitive
functions, also paraphrased as ‘executive functions’. Executive functions include
planning, response initiation, response suppression, focused attention, set-shifting,
and problem solving [20, 21]. Frontal lobe injury may impair executive functions. The
resulting executive dysfunctions may be responsible for both cognitive and behavioural
changes [15, 16], also called ‘dysexecutive syndrome’ [22]. Specific executive deficits
in ‘frontal lobe’ patients can be assessed by a neuropsychological assessment. These
10
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complex higher cognitive functions are considered characteristic of human beings and
a challenge to localize [7].
When trying to locate the different behavioural components in relation to
executive functioning, the prefrontal cortex (PFC) can be subdivided into three regions.
Cummings (1994) formulated a complex of three frontal-subcortical circuits in relation
to behavioural components and executive functions, the dorsolateral prefrontal cortex
(DLPFC), orbitofrontal cortex (OFC), and the anterior cingulate cortex (ACC) [23].
Dysfunction within each circuit is associated with different behaviour and cognitive
deficits [24]. The DLPFC is mostly involved in planning, attention, working memory, socalled executive functions; the OFC is involved in emotional processing and regulation of
social behaviour; the ACC participates in motivation, drive and initiative [23]. The OFC is
highly vulnerable to injury and account for the high rate of challenging behaviour [25].
Damage to the OFC is associated with a wide range of behavioural changes, including
disinhibition, apathy, irritability, decreased initiation, emotional liability, distractibility,
irresponsibility [26]. The first well-described case of OFC patient is the case of Phineas
Gage who suffered severe OFC damage as a result of physical trauma. As a result,
the once social and placid Gage became impatient, unrestrained, and inconsiderate
[20]. He began exhibiting behaviour that was, if not immoral, certainly not social.
Besides personality changes, a wide range of the most common psychiatric disorders
can occur following brain damage such as depression, anxiety, aggression/agitation,
apathy, psychosis and disinhibition [27, 28]. The understanding of psychiatric symptoms
and behavioural problems following OFC lesions poses a major challenge [29–31]. The
association between Axis I and II psychiatric disorder and structural brain damage is not
always evident and cannot be easily classified as a psychiatric disorder (DSM-IV/ DSM-V)
[2, 28]. The only psychiatric disorders associated with OFC lesions are the disinhibited
type of organic personality syndrome [2, 28].

Neuroanatomy of the orbitofrontal cortex
The goal of this thesis is to get a better understanding of the cognitive functions
that underlie these behavioural changes following OFC damage in a clinical setting. This
may importantly contribute to better medical- non-medical treatment approaches.
Before we deliberate on the specific functions of the OFC we will first outline the
neuroanatomy of the OFC. The PFC has extensive reciprocal connections with nearly all
cortical and subcortical structures placing it in a unique position to orchestrate a wide
range of cognitive and affective functions [32, 33]. As mentioned before, the PFC can
be divided in different subdivisions: DLPC, ventrolateral prefrontal cortex (VLPC), OFC,
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ventromedial prefrontal cortex (VmPFC) and dorsomedial prefrontal cortex (dmPFC).
(Figure 1 [20]).
The OFC covers the ventral surface of the PFC, which includes portions of
Brodmann areas (BA) 10 (frontal pole), 11, 12, 47 in humans [34]. Although there are
some specific gyri and sulci in the OFC, in most of the clinical neuropsychological
literature the term ‘OFC refers to the combination of the medial and ventral region
of the prefrontal cortex, given the fact that the medial and ventral region are highly
interconnected and anatomically difficult to distinguish [7, 11, 20, 34]. Indeed, studies
reporting VmPFC damage almost always include patients with damage to the medial
aspects of the OFC, and studies reporting on medial OFC lesions often include patients
with damage to the overlying cortex along the medial wall. Although there are clearly
cytoarchitectural and connectional differences between medial wall and OFC regions
[35].
Figure 1. Prefrontal subdivisions

Subdivisions of the PFC are colour coded and labelled based on their approximate
anatomical locations in the human brain. Reprinted from Insights into human
behavior from lesions to the prefrontal cortex by Szczepanski, & Knight,
2014, Neuron, 83(5), 1002-1018. With permission copyright by PMC 2018

In some clinical cases broad labels such as posterior, anterior, medial and
lateral are made [36]. The VmPC is located along the inferior part of the medial wall
of the frontal lobe. The exact boundaries of this region are not always defined. The
medial surface of the PFC is generally divided into two sections; the dorsomedial section
includes portions of BA 8, 9, 10, 24 (ventral anterior cingulate), and 32 (dorsal anterior
cingulate); the ventromedial section includes portions of BA 10, 12, 14, 25, and ventral
portions of 24 and 32. DLPC consisting of Brodmann areas (BA) 9 and 46. VLPC consisting
of BA 44, 45, and 47 of the human inferior frontal gyrus (IFG) [37] (Figure 2, [38]).
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The OFC has extensive network connections with other parts of the brain,
including limbic structures, thalamus, hippocampus and amygdala and associative
cortices [39]. Despite the progress on identifying functional different parts of the OFC,
it remains very complicated to identify specific OFC lesions in clinical practice [34, 37].
It has been suggested that there are a number cognitive functions, mainly experimental,
that seems to be related to the OFC [12]. Up to now it is unclear to what extent these
specific cognitive functions are related to behavioural changes following OFC lesions.
This poses a significant clinical challenge for neuropsychologists to attempt to define
the OFC in terms of a conceptual neuropsychological-behaviour-framework.

Neuropsychology of the OFC
In the last decade, neuropsychological research focused on the question to
what extent changes in behaviour, following lesions in the OFC are related to cognitive
dysfunctions [7]. The general view in clinical neuropsychology is that changes in
behaviour, especially following frontal lobe lesion, are strongly related to deficits in
executive functions. Damage to the OFC is associated with a wide range of behavioural
changes, including disinhibition, apathy, irritability, decreased initiation, emotional
liability, distractibility, irresponsibility that is not associated with classical executive
functions [26]. However, despite the above described changes in behaviour, most
patients with OFC lesions appear to be cognitively intact, at least when assessed by
means of standard neuropsychological tasks appealing to executive functions [8, 10,
12, 20, 30, 40–42]. This raises questions within the conventional neuropsychologicalbehaviour-framework: which cognitive functions of the OFC do underlie these
behavioural changes?
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Figure 2. Regions associated with normal and atypical social behaviour

Regions Associated with Normal and Atypical Social Behaviour (A) Medial and lateral view
of the PFC.(B) View of the ventral surface of the PFC and temporal poles. (C) Coronal slice
illustrating the amygdalar and insular cortex. mACC, anterior cingulate cortex; DLPFC,
dorsolateral PFC; MFd, medial PFC; OMFC, orbitomedial PFC; TP, temporal pole; VLPFC,
ventrolateral PFC; VMPFC, ventromedial PFC. Reprinted from Law, Responsibility, and the Brain
by Mobbs, Lau, Jones & Frith, 2007, PLoS Biol 5(4). Copyright with permission by PMC 2014

One explanation might be that many executive functions tests lack reallife or ecological validity, e.g. a low to moderate relationship was found in a study
investigating the ecological validity of 10 common executive measures [43]. During the
traditional administration of neuropsychological tests the examiner provides structure,
organization, guidance, planning and monitoring necessary for optimal performance
[44], which therefore fail to induce executive behavioural deficits in daily live. Ecological
validity has become an increasingly important focus for the executive functions, the
shift of cognitive, emotional capacities with the real-world demand situations [44].
On the other hand, it also suggests there might be a set of cognitive functions
that is not measured by standardized neuropsychological tests. Zald & Andreotti suggest
that there are at least three cognitive functions, that seem to be related to OFC damage
[12]; 1) the reversal learning task [45] that measures the ability to utilize cues in the
environment to predict future rewarding or aversive events [46]; (2) the Iowa Gambling
Task (IGT) that measures the ability to regulate behavioural responses in the context
of changing reinforcement contingencies, based on rewards and punishment [47]; (3)
the ‘Faux pas test’, [48] it requires the capacity to judge inappropriate behaviour in
social situations. Recognizing a faux pas requires empathic understanding, elements
of mentalizing and an understanding that there might be a difference between the
appreciation of the emotional impact of a statement of the character who commits
14
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the faux pas and that of the listener [49]. Up to now it is unclear to what extent these
recommended cognitive functions are related to behavioural changes following OFC
lesions.
Clinical studies using the reversal learning test as well as IGT do not show
unambiguous results, that is that patients with DLPC lesions, compared with OFC lesions,
do show the same deficits (but not all) [46]. For instance, Rolls et al (1994) compared
patients with VmPFC (n = 12) damage with non VmPFC damaged patients (n = 7) and
found a severe impairment on the reversal learning test in the VmPFC damaged group
[45]. This deficit was associated with severe behavioural changes. Mitchell et al (2006)
found no reversal learning deficits in a case study, involving bilateral OFC lesions with
severe sexual offensive behaviour [31]. No unequivocal results are found in the clinical
neuropsychological literature for the IGT either. Funayama et al (2010) describe a case
study with an extreme low score on the IGT with severe behavioural changes following
a bilateral OFC lesion [50], were a normal IGT score was found by Namiki et al (2008)
in a case study following bilateral OFC lesions with marked disinhibited behaviour [10].
In all these studies, the OFC was described in a fairly crude way (e.g. CT, MRI), which
makes it difficult to say anything about the specificity of these tests.
Of particular clinical interests is the test for Theory of Mind (ToM); the ‘faux pas
test’ [51]. Neuroimaging and clinical studies indicate a strong but consistent association
between empathy and emotional perspective taking responses of the OFC [45, 52–54].
Besides, patients with an OFC lesion show more deficits on the faux pas compared to
patients with DLPFC lesions [48, 55]. The only other brain structure associated with
deficits in faux pas is the amygdala [56]. These deficits on the faux pas are likely due to
a disruption of the functional connectivity between the amygdala and OFC, as part of a
emotional empathy cerebral network, which allows us to ‘feel’ the emotions of others
[52, 57]. Despite the fact that neuroscience indicates that there are cognitive functions
associated with OFC, none of the above clinical tests has good psychometric properties
to quantify the cognitive functions of the OFC [45, 46, 58, 59].
In summary, modern neuropsychology is still not able to explain why in some
cases the traditional executive functions are intact following PFC lesions. Evidence
suggests that damage to certain areas of the prefrontal lobe, especially the OFC, do
not cause deficits on traditional executive functions. That OFC lesions do not affect
executive functions can be related to the observations that patients with OFC lesions
show merely deficits in socially emotional processes, e.g. social cognition. Of the
available tests the Faux pas seems to have some validity with regard to empathy.
However, to date, the extent and nature of the behavioural problems with a deviating
Faux pas score has not yet been sufficiently investigated.
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Aims and outline of this thesis
The main aim of this thesis is two folded; first to gain more insight into if and
how executive functions are related to behavioural changes in a group of frontal lobe
/ OFC damaged patients. The second aim is to investigate whether disorders in the
affective processing are related to behavioural changes in OFC lesions in a chronic
outpatient group. Chapter 2 is a review of clinical OFC damaged cases found in literature,
all measured with traditional neurocognitive measures and one or more measures that
are sensitive to the OFC functioning. It describes the relationship between these OFC
functions and specific behavioural changes. Chapter 3 is an explorative study, using
graph analysis (i.e. networks), on different tests of executive functioning and behavioural
measures within three groups (frontal lesions - no brain damage and controls) to
gain insight into the mutual relationships between classical cognitive functions and
location of lesion. In Chapter 4 the use of a Virtual reality test (The Jansari assessment
of Executive Functions JEF©), an ecological valid test is evaluated on a small group of
PFC patients in order to determine whether this type of assessment can capture the
complex functions of the OFC. Chapter 5 specifically compared structural dorsomedial
prefrontal cortex (dmPFC) and OFC lesions on measures of behavioural self-awareness
and ToM. Both structures are explicitly involved in the complex process of mentalizing
in relationship to behavioural awareness. Chapter 6 focuses on the neuropsychiatric
outcome, both social cognitive and behavioural measures, of three patients with chronic
right amygdalohippocampectomy. It has been suggested that damage to the amygdalaOFC connection is associated with deficits in emotional processing and aberrant
behaviour. To conclude this thesis, a general discussion is presented in Chapter 7. This
chapter attempts to integrate findings of the studies presented in this thesis towards a
clearer picture of the cognitive outcome of the patient’s with OFC lesions, and a better
understanding of the clinical implications.
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Abstract
The orbitofrontal cortex (OFC) plays a crucial role in behaviour and is a common site
for damage due to different types of injuries, e.g., closed head injuries, cerebrovascular
accidents, tumours, neurosurgical interventions. Despite the (severe) behavioural
changes following OFC lesions, persons with damage to the OFC appear to be cognitively
intact, i.e., at least when assessed by means of standard neuropsychological tests.
Meanwhile, neuropsychological tests addressing reversal learning, gambling, and social
cognition show a decline in these patients. The goal of the present review is to link the
performance of these latter neuropsychological tests to behaviour. The results suggest
that in patients with orbitofrontal lesions, reversal learning is more associated with
behavioural disinhibition and that impairment in recognition of expressed emotion is
more associated with social inappropriate behaviour. The faux pas test (theory of mind)
appears not to be sensitive to orbitofrontal lesions. Future studies should involve a
larger numbers of patients with well-defined locations in the OFC and should integrate
specific neuropsychological tests and quantitative behavioural measures to better
understand the contribution of the OFC to cognition and behaviour.
Keywords: orbitofrontal cortex damage, reversal learning, gambling task, ToM,
behavioural disorders
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Introduction
The orbitofrontal cortex (OFC) is a key structure for appropriate social
behavioural [1, 2]. Behavioural changes caused by OFC damage generally have been
listed into the following categories: forced collectionism (hoarding) [3–5], disinhibited
behaviour [6, 7], pathologic gambling [8], obsessive compulsive behaviour [9],
behavioural characteristics of autism, psychopathy [10, 11] and impulsiveness [12].
The common factor in behavioural changes in the different studies is the inability to
control or correct behaviour on given feedback.
In the last decade, neuropsychological research focused on the question to
what extent changes in behaviour, following lesions in the OFC are related to cognitive
dysfunctions [13]. The general view in clinical neuropsychology is that changes in
behaviour, especially following frontal lobe lesion, are strongly related to deficits in
executive functions. However, despite the above described changes in behaviour,
most patients appear to be cognitively intact, at least when assessed by means of
standard neuropsychological tasks appealing to executive functions [7, 10, 14, 15].
In their elaborate review, Zald & Andreotti [16] suggest that there are at least three
cognitive functions, that seem to be related to OFC damage; they also recommend
tests that assess specific cognitive function; (1) Learning and adapting to changing
reinforcement contingencies. The test they recommend is the reversal learning task [17]
that measures the ability to utilize cues in the environment to predict future rewarding
or aversive events [12]; (2) Decision-making tasks. They recommend the Iowa Gambling
Task (IGT) that measures the ability to regulate behavioural responses in the context of
changing reinforcement contingencies, based on rewards and punishment [1]; (3) Social
processing and theory of mind. Theory of Mind (ToM), the ability to attribute mental
states and intentions to oneself and others, as well as the recognition of expressed
emotion are the two core components of social processing and essential for human
non-verbal communication [30]. The most used tests for Theory of Mind (ToM) is
the ‘faux pas test’ [18], it requires the capacity to judge inappropriate behaviour in
social situations. Recognizing a faux pas requires empathic understanding, elements
of mentalizing and an understanding that there might be a difference between the
appreciation of the emotional impact of a statement of the character who commits the
faux pas and that of the listener [19]. The tests for recognition of expressed emotion
assess an individual’s ability to recognize social emotions based on pictures of face with
emotional expressions. Both the faux-pas test and recognition of expressed emotions
test measure two different aspects of social processing.
Up to now it is unclear to what extent these recommended cognitive functions
are related to behavioural changes following orbitofrontal lesions. The goal of this review
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is to address studies that investigated the performance on the neuropsychological
tests as suggested by Zald, in relationship to changes in daily behaviour following
orbitofrontal cortex damage.

Method
The search focused on PUBMED and PSYINFO from 1980 through 2013,
combining the keywords, ‘orbitofrontal cortex’, ‘ventromedial prefrontal cortex’ with
the terms ‘brain injury’, ‘lesions’, ‘cognitive dysfunctions’, ‘executive functions’ and
‘reversal learning’, ‘IOWA gambling task’, ‘social cognition’ , ‘behavioural changes’.
Studies were included if they contained clinical and laboratory cognitive test data,
related to OFC damage, to behavioural changes in daily life and to cognitive functions.
Studies describing neurodegenerative diseases (e.g. frontotemporal dementia,
Parkinson’s disease, Huntington’s disease) were excluded. We use the term ‘orbitofrontal
cortex’ to refer to the combination of the medial and ventral part of the orbitofrontal
cortex, given the fact that these regions are highly interconnected and anatomically
difficult to distinguish [20]. Fifteen studies with well-defined lesions in the OFC were
found in which both the traditional as well as one or more tasks as suggested by Zald are
described in relationship with behavioural outcome measures. To describe the changes
in behaviour, the clinical descriptions and/or diagnostic categories used in the different
studies, will be presented. Some studies using more than one test sensitive to the OFC
will occur more than once in the following headings.

Results
Reversal learning task
Three out of the 5 studies [12, 17, 21] found a positive relationship between
deficits on the reversal learning task and an increase of impulsivity. In one study,
comparing patients with ventromedial prefrontal cortex (VmPFC) (n = 12) damage with
non VmPFC damaged patients (n = 7), a severe impairment on the reversal learning test
was found in the VmPFC damaged group [17]. Location of lesions, mostly head injury or
stroke, was determined with MRI and CT scans. Of interest is that these deficits occurred
in combination with normal scores on a number of standard neuropsychological tests
(i.e. paired associate learning, verbal IQ (from the WAIS-R), Tower of London task, tests
that appeal to planning and memory for planned actions [17]. A staff questionnaire was
administered to capture the behavioural characteristics, e.g. including disinhibition
or social inappropriateness; violence; verbal abusiveness; uncooperativeness, on a
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5-point likert scale. The performance on the behavioural questionnaire and the reversal
tests was highly correlated, especially for disinhibited behaviour (Spearman ρ = 0.76,
p = 0.002) [17]. The authors conclude that behavioural disinhibition might be due to
reward and punishment insensitivity.
In practically identical studies [12, 21] the aim was to study impulsiveness
in patients (n=23) with OFC damage (bilaterally or unilaterally) in relationship to
performance on a reversal learning task. On an informant behavioural questionnaire
[17] there was a significant higher total score, indicating more behavioural problems,
for the OFC group compared to non-OFC patients and controls (P< 0.005). Interestingly,
increased self-report impulsivity of patients with OFC lesions was correlated to reward
and punishment deficits reflected by the reversal task; daily behavioural impulsivity
and reversal learning performance were negatively correlated (r = –0.42, P <0.01).
Remarkably, patients with OFC lesion had a significantly fasters sense of time, they
subjectively overestimated time, compared to healthy controls (p = 0.002).
No reversal learning deficits were found in a case study describing a 56 year old
patient with bilateral frontal lobe damage, involving the OFC, left temporal lobe, the left
amygdala, following trauma. On a behavioural level the patient met the DSM-IV (1994)
criteria of a antisocial personality disorder. His behaviour existed of aggression, reckless
regarding safety of others, reduced ‘empathy’ and disrupted social interactions. He
met the criteria for antisocial Personality Disorder (DSM-IV, 1994). His cognitive profile
was inconclusive, he had a normal IQ, and his scores on some traditional executive
tests (STROOP, Trailmaking) were normal. However, on the Wisconsin Card Sorting
Test (WCST) he made several perseverative errors, due to a low frustration tolerance
the test could not be fully completed. No deficits were found on two reversal learning
tasks (i.e. the Four- Pack and the One-Pack Card-Playing tasks), which both measure to
reverse a learnt response [10].
There were also no reversal learning deficits were found in a case study of
a 51 year old patient who suffered a penetrating head injury at the age of 14 in a
cycling accident [22]. A CT scan showed bilateral orbitofrontal lesions. Patient served
at least 15 years in prison and showed aggressive, sexual offensive behaviour. He met
the criteria of a psychopathy on the Psychopathy Check List (PCL-R). To address the
behavioural aspects, they found that the patient had a severe elevated score on the
unemotional characteristics, indicating antisocial behaviour and lifestyle [22]. The
patient had an above average IQ and scored within the normal range on standard
neuropsychological tests, including executive (WCST). Despite the fact the he showed
no reversal learning deficits he was unable to reverse behavioural responses in daily
live, the author conclude that aggressive behaviour is the consequence of an impaired
‘social response reversal system’, a multi-neurocognitive system which is involved in
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the processing of cognitive and social signals [10, 22]. In summary, the Reversal Learning
Task was found to be related to behavioural disinhibition in three studies and not with
antisocial behaviour. Of note, these deficits occurred independently of the performance
on a number of standard neuropsychological tests, including executive functions.
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23 OFC damaged
patients bilateral
and unilaterally
12 patients with
ventral frontal
lesion

PCL-R: Psychopathy Checklist

Rolls et al.,
1994

Berlin et al.,
2004

Berlin et al.,
2005

Mitchell et
al., 2006

Impairment on reversal
learning test

Impairment on reversal
test

Is impulsiveness related to
performance on a reversal
task?
What is the relationship
between a stimulusreinforcement test in
relation to social and
behavioural problems?

Patient with right No impairment on reversal Which dysfunctional
OFC region
learning test.
cognitive systems underpin
his profound emotional
and social behavioural
impairment?
Bilateral OFC
No impairment on reversal What are the cognitive
damage patient learning test.
and emotional differences
between acquired
and developmental
psychopathy?
23 OFC damaged Impairment on reversal
Is borderline personality
patients, bilateral test
disorder (impulsivity),
and unilaterally
related with orbitofrontal
cortex dysfunction?

Research question

Blair et al.,
2000

Neuropsychological task

OFC Lesions

Author

Table 1. Reversal learning task

Frontal behaviour
questionnaire; disinhibition,
impulsiveness, social
inappropriateness;

The frontal behaviour
questionnaire; disinhibition,
social inappropriateness,
perseveration, and
cooperativeness.
Self-report Impulsivity, frontal
behaviour questionnaire.

Aggressive narcissism.
(PCL-R);

A relationship between
reversal test and
disinhibition..
A relationship between
reversal learning scores
and disinhibition.

A relationship between
reversal learning and
disinhibition

No relationship
between reversal
learning score and
aggressive behaviour

Relationship cognition
- behaviour
Antisocial personality disorder. No relationship
(DSM-IV)
between the reversal
learning task and
antisocial behaviour.

Behavioural measures
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The IOWA Gambling task
Three out of 4 studies [6, 22, 23] describe a relationship between the negative
score on the IGT and behavioural changes. In one case study [23], a patient with a bilateral
orbitofrontal damage scored extreme low on the IGT. The behaviour was classified as a
‘squalor syndrome’, a disorder characterized by extreme domestic and self-neglect [23].
Moreover, the patient compulsively collected unnecessary items, she acknowledged
that she had a problem but was unable to alter her behaviour correspondingly. The
authors conclude that this type of behaviour is not due to neurocognitive disorders, as
the patient showed no deficits on standard neuropsychological tests. Hoarding is seen as
a separate disorder from obsessive compulsive disorder, given the fact that she showed
not fear of losing things or displayed any compulsions or stereotypic behaviour [23]. The
orbitofrontal lesion is consistent with the behavioural characteristics of hoarding, the
extreme low score on the IGT showed that the patient had deficits in decision-making
and was insensitive for future consequences.
The second study [22] compared a bilateral orbitofrontal damaged patient,
an ‘acquired sociopath’ [24], with developmental psychopaths, forensic controls (nonpsychopathic control residents), and a community control group. The patient met the
threshold on the PCL-R for psychopathy, especially on the affective and interpersonal
subscales. The findings show that the orbitofrontally damaged patient had a significant
impaired score on the IGT compared to the other groups. Notably, the developmental
psychopaths also made more errors than the forensic controls. The authors [22]
conclude that the impaired decision making capacity (IGT) might have been contributed
to the inflexibility to adapt behaviour, with the remark that the gambling task might also
be an index for reversal learning. Of note, the patient showed an above average score
on standard neuropsychological tests, including executive functioning.
A 75-year-old patient is presented in a case study with a right orbitofrontal
lesion who had undergone behavioural changes during the last years, he became more
sexual active, he felt the urge to sexually approach young women. Of interest the lesion
occurred 42 years ago. Despite the small positive score on the IGT [6], indicating decision
making capacity, he was unable to adapt an effective strategy on the IGT. The clinical
characteristics met the criteria for DSM-IV-TR diagnoses ‘impulse control disorder’.
On standard neuropsychological tests he showed an preserved cognitive functioning
(memory, language, attention, abstract reasoning, visuospatial skills, constructional
praxis), including executive test. Of interest is that he showed pathological score on the
Cognitive Estimation Task [6]. The authors conclude that right OFC is associated with
impulse control, given the fact that the patient was not able to change his strategy on
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negative feedback reflected by the small score on IGT, he was unable to adapt towards
less risky behaviour.
A normal score on the IGT was found in a 54 year old male patient with
remarkably personality changes and with marked disinhibited behaviour (e.g. random
purchases) and social problems (e.g. aggressive and indifferent) after a traumatic
bilateral orbitofrontal lesion [7]. The patient showed no impairments on the Wechsler
Adult Intelligence Scale-Revised (WAIS-R, IQ; 115), the Wisconsin Card Sorting Test
(WCST), and the Behavioural Assessment of Dysexecutive Syndrome (BADS). On
the Frontal Systems Behavior Scale (FrSBe) [25], a 46-item behaviour rating scale
designed to provide a total frontal disturbance score on three subscale scores apathy,
disinhibition, and executive function, there was a significant difference in de observer
rating (117) versus patients (59) score on disinhibition. Higher scores (T-score > 65)
indicating impaired behaviour. The authors conclude that the behavioural changes in
absence of impaired scores on neuropsychological tests, including standard executive
functions tests and IGT, are due the complex framework of decisions making of the
frontal lobe and the small lesion in the OFC.
In summary, three studies found a relationship between a negative score on
the IGT, indicating impairment in decision-making, and behavioural characteristics
of impulse control problems. Overall, an above average score on standard
neuropsychological tests, including executive functioning was found in all studies.
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Impairment on IGT.

Explore the cognitive
mechanisms that explain his
behavioural problems.
Neuropsychological describe a Squalor Syndrome;
patient with squalor syndrome extreme selfneglect and
after OFC damage.
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Collecting
behaviour, shopping
for unnecessary
thing.
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Aggressive
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(PCL-R)
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Neuropsychological describe a Out of control
patient with pathologic hyper Sexual Behaviour
sexuality.

No impairment on IGT.

Behavioural
measures
Disinhibition
(FrSBe)

Research question

Neuropsychological task

PCL-R: Psychopathy Checklist. FrSBe: Frontal Systems Behavioral Scale.

Impairment on IGT

Bilateral OFC
Impairment on IGT.
damage patient

Poletti et al., 2010 Patient right
OFC

Mitchell et al.,
2006

Namiki et al., 2008 Patient with
bilateral OFC
damage
Funayama et al., Patient with
2010
lesion in
bilateral OFC

Author

Table 2. IOWA Gambling Task (IGT)

Impaired IGT might
contribute to the
inflexibility to adapt
behaviour.
Relationship IGT and
disinhibition.

A relationship between
scores on the IGT and
squalor behaviour
and obsessive impulse
shopping.

Relationship cognition
- behaviour
No relation between
IGT and disinhibition.
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Social processing and Theory of Mind
Two studies [10, 22] out of 4 found a significantly impairment on the Facial
Recognition Expression of happiness and anger in relationship with antisocial –
aggressive behaviour. The patient in the first study, already described in both the section
of reversal learning and IOWA gambling task, showed a significantly impairment in the
Facial Recognition Expression of happiness and anger [22]. No deficits were found in
attributing mental states of others (ToM), including Faux Pas and Reading the Mind
in the Eyes Task. The patient had an above average IQ and scored within the normal
range on standard neuropsychological tests, including executive (WCST). He did
significantly fail on the ‘The Social Situations Task’, a task to evoke an emotional reaction
on social misbehaviours. The task is said to be sensitive for adapting one’s behaviour
to disapproving social cues [10]. The authors concluded that aggressive behaviour is
a consequence of a dysfunctional ‘social response reversal system’, a system that is
insensitive for disapproving social cues [10].
In the other case study [10] (see section reversal learning), a 56 year old patient
with bilateral frontal lobe damage, involving the OFC, they also found significantly
impairment on the Facial Recognition Expression of happiness and anger. These deficits
could not be attributed to a general face processing impairment or auditory deficits.
No deficits were found in attributing mental states of others (ToM), including the Faux
pas. Of interest is that the patient failed to attribute fear, anger and embarrassment
to others on an emotional attribution test. A test where the patient had to appraise
the emotional state of the persons based on short stories. In addition he was not
able to discriminate between social behaviours that would lead to social discomfort or
violence. It was concluded that failure in recognition of specific emotional expression,
strongly overestimate the consequences of risks in social situations, including deficits in
attributing emotions to others is associated with a decline in social behaviour. Antisocial
behaviour is due to impaired ‘social response reversal system’, more specifically,
the authors conclude that dysfunction of the ‘social response reversal system’ is a
consequence of a insensitivity for disapproving social cues [10].
Using four types of ToM tasks [11], including first and second order false belief,
and advanced ToM tasks, including the Faux-pas test, two patients with characteristics of
autism, with both right and left OFC damage, were examined. Both patients reported a
decline in spontaneous communicating with others, having social problems in everyday
life [11]. Both patients scored within the normal rang on standard neuropsychological
test, including executive tests. The authors only found mild difficulties on the more
advanced ToM task in one patient with a left ventromedial lesion. In this specific case
the somewhat lower, but normal scores, on the delayed recall on the WMS-R could
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account for the low score on the advanced ToM task. The patient had some difficulty
in remembering exact story contents. On the Autism Questionnaire (AQ) both cases
showed a major problem on the subscale ‘social interaction’. The authors conclude that
the observed mild ToM impairments alone do not explain all social interaction deficits.
Notably, both patients recognized a faux pas in the stories containing no faux pas. This
could not be explained due to perseveration-errors on the WCST. They suggest that
overcompensation, to compensate for a deficit one amplifies the opposite behaviour,
might explain the insensitivity for the recognition of a faux pas and therefore some of
the behavioural problems. They also cautiously conclude that the right ventral part of
the OFC has been associated with deficits on the ToM, the left ventral part of the OFC
might be related to social behavioural components [11].
In contrast, no clear relationship is found between impairment of recognition
of emotions in a case study with a traumatic bilateral OFC and marked disinhibited
behaviour (e.g. random purchases) (see section IGT task) [7]. The patient scores
significantly low on the Facial Expression Recognition Task, especially on emotions
recognizing happiness (p < .001), sadness (p < .001), and anger (p < .001). Despite the
normal score on the IGT the patient made disadvantageous decisions in daily live and
in occupational situations. Therefore, the authors conclude that a deficit in emotion
recognition alone (happiness and anger) does not account for this behaviour. His
disinhibitory behaviour is explained in terms of an impaired ‘social response reversal’
system.
In sum, not recognizing specific emotions, especially happiness and anger,
is more associated to social deviant behaviour. ToM was not found to be related to
behavioural changes. Three studies explain deviant behaviour in terms of the ‘social
response reversal’ hypothesis. In all four studies the patients showed an overall good
performance on standard neuropsychological tests, including executive functions.
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disgust, sadness, happiness).
ToM no impairments; Social
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Explore the cognitive
Disinhibition
mechanisms that explain his (FrSBe)
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BFRT; lower score on happiness
and anger.

No relationship between
facial recognition and
disinhibition.

Aggressive narcissism. Deficient performance
(PCL-R)
on facial expression and
inappropriate social
behaviour recognition
contributes to reactive
aggression
Characteristics of
No clear relationship social
Autism.
cognitive measures and
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behaviour.

Behavioural measures Relationship cognition behaviour
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disorder.
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Mild impairment on Faux-Pas
test.

What are the cognitive
en emotional differences
between acquired
and developmental
psychopathy?

Research question

Neuropsychological task

BFRT: Benton Facial Recognition test. PCL-R: Psychopathy Checklist. FrSBe: Frontal Systems Behavioral Scale. AQ: Autism Questionnaire

Umeda et al., Two patients
2009
with medial
PFC, Left and
right VmPFC
damage
Namiki et al., Patient with
2008
bilateral OFC
damage

OFC Lesions

Author

Table 3. Social processing and Theory of Mind
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Discussion
The goal of the present review was to examine the relationship between the
cognitive deficits on the tests, suggested by Zald, e.g. reversal learning task, gambling
tasks and tasks on social processing and theory of mind, and behavioural changes
following orbitofrontal lesions. The recent findings suggest;
1) Deficits in reversal learning and recognition of expressed emotions are
related to behaviour changes following OFC damage. This is consistent with the view
of a separate (neuro) cognitive system underlying profound emotional and social
behavioural changes following orbitofrontal cortex lesions [10, 17, 22]. We found
that deficits in reversal learning might be associated with ‘behavioural disinhibition’
and deficits in recognition of emotions might be associated with ‘rigid or antisocial
behaviour’. In two studies we did not find any deficits on the reversal learning task
[10, 22]. From an anatomical point of view, a possible explanation for this discrepancy
could be the crude way (e.g. CT, MRI, SPECT) of describing the orbitofrontal lesion in
the studies reviewed here. Studies show that impairment on the reversal learning task
in both humans and animals is more associated with the medial part of the OFC [26–
28], whereas the lateral part of the OFC is more involved in recognizing inappropriate
social behaviour and emotional regulation [10]. In a recent study it was concluded
that Brodmann area 11, a major part of the OFC in human and animals [29, 30], is not
critical for reversal learning [30, 31]. In the case studies reviewed here, no sub-regions
or Brodmann areas were mentioned, whereas, in addition, the location of lesions (four
patients bilaterally, two right and one left orbitofrontal damage) show no distinctive
influence on both the reversal learning and ToM tasks.
From a functional point of view, It has been suggested that the OFC stores
an accumulated reward history, based on positive and negative reinforcement, which
estimates the outcome and value of an (social) action [27, 32]. The inability to change
behaviour after orbitofrontal damage might be a consequence of an inability to change
specific reinforcement patrons, based on the individual reward history [27, 33], reflected
by deficits on the reversal learning. Others propose the ‘social response reversal’
hypothesis, that states there is a system that modulates behaviour when faced with
disapproving social cues [10] i.e. negative emotions, and identifying and responding to
socially inappropriate behaviour [10, 34]. According to this hypothesis the inability to
recognize specific expressed emotions, particularly expressions depicting anger, might
disrupt stimulus- associated motor responses, under influence of the amygdala, which
may lead to rigid behaviour [7, 27]. Hence, in most cases the patients were well aware
that their behaviour was not appropriate but could not suppress their behaviour. This
asymmetry between ‘knowing how to behave and behaving in an inappropriate way’
36
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is also seen in studies on psychopathy with anti-social behaviour, and is closely related
to morality [35]. A large difference has been found between an individual’s ability to
be morally competent and morally performing, underlining that these processes are
indeed subserved by different brain regions [36];
2) No deficits were found on the different ToM-tests following orbitofrontal
damage. This is in contrast to neuroimaging studies which report a relationship between
lesions in the OFC and impairment on the ToM-test [37–39]. A possible explanation for
this discrepancy, as mentioned earlier, is the crude way of describing the orbitofrontal
lesion, as the prefrontal cortex can be divided in three different regions: a dorsolateral
region, a orbitofrontal region, and the anterior cingulate region [40]. The orbitofrontal
region can be subdivided into a medial, ventral and a lateral part [36]. In the studies
reviewed the term ‘OFC refers to the combination of the medial and ventral region
of the prefrontal cortex, given the fact that the medial and ventral region are highly
interconnected and anatomically difficult to distinguish [20]. Another explanation might
be that most ToM tasks, in the studies reviewed, are story based. One must detect
socially inappropriate behaviour, a task that appeals more to cognitive functions [10][10]
instead of affective aspects. It is suggested that a distinction should be made between
‘cognitive’ and ‘affective’ ToM, both differently organized in the brain [10, 41]. Damage
to the VmPFC reflects the more affective aspects of ToM [38, 42, 43].
3) Complex higher order cognitive functions in which the OFC plays a role, such
as learning and adapting to changing reinforcement contingencies, decision-making
and social processing and ToM does not coincide with standard neuropsychological
functions. Much of what is known about neuropsychology is based on patients with
dorsolateral prefrontal cortex dysfunctions, which is involved mainly in cognitive
functions, in particular executive functions [39, 44]. The results presented here suggests
that deficits on reversal learning tasks and recognition of expressed emotion are indeed
differently localized in the brain, considering that in all studies referred in this review
no impairment was found on standard neuropsychological functions;
4) The IGT seems to have components of reversal learning [22][10, 22]. This
suggests that the IGT is a complex instrument that taps several cognitive processes [45,
46]. The negative score on the IGT was found to be related to a mixture of behavioural
characteristics (compulsively collecting items, antisocial behaviour, random purchases).
Overall one could say that this type of behaviour might be classified as ‘impulse control
disorder’. The IGT is designed to assess real-life decision-making and is said to be
sensitive for (right-) ventromedial prefrontal cortex damage [1]. In line with the original
work of Bechara (1994), which incorporated patients with relatively extensive bilateral
lesions, we also found that most patients had predominantly bilateral orbitofrontal
injury. We describe one study with a small orbitofrontal lesion and no deficits on the
37

2

IGT [7], which is in line with Manes et al (2002) who showed that small unilateral lesions
restricted to OFC has no effect on the IGT. The fact that orbitofrontal damage patients
tend to make socially inappropriate decisions, while they are rationally aware of possible
negative future consequences of their actions, might be influenced by the reversal
learning components of the IGT [20, 21, 47]. This is emphasized in an study where
they found no difference between dorsolateral prefrontal and ventromedial prefrontal
damages patients on the IGT [32]. They conclude that an impaired score on the IGT of
ventromedial patients is explained by an underlying reversal learning deficits. Studies
showed that patients with amygdala damage, compared to ventral medial prefrontal
damage, both performed abnormal on the IGT [45].

Limitations
This study has several limitations; a) the majority of the studies concerns
case studies (n = 1), or studies with low sample size (n), consisting predominately of
males, with a large variety of length of time after the lesion (6 month to 42 years)
and differences of age (31- 75 years); b) to establish the extent and location of the
orbitofrontal lesion different neuroimaging methods (CT-scan, MRI, SPECT) have been
used [4, 6, 7, 17], which could account for the discrepancy in our findings. In addition,
this review and other studies [11] show that using the MRI revealed [42] more lesions
compared to CT; c) the substantial differences in test administration of the reversal
learning [2, 10, 12] and social cognition tests [11, 22] might have influenced the results.
The absence of reliability or any psychometric data for these various test versions makes
it difficult to interpret the findings; d) the measures of real world behaviour are very
variable across studies, and there is no information on the validity or reliability of most
of these measures. Based on the most frequently used terms to ‘capture’ behavioural
changes following OFC, we have clustered the behavioural disorders in three clinically
based concepts: disinhibition, anti-social - rigid behaviour and impulse control disorder.
We are well aware that these three categories are arbitrary considering that all terms
refer to the inability to control or change behaviour.

Conclusion
Given the heterogeneous and complex nature of processes subserved by the
OFC, results from both animal and human experimental studies suggest that the main
function of the OFC is (rapidly) processing and selecting the probable reward value of
stimuli in a changeable environment [10, 34, 48–51]. Given the result of our review,
one could conclude that the suggested clinical tests by Zald measure subcomponents of
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this complex stimulus reinforcement process. The development of an validated clinical
task, a task that measures the value of stimulus-reinforcement-outcome processes,
would strengthen the relationship with the behavioural changes following orbitofrontal
damage [51, 52]

Recommendations
The results of this review suggest that behavioural changes following
orbitofrontal lesions are related to cognitive dysfunctions, as suggested Zald & Andreotti
[16], and not sensitive to standard neuropsychological tests. We therefore recommend
that the different reversal learning (based on animal research) and recognition
for expressed emotions tests should be first tested on psychometric properties
for prefrontal lobe dysfunctions in a Dutch population. Secondly, we recommend
neuroimaging for diagnostic purposes and administration of the tests described here
(Reversal learning test, recognition of expressed emotion test, and IGT) in case of
severe behavioural changes, caused by supposed brain damage, and in the absence of
executive deficits [53].
To significantly increase the understanding of the OFC in relation to behavioural
disorders, future studies should involve large numbers of patients with well-defined
lesions in the orbitofrontal region, and integrate different tasks that measure responses
to changing stimulus-reward contingencies, neuroimaging, neurophysiology, and
structural behavioural measures [16].
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Abstract
Background. The assumption is that in executive dysfunctions (EF), associated with
frontal lobe injury are responsible for behavioural disturbances. Some studies do not
find a relationship between EF and behaviour following frontal lobe lesions. Our main
goal of this study is to use a novel statistical method, graph theory, to analyse this
relationship in different brain injury groups; frontal lobe damage, non-frontal lobe
damage and controls. Within the frontal group, we expect to find a pattern of executive
nodes that are highly interconnected.
Method. For each group we modelled the relationship between executive functions
and behaviour as a network of interdependent variables. The cognitive tests and the
behavioural questionnaire are the ‘nodes’ in the network, while the relationships
between the nodes were modelled as the correlations between two nodes corrected
for the correlation with all other nodes in the network. Sparse networks were estimated
within each group using graphical LASSO. We analysed the relative importance of the
nodes within a network (centrality) and the clustering (modularity) of the different
nodes.
Results. Network analysis showed distinct patterns of relationships between EF
and behaviour in the three subgroups. The performance on the verbal learning test
is the most central node in all the networks. In the frontal group, verbal memory
forms a community with working memory and fluency. The behavioural nodes do
not differentiate between groups or form clusters with cognitive nodes. No other
communities were found for cognitive and behavioural nodes.
Conclusion. The cognitive phenotype of the frontal lobe damaged group, with its
stability and proportion, might be theoretically interpreted as a potential ‘buffer’ for
possible cognitive executive deficits. This might explain some of the ambiguity found in
the literature. This alternative approach on cognitive test scores provides a different and
possibly complementary perspective of the neuropsychology of brain-injured patients.
Keywords: brain Injury, frontal lobe, executive functions, behaviour, graph theory
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Introduction
Acquired brain injury (ABI) is a broad term to indicate brain injury after birth
with different aetiology, not including degenerative disorders such as Alzheimer’s,
Parkinson’s, or Huntington’s disease. The general view is that ABI is strongly related to
cognitive and behavioural dysfunction [1]. More specifically, the relationship between
cognitive dysfunctions and changes in behaviour is most evident following injury in
the frontal lobe [2]. The assumption is that in particular executive dysfunctions (EF),
known to be associated with frontal lobe injury, are responsible for behavioural
disturbances [3–5]. These cognitive and behavioural changes after frontal lobe damage
are also paraphrased as a ‘dysexecutive syndrome’ [6]. Despite the strong evidence
between structure and functions, there are also studies that find no relationship
between executive functions and behaviour following frontal lobe lesions [7–9]. The
question arises why some behavioural problems after acquired brain injury of the
frontal cortex do not correlate with executive dysfunction. One explanation might be
that many executive functions tests lack real-life or ecological validity, as during the
traditional administration of neuropsychological tests the examiner provides structure,
organization, guidance, planning and monitoring necessary for optimal performance
[10]. This fails to induce executive behavioural deficits in daily live.
The effect of focal brain lesions can alter cognitive dysfunctions in multiple
domains and may therefore be best understood in the context of functional networks
[11, 12]. For example, performance on the Wisconsin Card Sorting Test (WCST), one
of the most distinctive prefrontal lobe test for over the last decades, has not only
been associated with frontal lobe damage [13] but also with damage to the temporal
cortex, more specific the hippocampus [14, 15] and non-frontal regions [16] such as
subcortical and cerebellar regions [17]. There is a general consensus that cognition is a
highly distributed and depends on the interaction between many brain regions [17–19].
The standard approach to analyse differences in executive functioning between
ABI patients and controls is to compare differences in mean performance on EF tests
across different injury and control groups. Differences in performance between groups
are then interpreted as certain cognitive systems being affected by the brain injury. This
approach does not take into account the correlations between the different EF tests,
and whether this pattern of correlations is different across groups. Information on the
correlations between EF tests might give more insight in for example, compensatory
mechanisms, where non-lesion brain regions take over or compensate for lesion
regions. In this case a lesion in one brain area might not trigger a difference in mean EF
performance, but might change the interrelations between EF tests. Focusing on the
correlations between EF test might thus give researchers additional information on EF in
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relation with brain injury over just mean performance. The fact that some studies do not
find mean differences in frontal brain injury groups on EF tests doesn’t mean that there
are no correlation differences these groups do not differ in the pattern of interrelations
between these variables. The use of the standard statistical approach might therefore
be, to some extent, limited in elucidating the relation between frontal lobe damage,
executive dysfunctions, and behaviour, since it neglects the inter-correlations between
other cognitive functions conjointly.
The current view is that localized brain regions support cognition and behaviour
has gradually given way to the realization that it is about connectivity [20, 21]. In recent
years, functional connectivity changes associated with brain injury have been studied
using the mathematical concepts of graph theory [22]. Graph theory provides a method
to study the relation between network structure and function, It provides a method to
evaluate functional connectivity patterns, using fMRI, between brain areas [20, 23, 24].
There are only a few studies that used graph theory to assess functional connectivity
after Traumatic Brain Injury (TBI) [22]. Some do report a correlation between specific
networks and behavioural and clinical measure in TBI and conclude that the disturbed
network can explain cognitive dysfunctions [25–27].
An eloquent approach is applying concepts from graph theory to cognitive
functions in different location of lesions following ABI. In this integrative approach,
tests are explicitly modelled as a network of interrelated variables and the properties
of this network are interpreted instead of analysing tests separately [28–30] and has
proven a very effective and informative way to explore brain networks and human
behaviour [31, 32].
Network analyses are different from for example regression approaches where
there is a clear distinction between outcome and predictor variables. The network
approach contains only predictors and looks for a sparse set of predictors that explain
a reasonable amount of variance, i.e. an optimal set of predictors that still describes the
important relationships between all predictors. In that sense it is also different from
factor analytic approaches as these approaches aim for a different criterium: maximum
amount of variance explained. Network approaches search for a trade-off between
explained variance and number of predictors.
Our main goal of this study is to use this alternative approach in different
ABI patients groups (frontal lobe damage, non-frontal lobe damage and controls)
and provide a different and arguably complementary perspective on the relationship
between cognitive dysfunctions and changes in behaviour following injury in the frontal
lobe. First of all the examination of cognitive network topology using graph theory will
yield visual insights into the nature of the (dis)-organization of cognitive structure in
the different groups. Within the frontal group we expect to find a pattern of relations
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between the EF tests, that is, clusters of cognitive nodes are highly interconnected with
each other but not with other clusters. This cognitive phenotype of the frontal lobe
group might give insight for example if there is indication for a possible compensatory
mechanism.
Results of this explorative study may give insight into the interrelations
between executive functions and behaviour in relation to the different locations of
lesions in a group of ABI patients. To our knowledge this is the first study that uses a
graph network theoretical approach to compare different outpatients groups with ABI
on standard neuropsychological and a behavioural by using a network approach within
three groups.

Materials and method
Participants

A total of 127 patients and 67 controls were recruited from the mental health
institute for Neuropsychiatry, Vesalius, a sub-department of mental health institute
Altrecht, The Netherlands. All patients were outpatients that were referred to this
institute because of neuropsychiatric, social, and/or neuropsychological difficulties,
which are expected to be a consequence of acquired brain injury. The control group are
patients with cognitive complaints and were randomly selected based on no structural
damage and a complete neuropsychological battery. None of the controls subjects
met the criteria of mild traumatic brain Injury (mTBI), there was no posttraumatic
amnesia (PTA) or loss of consciousness (LOC). None of the controls showed structural
abnormalities on the MRI. All participants were grouped into three groups; frontal
lobe damage (n = 61), patients with non-frontal lesions (n = 66) and controls with no
lesions (n = 67).
Level of education was determined by a 7-point scale: 1) uncompleted
elementary school; 2) 6 grades of elementary school; 3) 7th and 8th grade of elementary
school 4) 3 years of lower general secondary education; 5) 4 years of lower general
secondary education; 6) pre-university education and higher vocational education; 7)
University and technical college [33]. Mean time post injury of the non-frontal group
is 13.9 years (SD = 13.6) and of the frontal group 12.4 years (SD = 12.3). Aetiology
of the lesion corresponded to stroke (32.8 %), Traumatic Brain Injury (TBI) (49.2%),
removal of benign primary tumour (15.6%), other aetiologies including hypoxia, cerebral
encephalitis, Chronic Toxic Encephalopathy (CTE) (13.3. %). All MRI’s were made
between 2008 and 2015; mean year in which the MRI is made is 2012 (SD ± 1.2 year).
See Table 1. None of the patients reported a history of premorbid chronic psychiatric
disorders, neurodegenerative pathology, or severe drug addiction. All patients had
49

3

sufficient command of the Dutch language. In the non-frontal group, 19.7% had multiple
aetiologies, for the frontal group this is 6.6%. Therefore, the total added number is
more than 100%.
Table 1. Means and Standard Deviations of demographic characteristics of frontal lobe, nonfrontal patients and controls

Age y
Level of Education
Time since injury y
(n = 128)
Sex (% female)
Stroke (%)
TBI (%)
Tumour (%)
Other aetiologies (%)

41,1 (13,1)
4,8 (1,2)
-

Non-frontal
lesions
n = 66
47,2 (13,7)
4,8 (0.8)
13.9 (13.6)

Frontal Lobe
lesions
n = 62
41,6 (13,8)
4,9 (1,0)
12.4 (12.3)

.016*
.521
.513

31.3
-

37.9
38.8
35.8
17.9
19.7

31.1
26.2
63.9
13.1
6.6

.698
.132
.002*
.457
.033*

Total Sample
N = 195

Controls
n = 67

43,4 (13,8)
4,8 (1,0)
13.2 (12.9)
33.3
32.8
49.2
15.6
13.3

p

*Significant p < .05

Gender (χ2(2) = 728, p = .698) and level of education (χ2(12) = 11.09, p = .521) did
not differ significantly between groups. No difference was found between time since
injury between the frontal and non-frontal group (p = .513). There was a significant
effect for age between the three conditions [F (2, 192) = 4.22, p = .016]. Post hoc
comparisons using the Tukey HSD test indicated that the mean age of the non-frontals
was significantly different (M = 47,26, SD = 13,68, p = .025) from the controls (M = 41,23,
SD = 13.16). A trend was found for age between the non-frontal and frontal lobe group
(p = .051).

Materials and procedure
The existing framework of the standard diagnostic procedures of Mental
Health Institute Altrecht (Neuropsychiatry, Vesalius) was used. The neuropsychologist
administered the neuropsychological tests and questionnaires. Demographic
information and injury related information was collected from the electronic patient
file. All tests and questionnaire have been chosen to provide an added value within the
population of care. A full report was written for regular care, a copy was provided to the
patient. If a recent MRI has been made elsewhere, no additional MRI was requested. In
all other cases, a new MRI was made in the University Medical Center, Utrecht (UMCU),
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the Netherlands on 3.0 Tesla MRI machine (Philips NT). For most patients, sagittal
slices with T1-SE sequence, transversal slices with T2-FLAIR sequence and coronal
slices with T1-IR and T2-FFE sequences were acquired. A radiologist carried out the
anatomic classification and aetiology (where possible) of patients’ lesions. Patients were
classified to the frontal lobe group if the radiologist assigned visible tissue loss, atrophy,
or postoperative lesion and white matter lesions to the frontal lobe. Written informed
consent was obtained from participants according to the Declaration of Helsinki, and
a local ethic committee approved the study.

Cognitive measurements
Working memory
Digit-Span backwards is a subtest of the Wechsler Adult Intelligence Scale-III
(WAIS-III-R; [34]) and measures working memory [35], and the ability for updating
and manipulate relevant information. These aspects rely mostly upon frontal lobe
functioning [19]. The task requires participants to repeat digit sequences that are
presented forward and backward. We used the total number of correct items backwards
as a measure for working memory.
Memory
The 15- Word Learning Test (15-WLT) is a measure for immediate and delayed
memory and is a Dutch version of the Rey Auditory Verbal Learning Test (RAVLT) [36].
The total correct words remembered on the immediate recall of the RAVLT (range
between 0 and 75) and the number of correct words on the delayed recall of the RAVLT
was used as a measure for memory.
Executive functions
The Stroop Colour Word Test (SCWT) measures speed of information processing
and the capacity to suppress automatic response tendencies [3]. An interference
measure is calculated by taking the time on Stroop III divided by Stroop II (STROOP III/
II), with higher ratio scores reflecting greater interference.
The Trail Making Test (TMT A, B) measures divided attention [37]. TMT-A
requires an individual to draw lines sequentially connecting 25 encircled numbers
distributed on a sheet of paper. Part B (Trail B) is considered a measure of cognitive
flexibility, alternating attention (e.g. 1-A,2-B,3-C etc.), and ability to inhibit a dominant
but incorrect response [38]. Calculating the ratio between Part B and Part A (Trails
B/Trails A) is suggested for interpretation of executive deficits and eliminating the
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influence of visual and motor abilities on performance [39]. Higher ratio scores reflect
more cognitive inflexibility.
Letter fluency (DAT) is a phonemic memory task that requires patients to
say as many words as possible beginning with a specific letter (the letters D, A, T are
provided). This test mainly measures switching to another letter or category group and
is frequently impaired after frontal lobe damage [40]. Participants are instructed not to
use people’s names, places, and numbers or to name sequences of words with the same
prefix (e.g. superman, supercars, and supermarket). Letter fluency performance is based
on the number of correct items produced by the participants. Items were counted as
correct if they met the constraints of the condition and were not repetitions. The total
number of correct words was used in our analysis.

Behavioural assessment
Frontal Systems Behavioral Scale (FrSBe); the FrSBe, is a 46-item rating
scale designed to measure behavioural changes after frontal lobe damage. The FrSBe
includes a Total Score, which is a composite of three subscales: Apathy, Disinhibition,
and Executive Dysfunction [41]. In our study, patients were asked to rate each question
on a five-point likert scale. Because continuous scores are required for carrying out
network analysis, we used raw scores instead of categorical scores.

Data-analyses
Standard analysis
For between group comparisons an ANOVA is used. For the non-normal data
a Kruskal – Wallis test is used. Analyses were performed using IBM SPSS Statistics 22.0
(IBM Corp., Armonk, New York).
Network analysis
In graph theory terminology, the variables are termed ‘nodes’ and nodes are
connected with each other via ‘edges’. Edges can be binary, that is, present or absent.
They can be weighted; an edge with a higher weight is more strongly connected with a
node than an edge with a lower weight. Finally, edges can be directed, that is, the edge
between node A and B can be different from the edge between node B and A [32]. In
our case, the cognitive functions and behavioural measures constitute the nodes of a
network with the partial correlations between the cognitive functions and behavioural
measures as weighted and undirected edges.
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There are several properties that can be inferred from a network, both on the
network as whole, as well as on the individual nodes and edges. Widely used properties
are centrality and modularity. Centrality determines how ‘central’ a node is within
a network, that is, if the node is connected to many other nodes (degree centrality)
[32]. Another way to examine a network is to look if and how different nodes cluster
together into different ‘communities’. That is, a community can be identified as a group
of nodes that are highly connected with nodes within the same community but have
few connections with nodes from other communities. One effective method to examine
whether there are different communities within a network is the use of ‘modularity’.
Modularity can be defined as a measure of strength of a division of a network into
‘modules’. Networks with high modularity contain clusters of nodes that are highly
connected with other nodes but less with nodes from other clusters [42].
Network analysis: construction of the frontal and non-frontal network
For each group the cognitive tests (Stroop, WM, TMT, RAVLT, DAT) and the
behavioural questionnaire (FrSBe) constituted the nodes of the network. Networks
were estimated within each group using the graphical LASSO [43]. This procedure
estimates the (inverse) partial covariance matrix of a set of variables, penalizing small
covariance’s (i.e. setting small covariance’s to zero). The optimal strength of the penalty
term (controlling the amount of penalty applied) was estimated using the BIC [44]. The
resulting partial covariance matrix thus contains only those edges that are deemed
important, as all small edges are set to zero. Outcome of this analysis is thus a ‘sparse’
matrix containing the most important partial correlations (correlations between two
nodes corrected for the correlation with all other nodes in the network) between nodes.
Networks were estimated in R (R Core Team, 2016) using the glasso [45],
bootnet and qgraph packages [46]. We used the bootstrap version of the EBICglasso
function with the tuning option set to 0, which equals model selection using the BIC
[44] with 1000 bootstraps. To visualize the network we used a circular plot and a springembedded plot. In a circular plot the nodes are located at equal path length around
a circle. Nodes that are highly connected have a high density of lines. With a springembedded algorithm, nodes are located in such a way as to put those with smallest path
lengths (i.e. higher correlation) to one another closest in the graph. In this procedure
randomly placed nodes are sorted into a desirable visual presentation (symmetry, nonoverlapping etc.) [47]. To identify the between-group differences in network measures,
we investigated the nodal characteristics of the constructed networks. We calculated
nodal degree centrality of each test for the three group networks. The bootstrap
procedure was applied to estimate the stability of the centrality estimates. The resulting
distribution of centrality values for each node was then used to calculate the 95%
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confidence interval (between the 2.5% and 97.5% percentile of this distribution) of
the centrality values. Non-overlap in confidence intervals between groups was taken
as evidence for a difference in centrality between groups for that node. Note that
bootstrap confidence intervals for centrality measures can be unreliable and must be
interpreted with some caution [48].
Community Analysis
The subsets of nodes that are densely connected to each other but less with
other nodes are referred to as communities or clusters [49]. One effective method
to examine whether there are different communities within a network is the use of
‘modularity’. Modularity was calculated using the Louvain algorithm for undirected and
weighted graphs [50]. This method does not require the setting of a threshold of which
(partial) correlations to include in the analysis. To avoid issues with local minima we
ran the algorithm 100 times and chose the solution with the highest modularity index
Q (Q ranges from 0 to 1, with 1 indicating perfect separation into different modules
[51]. To allow assessment of the stability of the detected communities, we performed
the community detection algorithm to the 1000 bootstrap samples from the network
analysis. This lead to 1000 community assignments for each node in the network. We
visualized the stability of the communities by looking, for each pair of nodes, in how
many of the bootstrap samples both nodes were in the same community. We visualized
our data by a panel of color codes for each node corresponding to the proportion of
bootstraps in which this node was in the same community as the other nodes in the
network. This analysis is performed in each of the three groups separately.

Results
ANOVA
First, we performed an ANOVA between the three groups for cognitive and
behavioural measures. Analyses show no difference between groups for the cognitive
measures. The assumption of homogeneity of variance for Digit-Span backwards,
RAVLT, DAT, Stroop is found tenable using Levene’s test (all p’s > .05). No significant
difference is found for digit span backwards; F(2,192) = 1.113, p = .331; RAVLT - total,
F(2, 191) = 2.162, p = .118; RAVLT-recall, F(2, 191) = 2.832, p = .061; DAT, F(2,188) =
.166, p = .847 and Stroop F(2,185) = .173, p = .841). For the TMT the assumption of
homogeneity of variance was tested using a non-parametric Levene’s test and found
tenable (p > .05). A Kruskal-Wallis Test shows that there is no statistically significant
difference between groups for TMT χ2(2, N= 195) = 2.52, p = .283. The assumption
of homogeneity of variance for FrSBe is found tenable for all thee subscales using
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Levene’s test (all p’s > .05). A significant difference is found for apathy F(2,192) = 5.308,
p = .006 and for Executive Dysfunction F(2, 192) = 5.106, p = .007. Post hoc analysis
using Turkey HSD indicates that the mean score on the Apathy subscale of the control
group is significantly higher (40.87) compared to the non-frontal group (33.11). Post hoc
analyses for Executive Dysfunction using Turkey HSD shows a significantly higher score
for the control group (48.25) compared to the non-frontal group (42.06).
Visualization of the networks
All networks are represented in Figures 1a, 1b, 2a, 2b and 3a, 3b (a; circular; b; spring
plots). The nodes (circles) represent the different neuropsychological tests and
behavioural questionnaires. The lines between nodes represent the interrelations
between those measures (partial correlations). The width of the lines indicates the
strength of the correlation, the red and green lines represents a negative (red) or
positive (green) partial correlations. Different colours indicate to which community the
nodes belong (see next section). In all three different spring plots a different cognitive
measure seems to be the most central node; for controls letter fluency (FLU); for nonfrontal the Stoop (STR) and for the frontal group working memory (DSB) and executive
behaviour (FEF). Of interest is that the spring plots of the non-frontal group has fewer
interconnections and therefore seems to be the least complex network compared to
the non-frontal and frontal group. In all networks (spring and circular), the nodes 15T
and 15R have a strong positive connection.
Figure 1a. Circular plots Controls

Figure 1b. Spring plots controls

STR: Stroop Word-Color test. TMT: Trail Making Test. DSB: Digit-Span backwards. 15T:
15-Word Learning Test Total score. 15R: Word Learning Test Recall score. FLU: letter
fluency. FAP: FrSBe-Apathy scale. FID: FrSBe-Disinhibition scale. FEF: FrSBe-Executive Dysfunction scale. Cluster 1-green) memory (15T-15R); Cluster 2-red) Letter fluency and working memory; Cluster 3-blue) Stroop, divided attention all FrSBe subscales.
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Figure 2a. Circular plots Non-Frontal

Figure 2b. Spring plots Non-Frontal

STR: Stroop Word-Color test. TMT: Trail Making Test. DSB: Digit-Span backwards. 15T: 15Word Learning Test Total score. 15R: Word Learning Test Recall score. FLU: letter fluency.
FAP: FrSBe-Apathy scale. FID: FrSBe-Disinhibition scale. FEF: FrSBe-Executive Dysfunction
scale. Cluster 1-green) memory (15T-15R); Cluster 2-red) Letter fluency, Working Memory;
Cluster 3-purple) all FrSBe subscale; Cluster 4-blue) Stroop and divided attention.
Figure 3a. Circular plots Frontal

Figure 3b. Spring plots Frontal

STR: Stroop Word-Color test. TMT: Trail Making Test. DSB: Digit-Span backwards.
15T: 15-Word Learning Test Total score. 15R: Word Learning Test Recall score. FLU:
letter fluency. FAP: FrSBe-Apathy scale. FID: FrSBe-Disinhibition scale. FEF: FrSBeExecutive Dysfunction scale. Cluster 1-red) memory (15T-15R), letter fluency and
working memory; Cluster 2-blue) Stroop, divided attention and all FrSBe subscales.
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Modularity Estimation
In the control group (Figure 1b) there are three clusters. Cluster 1-green)
memory (15T-15R); Cluster 2-red) Letter fluency and working memory; Cluster 3-blue)
Stroop, divided attention and all FrSBe subscales. In the non-frontal (Figure 2b) group,
there were four clusters. Cluster 1-green) memory (15T-15R); Cluster 2-red) Letter
fluency, Working Memory; Cluster 3-purple) all FrSBe subscale; Cluster 4-blue) Stroop
and divided attention. In the frontal group Figure 3b) there are only two clusters. Cluster
1-red) memory (15T-15R), letter fluency and working memory; Cluster 2-blue) Stroop,
divided attention and all FrSBe subscales. In all the networks, working memory and
letter fluency form a cluster, in the frontal group is it forms a cluster with all the sub
scales of the FrSBe.
Degree centrality
In order to investigate the importance of the cognitive tests and the
behavioural questionnaires within each group’s network we calculated the degree
centrality between groups. The degree centrality of a node reflects how strong this
node is connected to the rest of the network. Degree centrality between groups is
illustrated in Figure 4. No difference in centrality was found between groups for the
cognitive and behavioural nodes.
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Figure 4. Degree centrality between groups

Colored areas around the lines represent 95% confidence interval the boostrap distribution.
STR: Stroop Word-Color test. TMT: Trail Making Test. DSB: Digit-Span backwards. 15T: 15Word Learning Test Total score. 15R: Word Learning Test Recall score. FLU: letter fluency. FAP:
FrSBe-Apathy scale. FID: FrSBe-Disinhibition scale. FEF: FrSBe-Executive Dysfunction scale.

Figure 5 shows the weight of all pairs of non-zero edges in the networks of
all groups. Of interest is that the DSB and TMT seem to have less weight in the frontal
group. FDI- FEF and STR-FAP seems to have a strong weight within the control group.
FLU-FEF has a low weight in the control group. For the non-frontal group a large weight
is found FAP-FEF and 15T-FLU, a low weight for DSB-STR. For all groups, there is a high
weight between 15T-15R, DSB-FLU.
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Figure 5. Edge weights between tests
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Coloured areas around the lines represent 95% confidence interval the bootstrap distribution.
STR: Stroop Word-Color test. TMT: Trail Making Test. DSB: Digit-Span backwards. 15T: 15Word Learning Test Total score. 15R: Word Learning Test Recall score. FLU: letter fluency. FAP:
FrSBe-Apathy scale. FID: FrSBe-Disinhibition scale. FEF: FrSBe-Executive Dysfunction scale.

Community Analysis
We calculated the modularity index Q, which ranges from 0 to 1, with 1
indicating perfect separation into different modules and 0 indicating community
assignment is on chance level. The absolute stability of the detected communities is
reflected in a high proportion, indicating in what proportion of the bootstrap samples
the node of interest is in the same community as another node (separate columns).
The differentiation between communities is reflected in the differences between the
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proportions in the rows (i.e., the three groups) for each column. Proportions of ‘samecommunity-assignment’ for each node are in Figures 6 through 13, one Figure for each
node of interest. The rows indicate the three groups, while the columns indicate all
the nodes besides the node of interest. Proportions are given as numbers in each cell.
All cells are also color-coded to reflect the proportion (white = high proportion, red =
low proportion). The difference between ‘same-community-assignment’ proportions
across groups thus indicates that the node of interest ‘clusters’ with different EF tasks
across groups, an indication that the pattern of interrelations is therefore different
across the groups. Vice-versa, a similar pattern of ‘same-community-assignment’
proportions across groups indicates that the node of interest forms a community with
the other nodes in a similar pattern. We did find different proportions in the community
assignments of nodes between groups. Figure 6 and Figure 7 show that DSB (84%) and
FLU (79%) form a community with 15T and 15R in the frontal group but not in the control
(25%) and non-frontal (35%) groups. DSB and FLU form a community over all groups
and do not differentiate between groups (frontal = 93%, non-frontal = 98%, control =
94%). A large proportion is found between STR and TMT varying from 73% to 79% in all
groups. A proportion of 76% is found for FAP and STR in the control group whereas in
the non-frontal and frontal groups these proportions were 44% and 32% (Figure 9). A
proportion of 68% was found for FEF and the TMT (Figure 12) in the frontal group with
lower proportions for the control (43%) and non-frontal (33%) groups.
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Figure 6. Digit Symbol Backwards

Figure 7. Letter Fluency

Figure 8. 15WT-Total & 15WT-Recall

Figure 9. Stroop

Figure 10. TMT

Figure 11. FrSBe Disinhibition

Figure 12. FrSBe Executive Functions

3

Figure 13. FrSBe Apathy

STR: Stroop Word-Color test. TMT: Trail Making Test. DSB: Digit-Span backwards. 15T: 15
Word Learning Test Total score. 15R: Word Learning Test Recall score. FLU: letter fluency. FAP:
FrSBe-Apathy scale. FID: FrSBe-Disinhibition scale. FEF: FrSBe-Executive Dysfunction scale.
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Discussion
In this explorative study we applied graph analysis (i.e. networks) on different
tests of executive functioning and behavioural measures within three groups (1) frontal
lesions, (2) non –frontal brain damage and (3) controls. We found that the three groups
have different cognitive phenotypes and that they are marginally related to behavioural
measures. We did not find any mean differences (ANOVA) between the groups for
cognitive measures. Conform literature, despite the fact that the frontal lobe group
had more structural damage (tissue loss, atrophy, postoperative lesion, white matter
lesions), we did not find more executive dysfunctions [7, 9]. The frontal group did not
report significantly more behavioural problems. For the FrSBe we did find a significant
difference (ANOVA) for the controls for Apathy and Executive Dysfunction compared to
the non- frontal group. Besides, It has been shown that self-reported FrSBe scores in a
healthy control group (n = 127) showed significant differences in executive dysfunctions
and was a predictor of behavioural problems (e.g. credit card debts) [52]. Other studies
also show elevated score on the FrSBe in healthy controls [53].
A less expected finding was that we did not find any differences in centrality
between groups for the cognitive and behavioural nodes in de frontal lobe group.
Based on our analysis we found that the total performance of the immediate free
recall (15T) has the most centrality among all tests in all the groups, that is that other
cognitive functions strongly associated with immediate verbal memory. Its connection
with 15R is strong in all groups. Both 15R and 15T form a community in 100% (Figure 8)
of the bootstrap samples for all groups, meaning that 15T and 15R do not differentiate
between groups. It forms a community with working memory (DSB) and letter fluency
(FLU) in the frontal lobe group, but not in other groups. Verbal memory (15T, 15R)
does not form a community with the behavioural subscales, suggesting that location
of lesions does not differentiate between groups for the score on verbal memory in
relation to behaviour. It is striking that this frontal cognitive phenotype involves merely
mental processes (working memory, letter fluency, verbal memory) and does not involve
tasks involving visual-motor tasks (Trail making, Stroop). One could conclude that the
different executive components, strategic retrieval processes (FLU) and monitoring
(DSB), are devoted for encoding and retrieval of information. In addition, working
memory (DSB) and fluency (FLU) do not differentiate between groups. In the frontal
lobe group these executive components might theoretically serve as a ‘compensatory
mechanism‘ or ‘supporting functions’ for verbal memory deficits.
The TMT and Stroop do not form communities with other cognitive variables but
do seem to have a strong interrelationship due to a common processing speed element
[54]. One of the main findings of our study is that the network approach is more able to
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uncover, and visualize, the interrelationships between tests scores in the frontal group
in the absence of mean difference between groups. In line with our clinical findings,
a recent fMRI study showed that focal frontal lesions showed an increased frontopartietal activity (e.g. parietal and ventral stream activity) compared to controls with
non-frontal lesion on different cognitive tasks. The authors suggest that the effects of
focal lesions may be best understood in the context of adaptive brain –wide cognitive
network [11].
Recent reports have suggested frontal lobe specificity for the TMT, especially
the dorsolateral prefrontal cortex (DLPFC) [54, 55]. Despite its low centrality (and
therefore low weights between other nodes), a stable community (e.g. high proportion)
was found between the STR and TMT in all groups, suggesting a great interdependence
between these functions with no differentiation between groups. This is in line with
the assumption that the total score and ratio score (B/A) of the TMT are not specific or
sensitive to frontal lobe damage [56, 57]. Some larger proportion in the frontal group
(FEF, 68%) and control group (FAP, 58%) suggests a relationship with cognitive flexibility.
TMT forms no community with working memory, letter fluency and verbal memory in all
the groups. A lack of correlation between TMT-ratio and working memory is consistent
with literature [19].
With regard to the Stroop ratio-score, it is notable that it forms no communities
with the FrSBe subscales in all the networks. The Stroop does also not form a community
with working memory, letter fluency and verbal memory. Despite the difference in
several studies, specific frontal lobe areas are related to the performance of the Stroop,
namely DLPFC and the anterior cingulate cortex (ACC), but fails to discriminate between
frontal and non-frontal lesions [3, 58]. Of interest is the fairly high differentiation of the
Stroop (76%) for apathy in the control group.
We have made no distinction in this study between the various locations of
lesions in the frontal lobe. This is possibly reflected in the observation that, in all
networks, in each group, the sub-scales of the FrSBe do not differentiate between groups
(i.e. community stability was equal across all groups). In all the groups, a high range of
proportions is found for all subscales (63% - 100%) with no clear differentiation. One
could carefully conclude that frontally mediated behaviours are partially independent
of cognitive performance [41].
Results of our network analysis emphasizes that the relationship between
executive function and behaviour in a group of ABI patients, with different locations
of lesions, is not straightforward. Since this is a non-inferential and more hypothesis
generating approach, our results could possibly be the start of the development of new
brain- cognition- behaviour theories, and should lead to viable avenue of new research
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targeting the adaptive brain- wide network on cognition in relation to behaviour in a
clinical setting.

Limitations
In this explorative study using a graph analyses approach with cognitive and
behavioural nodes in patients with frontal/non-frontal ABI, we agree that the number
of subject within each group was relatively low to perform the graph analysis. The
reasons for using a graph theoretical or network approach was mainly to give insight
into the relationships between often-used neuropsychological tests in groups with brain
injury. The network approach provides a different view on these relations and can lead
to hypothesis about the underlying brain mechanisms (i.e. brain regions compensating
for the failure of other regions). Since the groups in our study are relatively small for
a network analyses, the results still show interesting avenues for new research. For
example, by performing a community structure analysis, we showed that different
tests tend to cluster together across different ABI groups. The measures used in our
study (i.e. centrality) and the algorithms used for community analysis are not the only
ones available. Different measures might highlight different aspects, and different
algorithms might give different results. We feel that it is beyond the scope of this
paper to address all different methods, as our main goal is to highlight the viability of
the network approach in a clinical sample of ABI patients and to generate possible new
and innovative hypotheses about the underlying mechanisms of ABI.
Although we grouped our patients in non-frontal and frontal, additional /
overlapping lesions may have influenced the effect on cognitive outcomes. This is
particularly true for the frontal group, which has significantly more TBI. TBI is more
likely to cause not only one distinct anatomical injury but also more diffuse white
matter jury, which theoretically may cause more disruption between regions of the
brain. Given this is a clinical population we did not have the opportunity to make an
exact distinction of the (overlapping) lesions.
Subsequently, the heterogeneity of the nature of acquired brain injury in our
patient sample is high [59]. The cross sectional design of the study might have narrowed
the range of possible outcomes and decreased variability among patients and controls.
It did not allow us to examine the change in cognition and behaviour. Another limitation
is high variability in time since injury, as recovery stage might influence the test results.
One can expect that patients with a more extended period of time since injury might
have had more opportunities to enroll in interventions to enhance cognitive functioning
or have learned to compensate for their deficits. Regarding demographic variables, the
non-frontal group is significantly older. A final limitation is the use of ratio scores; the
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reason for the absence of centrality between tests might be that ratio-scores between
two tests often have a low reliability.

Future work
We are aware of the explorative nature of this study and the relatively small
sample size. We are therefore cautious about our statements regarding the reliability of
the networks. The current study was not based on specific hypothesis but does provide
insight into the underlying coherence of different modalities of cognitive functioning.
This approach represents a change of perspective from the traditional analysis of mean
differences towards an approach based on interrelatedness of different modalities.
Despite our cautiousness we would like to make some suggestions about the possible
usability of this approach and pose some possibilities for future research. In clinical
practice, the concept of executive functions is based on abnormal scores of tests, and
statements are made about executive functions even if (some of) these tests are not
normal. We showed that the mutual relationship between the different cognitive tests
can be informative as well. The relationships between the different modalities provided
insight in to which roles modalities play with different types of lesions. Based on our
study we believe that a next step in this research field could be the development of
prototype networks (e.g. frontal, non-frontal) to which an individual networks can be
compared. This gives the clinician insight into the relative strengths and weaknesses
of the mutual relationships of the individual test scores and functions. Based on this
outcome one might theoretically make statements about whether or not therapeutic
interventions are successful. In addition, an interesting line of research would be to link
these prototypical networks to clinical symptoms (e.g. irritability, reduction of initiative)
instead of behavioural clusters. Last but not least, it would be highly informative to for
example use the strength of functional brain connectivity measures in these prototypes
of networks. With this approach you could theoretically create risk profiles for patients.
The strength of the connection between brain networks and prototypical networks
might put the patient at greater risk for developing psychiatric- behavioural symptoms.

Conclusion
Results from this study illustrate a different perspective on the interrelations
between executive functions and behaviour and might contribute to the question why
some behavioural problems after acquired brain injury of the frontal cortex do not
co-occur with executive dysfunction. The different cognitive and behavioural clusters,
each with a different stability and proportion, might be theoretically interpreted as
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a potential ‘buffer’ for possible cognitive deficits [60]. Future research, with welldefined locations of lesions in different ABI groups, could identify important network
characteristics, which could be a target for treatment. Our results could possibly be
the start of the development of new treatment protocols that strongly rely on these
different characteristics. Furthermore, this means that the standard neuropsychological
protocol should be extended with multiple tests per cognitive domain (e.g. memory,
attention, executive functions) in order to ‘capture’ the effects of plasticity in an ABI
outpatients group.
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Abstract
Background. Research shows that patients with PFC lesions may perform flawlessly
on standardized tests of executive function but do have severe behavioural problems.
The use of Virtual reality (VR) seems to be a good alternative to capture some of the
cognitive function of the PFC. The Jansari assessment of Executive Functions JEF© is
developed as an ecologically valid measure to assess executive functions in a group of
patients with acquired brain injury (ABI).
Method. First we evaluated the sensitivity of a Dutch version of JEF© in total of 18
PFC damaged patients. Based on a correlation plot between the nine JEF© constructs,
measures of executive functioning and the FrSBe we compared to the explained variance
of JEF© constructs on the measures of executive functioning with the explained variance
of the FrSBe with linear regression models. We expect to find a correlation between the
JEF© constructs and the FrSBe compared to traditional tests given the fact that some
constructs seems to rely on the cognitive functions of the OFC.
Results. We found a significant difference (p < 0.0001) between our PFC group and the
control sample on JEF© Average score. JEF© is able to discriminate PFC injured patients
from the healthy control sample with 96% accuracy. JEF© Average score significantly
predicted the FrSBe EF proxy scores, (p = 0.007, adjusted R2 = .36). In contrast, the
Wisconsin Card sorting task only explained 2 % of the variance in FrSBe EF proxy scores.
Conclusions. JEF© discriminates between a PFC brain-damaged patients group and
healthy controls. The JEF© constructs do not correlate with the subscales of the FrSBe
for both patient and proxy ratings and NPI. Our findings underlie the ecological validity
of the JEF© in relationship to the proxy ratings. Our findings support proxy ratings as
providing a more realistic evaluation of behaviour than self-reporting rating.
Keywords: cognition, JEF©, neurobehavioral problems, prefrontal cortex, proxy ratings
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Introduction
The frontal lobes have an important role in human (social-) behaviour.
Patients with damage to the frontal lobes often have difficulty controlling their
behaviour suffering for example from, impulsiveness, poor appreciation of risk, apathy,
motivational problems, intrusiveness and inadequate planning [1]. There is ample
evidence that these behavioural disturbances emerge from executive dysfunctions,
such as impairments in response initiation, response suppression, focused attention,
set-shifting, problem solving, and planning [2–5]. It is known that the frontal lobes
play a crucial role in executive functions [6]. Together these symptoms are commonly
classified as the ‘dysexecutive syndrome’. Research shows that some patients may
perform flawlessly on standardized tests of executive function but do have severe
behavioural problems in everyday day functioning [3, 7–10]. This suggests that there is a
set of critical cognitive processes required for activities of daily life, that is not measured
by standardized neuropsychological tests [11]. On the other hand, some patients may
demonstrate executive dysfunctions on standardized tests, but do behave in such a way
that everyday behaviour is relatively preserved [12]. Either way, the ecological validity
of standardized neuropsychological tests seems to be inadequate.
To address the fact that traditional neuropsychological test lack ecological
validity there has been a huge interest in the development of ecologically valid
assessments of executive functioning [13, 14]. The most widely used clinical test
that has, to a certain degree, ecological-validity is the Behavioural Assessment of
Dysexecutive Syndrome (BADS) [15]. In the initial validation study moderate negative
correlations were found (ranging from -.31 to -.46) between the BADS and a the
Dysexecutive Questionnaire (DEX), a behavioural questionnaire included in the BADS
[16, 17]. One of the reasons for the discrepancy between performance on standardized
neuropsychological tests and everyday behaviour is that they do not assess the specific
multiple capacities that are necessary for daily activities [15]. Another reason for the
lack of an association between cognitive deficits and behavioural changes in behaviour
might be the localization of the lesion. Not all frontal lobe regions are associated with
executive functions. For example, the orbitofrontal cortex (OFC) is known for its role in
emotional processing and behavioural changes [18]. Although there are some specific
gyri and sulci in the OFC, in most of clinical neuropsychology the term OFC refers to
the combination of the medial and ventral regions of the prefrontal cortex, as these
regions are highly interconnected and anatomically difficult to distinguish [4, 6, 19].
Patients with OFC appear to be cognitively intact, at least when assessed by means
of standard neuropsychological tasks appealing to executive functions, but do show
severe behavioural changes [8, 9, 18, 20]. It is suggested that there are some specific
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cognitive functions that seem to be sensitive for OFC lesions (e.g. learning and adapting
to changing reinforcement contingencies and decision-making tasks) and are more
related to behavioural changes [18, 20]. Further, the association between psychiatric
symptoms and structural brain damage is not always evident and cannot be easily
classified as a psychiatric disorder [21]. The only psychiatric disorders associated with
OFC lesions are the disinhibited form of organic personality syndrome.
A contributory factor for the lack of ecological validity of existing assessments
is that real-life complex actions) (e.g. shopping, preparing a meal, going to work) require
organizing and structuring goal-related behaviour and therefore require a number of
different cognitive functions [22,16]. The use of Virtual reality (VR) seems to be a good
alternative to address the lack of ecological validity in traditional neuropsychological
tests [23]. VR can be described as ‘an advanced form of human-computer interface
that allows the user to interact with and become immersed in a computer-generated
environment in a naturalistic fashion’ [24, 25]. VR technology requires the patient to
interact with a virtual computer-generated environment in which the assessment of
multitasking of executive functions is carried out in the context of everyday functioning
[26]. Subsequently, rapid progress in technology means that it is increasingly possible
to use various modalities such as video gaming consoles (e.g., Wii, PlayStation, Xbox
Kinetic) and the more cutting-edge VR technologies (e.g., Oculus, HTC VIVE) as long as
patients are able to experience live interactions with the gaming environment through
sensory stimuli and/or motor feedback [27, 28]. To assess the executive functions
with VR, different tests have been developed, including a 3-D virtual apartment [29],
virtual supermarket [30], virtual classroom [31], virtual beach [32] and virtual street
[33]. Despite the variations in task characteristics of these VR environments, the fact
that they are exploratory, and do not have satisfactory psychometric accuracy [34],
literature shows that they are able to successfully predict group membership (controls
versus brain injured) [14, 33, 35–37].
An example of VR for executive functions is the Jansari assessment of Executive
Functions JEF© (Jansari et al., 2014), originally developed as an ecologically valid measure
to assess executive functions in a group of patients with acquired brain injury (ABI) of
mixed aetiologies. Patients who performed within the unimpaired range of both the
BADS and the Brixton-Hayling tests and who were known to show behavioural problems,
performed significantly poorly on JEF© when compared to matched controls [14]. It has
been developed not just to detect dysfunctions but to assess executive functions as
a whole. The scoring ranges from perfect performance, incomplete performance or
partial errors to failure, and is therefore sensitive at higher levels of performance [14].
JEF© consists of eight real-life executive constructs; planning, prioritization, selection,
adaptive-thinking, creative-thinking, action based prospective memory, event-based
76

VR: next step in understanding the neurobehavioral problems
prospective memory and time-based prospective memory. All tasks within JEF© are
designed with some form of ambiguity so that the solution is not always immediately
obvious, as in real life. A demonstration of the sensitivity of this new assessment is
that JEF© has been used to look at the impact on executive functions of recreational
ecstasy, alcohol, cannabis, nicotine and caffeine in healthy young individuals [38–40].
In a recent study a comparison was made between individuals with
circumscribed frontal lobe lesions (tumour resections) and matched controls on
JEF© [41]. In this study seven individuals had right frontal lobe lesions, nine had left
frontal lobe lesions and three had bilateral lesions. The authors found an overall
group difference between the two groups on five out of eight possible task constructs:
planning, creative thinking, adaptive thinking, event-based prospective memory and
time-based prospective memory, with no significant difference on prioritisation,
selection, and action-based PM. Interestingly there were no group differences on
questionnaires (e.g. Frontal Systems Behavior Scale (FrSBe)), which may reflect selfawareness problems in the patient group. In additional analyses no significant effect was
found for specific location of lesions, however it was acknowledged that the numbers
of patients in the different lesion groups (e.g. seven right, nine left, three bilateral) were
relatively small. Although the frontal lobe group performed worse on JEF© the authors
did not report any correlations between the various JEF© measures and behavioural
ratings.
The main goal of the current study was twofold; 1) to evaluate the sensitivity
of a Dutch version of the original English-language JEF© to discriminate a PFC braindamaged sample (predominately OFC lesion) from the original JEF© healthy control
sample; 2) based on a correlation plot between the JEF© constructs, measures of
executive functioning and the FrSBe we will compare to the explained variance of the
JEF© constructs on the measures of executive functioning with the explained variance
of the FrSBe with linear regression models. We expect to find a correlation between the
JEF© constructs and the FrSBe compared to traditional tests given the fact that some
constructs seems to rely on the cognitive functions of the OFC.

Method
Participants
A total of 18 PFC damaged patients (see Neuroimaging section for further
details) were recruited from for Neuropsychiatry Vesalius, a sub-department of
the Mental Health Institute Altrecht, in The Netherlands. For the healthy controls
the original JEF© sample (N = 30) was used with permission [14]. All patients were
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outpatients that were referred to the institute because of neuropsychiatric, social,
and/or neuropsychological difficulties. All patients underwent an extensive diagnostic
protocol including brain imaging, psychiatric evaluation, extensive neuropsychological
assessment, and (behavioural) questionnaires. The healthy controls have a mean age
of 33.3 (SD =10.2), and an average IQ of 110 (SD = 9.2). The inclusion criteria for the
patients were that patients a) had to be 18 years or older, b) had to have prefrontal lobe
damage confirmed by neuroimaging data, c) had behavioural or emotional problems due
to PFC brain injury, d) had to be able to give informed consent and e) had a significant
other (SO). The SOs (who had the most frequent contact with the patient) were included
if they were 18 years or older and gave informed consent. Patients were excluded if
they had a premorbid severe psychiatric disorder or neurodegenerative pathology (e.g.
dementia, Parkinson), did not have sufficient command of the Dutch language, or who
were not able to complete the questionnaires for clinical judgment. Level of education
was determined by a 7-point scale [42]: 1) uncompleted elementary school; 2) 6 grades
of elementary school; 3) 7th and 8th grade of elementary school 4) 3 years of lower
general secondary education; 5) 4 years of lower general secondary education; 6) preuniversity education and higher vocational education; 7) University and technical college
[42]. The mean time post injury of the PFC group is 14.7 years (SD = 16.6). Aetiology
of the lesion corresponded to Traumatic Brain Injury (TBI) (61.1%), removal of benign
primary tumour (22.2%), or stroke (16.7%). See Table 1.
Table 1. Means and Standard Deviations of demographic characteristics of prefrontal lobe
patients
Patients PFC damage
Age y
Level of Education
Time since injury y
Sex (% female)
TBI (%)
Tumour (%)
Stroke (%)

N = 18
42,5 (13.5)
5.2 (0.9)
14.7 (16.6)
22.2%
61.1%
22.2%
16.7%

Note. Education = level of education according to Verhage

Procedure
The existing framework of the standard diagnostic procedures of
Neuropsychiatry Vesalius was used. Procedures were evaluated and accepted
by the scientific committee of Altrecht (the Netherlands). The neuropsychologist
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administered neuropsychological tests, questionnaires and JEF©. Demographic
information and injury related information was collected from the patient’s file. All
tests and questionnaires were chosen to provide an added value within the population
of care. A full neuropsychological report was provided to the patient. Eligible patients
and SOs received an information letter from the institute with an explanation of the
procedure concerning scientific research. Written informed consent was obtained from
participants and caregivers according to the Declaration of Helsinki, and local ethics
committee approved the study.

Neuroimaging
All patients were subjected to brain magnetic resonance imaging (MR), as
part of the clinical standard procedure in order to in- or exclude possible structural
brain pathology. If a recent MRI had been performed elsewhere, no additional MRI
was requested. In all other cases a new MRI was conducted in the University Medical
Centre, Utrecht (UMCU), the Netherlands on 3.0 Tesla MRI machine (Philips NT). For all
patients, sagittal slices with T1-SE sequence, transversal slices with T2-FLAIR, T2-FFE,
T2-SSH-TSE, T2-Dual-TSE sequence and coronal slices with T1-IR, T1-SE, T2-FFE and T2FlAIR sequences were acquired. A radiologist carried out the anatomic classification and
aetiology (if possible) of patients’ lesions. We selected the patients who had lesions
predominately in the OFC region. We included 18 patients; 4 right, 5 left, 5 bi-frontal
lobe lesion and 4 with left OFC and basal temporal lesions.

Executive functions
The following four tasks were chosen because they are among the most
frequently used executive function measures [43–46]; The Stroop Colour Word Test
(SCWT) [47] measures speed of information processing and the capacity to suppress
automatic response tendencies [2]. An interference measure was calculated by taking
the time on Stroop III divided by Stroop II (STROOP III/II), with higher ratio scores
reflecting greater interference; The Trail Making Test (TMT A, B) measures divided
attention [48]. Part B (Trail B) is considered a measure of cognitive flexibility, alternating
attention, and ability to inhibit a dominant but incorrect response [49]. Calculating the
ratio between Part B and Part A (Trails B/Trails A) is suggested for interpretation of
executive deficits [50]; The Wisconsin Card Sorting Test (WCST) [51] consists of four
key cards and 128 response cards with three perceptual dimensions (colour, form and
number) [52]. This test requires participants to find the correct classification principle
known only to the assessor and measures ‘set-shifting’ with the participant having
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to respond to feedback and shift their sorting rule accordingly [53]. In the current
study, performance on the WCST was measured by scoring the number of categories
achieved and the percentage of non-perseveration errors [52]; Letter fluency (DAT), a
Dutch version of the English FAS, is a phonemic memory task that requires patients to
say as many words as possible beginning with a specific letter (the letters D, A, T are
provided). Items were counted as correct if they met the constraints of the condition
and were not repetitions. The total number of correct words was used in our analysis.

Frontal Systems Behavior Scale (FrSBe)
The FrSBe formerly Frontal Lobe Personality Scale (FLoPS), is a 46-item rating
scale designed to measure frontal behavioural syndromes [54]. It also quantifies
behavioural changes over time by including both baseline (retrospective) and current
assessments of behaviour. The FrSBe includes a Total Score, which is a composite of
three subscales: Apathy, Disinhibition, and Executive Dysfunction. Parallel forms exist
for use by a family member or close caregiver (Family Version) and for self-ratings by
the patient/subject (Self Version). The FrSBe is designed to allow ratings to be made of
recent behaviour, and for comparison, an optional retrospective rating of behaviour
prior to accident, injury, or treatment. We used the total scores of the FrSBe Total as
well as individual subscales for both Self and Family versions. FrSBe total scores of ≥ 65
are considered to indicate significant frontal system functional impairment.

Neuropsychiatric Inventory (NPI-Q)
The NPI-Q is a tool for assessment of psychopathology in patients with
psychiatric disorders [50]. The NPI-Q evaluates the following 12 neuropsychiatric
domains: delusions, hallucinations, agitation, dysphoria, anxiety, apathy, irritability,
euphoria, disinhibition, aberrant motor behaviour, nighttime behavioural disturbances,
and appetite and eating abnormalities. It is administered only to significant others. If
behavioural change is present, the frequency and severity of the behaviour, as well as
emotional strain are determined. Neuropsychiatric symptoms are assessed in terms of
severity on a three-point scale (1-mild, 2-moderate, 3-severe). The total NPI-Q severity
score represents the sum of individual symptom scores and ranges from 0 to 36.

JEF© (The Jansari assessment of Executive Functions)
JEF© [14] is a non-immersive virtual reality assessment that involves the
participant playing the role of an office assistant. Participants read a scenario, which
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describes their role, and they are shown how to navigate around the environment
and then being given time to practice using the assessment. The participant is
given a list of tasks to complete for the office manager who, they are informed, is
out of the building for the day effectively putting them in charge for the afternoon.
In addition to these tasks the participant is also handed a number of memoranda
during the assessment relating to additional tasks or events. In this respect, the tasks
reflect those that would naturally occur in a typical working environment, and rely on
working memory and task switching. Executive functioning is assessed through eight
cognitive constructs: ‘planning’, ‘prioritization’, ‘selection’, ‘creative thinking’, ‘adaptive
thinking’ and three types of ‘prospective memory’ (‘action-based’, ‘event-based’ and
‘time-based’). Participants are required to carry out two tasks for each construct and
their performance on each task is assessed through predetermined criteria and a
corresponding three-level scoring system. Participants receive a score of 0, 1 or 2 for
each task, depending on how successful they are at meeting the requirements of the
task criteria. As an example, for the prioritisation task that requires the ordering of five
agenda items in order of importance, two of these are urgent; to score 2 points, these
items need to be placed in the first and second positions while if only one of them is
placed in these positions, only a 1 can be awarded. If the participant failed to attempt
a task or their performance did not meet the criteria for a 1 (e.g. if in the agenda task
neither of the two urgent items was put in the first two places), then a score of 0 was
given. Scoring was conducted on the full-completed set of anonymized (numerically
coded) data by the test administrator. Performance is scored manually against a strict
protocol on a proforma for which previous studies have demonstrated an interrater
reliability ranging between 0.956 and 1.0 for scoring on individual constructs. In total,
the JEF© task takes approximately 40 minutes to complete. The scores for the two tasks
for each individual construct are then summed and a percentage score calculated for
that construct. An overall performance score is calculated as the mean average of the
eight construct percentage scores.

Statistical analyses
All of our statistical analyses were performed in R, an open source statistical
programming environment [55]. The first aim of the study was investigated with a
logistic regression model that was used to discriminate brain injured patients from
healthy controls, with the average JEF© score as the explanatory variable. The model
was calibrated on accuracy by identifying the optimal cut-off value for group assignment
in the predicted probabilities. The impact of the uncertainty of the accuracy of the
logistic regression model was assessed with a non-parametric bootstrap analysis in
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which the data was sampled 2500 times with replacement and the average accuracy
was calculated over all the iterations. The second aim of the study was investigated by
first plotting all the correlations between the JEF© constructs, measures of executive
functioning and the FrSBe. The package ‘corplot’ was used to plot the correlations in
a correlation plot [56]. We compared to the explained variance of the JEF© constructs
on the measures of executive functioning with the explained variance of the traditional
measures with linear regression models.

Results
The mean score on the patients FrSBe was 107.4 (SD ± 25,1) and for the proxy
107.8 (SD ± 33.1) indicating significant behavioural problems. The NPI has a mean score
of 27.0 (SD ± 25.9). We found a significant difference between the normal controls
(M = 86.89, SD = 6.64) and patients (M = 59.36, SD = 13.56) on the JEF© Average score
(t(21.981) = 8.052, p < 0.0001). The comparison of means of the different constructs is
shown in Figure 1.
Figure 1. Performance on JEF© constructs

* Significance p < .05 ** Significance p < .01 Significance *** p < .001
NC: normal controls. TBI: Traumatic Brain Injury. ABPM: Action-Based Prospective
Memory. EPM: Event-Based Prospective Memory. TPM: Time-Based Prospective Memory.

A logistic regression model with JEF© Average score as the independent
variable (OR = 0.75, 95% CI (0.58-0.86), p = 0.0021) and group membership as the
dependent variable, showed a 92% accuracy in discriminating brain injured patients
from healthy controls (see Table 2). We conducted a bootstrap analysis to assess the
robustness of our result. We resampled our population 2500 times with replacement
and the average accuracy was still 92%.
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Table 2. Sensitivity and specificity of JEF©

JEF©

Tests score Positive

Average Score Test score Negative

Brain injury patients
Positive for Brain Injury Negative for Brain Injury
15
1
3

29

The logistic regression model was calibrated with an ROC analysis in which the
optimal cut-off value in predicted probabilities was assessed for assignment of group
membership. The highest accuracy of 96% was with a cut-off value of 0.351, which
translates to a JEF© Average score of 77.1. Bootstrap analysis of the calibrated model
showed that the average accuracy over the 2500 samples was still 96%. We correlated
all the JEF© subcomponents with the different executive tests and behavioural measures
(see Figure 2).

Executive measures
The JEF© Adaptive score significantly predicted the STROOP scores, β = -.006,
t(16) = -3.44, p = 0.003. The JEF© Adaptive score also explained a significant proportion
of the variance in STROOP scores, adjusted R2 = .39, F(1, 16) = 11.85, p = .003. None of
the other executive measures correlated with JEF© sub-construct scores.

Behavioural measures
Neither the NPI-total nor FrSBe subscales correlated with the JEF© subscales
(Figure 2). Additional analyses, excluding an outlier, showed that the JEF© Average score
significantly predicted the FrSBe EF proxy scores, β = -.71, t(15) = -3.15, p = 0.007. The
JEF© Average score also explained a significant proportion of the variance in FrSBe EF
proxy scores, adjusted R2 = .36, F(1, 15) = 9.93, p = .007. No other significant correlations
were found.
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Figure 2. Correlation Matrix

FrSBe-Apa = Apathy scale. FrSBe-Dis = Disinhibition scale. FrSBe EF = Executive Dysfunction
scale. WCST-PE: Wisconsin Card Sorting test- Perseverative errors. WCST-NPE: Wisconsin Card
Sorting test- Non-Perseverative errors. WCST-CC: Wisconsin Card Sorting test- Categories
Completed. NPI: Neuropsychiatric Inventory. JEF© ABPM; Action Based Prospective Memory.
JEF© EBPM: Event Based Prospective Memory. JEF© EF-TBPM: Time Based Prospective Memory.

Discussion
Our results demonstrate a number of important findings. One of the main
findings is that the Dutch JEF© is able to show that PFC damaged patients score worse
compared to a healthy control sample. JEF© distinguished the healthy controls from
PFC patients with a 92% accuracy, indicating that 92% of PFC damaged patients were
correctly classed and that 8% of the controls were incorrectly classified, which suggests
good sensitivity. We found a Receiver Operating Characteristic (ROC) of 96% with a
cut-off value of a JEF© Average score of 77.1, which is in line with Denmark et al (2017)
who found an accuracy of 83% and a cut-off value of 66.15. Denmark et al (2017) found
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73.7% sensitivity and 89.5% specificity. These results must be interpreted with a bit of
caution, since we were not able to match the healthy controls and patients groups on
different variables (e.g. age, education).
A less expected finding is that the cognitive constructs of JEF© did not correlate
with self-report subscales of the FrSBe or the NPI. Constructs of JEF© were expected
to tap on the OFC functions (e.g. learning and adapting to changing reinforcement
contingencies and decision-making tasks). In the Denmark et al (2017) study, patients
with circumscribed prefrontal lobe lesions, compared to controls, scored significantly
worse on five out of the eight JEF© subscales (e.g. planning, creative thinking, adaptive
thinking, event-based PM and time-based PM) [41]. There was no difference between
groups on the traditional executive tests, except for the TMT-A. The authors concluded
that JEF© specifically captures the more complex processes of the PFC [41]. Given these
results, and the assumption that JEF© is a proven ecologically valid VR measure, our
study did not show any correlation between self-reported behaviour and JEF©. This is
more striking given the fact that these patients were referred to a neuropsychiatric
institute for cognitive-behavioural changes as a result of their PFC injury (e.g. significant
elevated score on the FrSBe). One explanation might that the FrSBe was originally
(theoretically) designed to measure behaviours linked to three frontally mediated
damaged brain circuits; the dorsolateral prefrontal (DLPFC; Executive Functioning),
the anterior cingulate cortex (ACC; Apathy/Akinesia), and the orbitofrontal cortex
(OFC; Disinhibition/Emotional Dysregulation) [57, 58]. Higher scores on the Executive
Dysfunction subscale of the FrSBe suggest cognitive difficulties with sustained attention,
working memory, organization, planning, problem solving and behavioural changes
in self-monitoring of behaviour, and the ability to modify behaviour with feedback.
Elevations on the Apathy index suggest cognitive difficulties with initiation, psychomotor
retardation, and behavioural changes in spontaneity, drive, persistence, loss of energy
and interest, lack of concern about self-care, and/or blunted affective expression.
Finally, elevations on Disinhibition suggest only behavioural changes with inhibition,
impulsivity, and poor social conformity [59]. Based on the above, given the fact that in
our study we only had lesions in the OFC region with some additional temporal lesions,
one might cautiously conclude that JEF© is not able to capture the different cognitive
functions of the OFC simultaneously. In the Denmark et al (2017) study the PFC group
were impaired on five constructs of JEF© (see above), which might suggest that these
five JEF© tasks measure specific functions of the PFC related to learning and adapting to
changing reinforcement contingencies based on rewards and punishment, but not to the
extent that it correlates with behaviour [18, 20]. This is in line with literature that states
that behavioural changes are more frequent in patients with bilateral PFC lesions [60]. In
our study and in the Denmark et al (2017) study there were mainly unilateral PFC lesions
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(e.g. 27% bilateral lesions in our study, 16% in Denmark et al, (2018)). Furthermore, the
lack of correlation might be partially explained by behavioural self-awareness problems
in the PFC group [61]. Impaired self-awareness can be defined as a reduced capacity to
reflect upon cognitive and social-emotional deficits, caused by impaired brain function,
reflected in behavioural changes (i.e. personality changes) [62].
Our results do underlie the ecological validity of the JEF© Average score
in relationship to the FrSBe proxy ratings; the JEF© Average score also explained a
significant proportion of the variance in FrSBe EF proxy scores. This means that JEF©
Average seems to be a good predictor for the FrSBe EF proxy score in a PFC damaged
patient group with different aetiologies. Theoretically, behaviour of the FrSBe EF scale is
more associated with dorsolateral PFC lesions and not lesions in the OFC [59, 63]. Based
on the location of lesions in our study one would expect more behavioural disinhibition,
concretized in subscale FrSBe-Disinhibition. Of note, the correlations between NPI score
and the JEF© subscales did not reach significance, suggesting that neuropsychiatric
symptoms are not related to performance on JEF©. In addition, the traditional executive
functions do not reach a significant correlation with behaviour as measured with the
FrSBe. The only cognitive measure that showed a correlation with JEF© is the Stroop;
we found a significant correlation (p = .003, adjusted R2 = .39) between Stroop ratio
score and JEF© Adaptive subscale. That is, the larger the interference scores the lower
the score on the Adaptive subscale. This is not surprising given the fact that the JEF©
Adaptive thinking subscale, measures the ability to adapt to changing conditions and
therefore corresponds to the functions of the Stroop [38, 64]. In literature the Stroop,
especially the incongruent condition, has been described as measuring the individual’s
ability for cognitive inhibition; the ability to suppress an over-learned response [65, 66].
One could conclude that the suppression of a given assignment is of great importance
in the correct execution of tasks in changing circumstances.

Limitations
While our results are interesting from both a clinical and theoretical perspective, there
are some limitations to the study that need to be acknowledged. Although we selected
prefrontal lobe patients, additional or overlapping lesions may have influenced the
effect on cognitive outcomes. This is particularly true for TBI, which is more likely to
cause not only one distinct anatomical injury but also more diffuse white matter injury,
which theoretically may cause more disruption between regions of the brain [61]. Given
that this is a clinical population we did not have the opportunity to make an exact
distinction of the (overlapping) white matter lesions. Subsequently, the heterogeneity
of the nature of acquired brain injury in our patient sample is high [44]. In addition, we
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administered a Dutch version of the JEF© where our result may be influenced due to a
cultural bias, besides which we were not able to match the healthy controls and patient
groups on different variables (e.g. age, education). The cross sectional design of the
study might have narrowed the range of possible outcomes and decreased variability
among patients. It did not allow us to examine the changes in pre-post brain injury on
cognition and behaviour. Another limitation is high variability in time since injury, as
recovery stage might influence the test results. One can expect that patients with a
more extended period of time since injury might have had more opportunities to enrol
in interventions to enhance cognitive functioning or have learned to compensate for
their deficits.
An additional limitation is that we did not determine the level of behavioural selfawareness in these patients, a reduced capacity to reflect upon cognitive and socialemotional deficits, reflected in behavioural changes (i.e. personality changes [67, 68]. A
final limitation might be the ability of the family member to rate objectively the specific
behaviours of the patient post injury on the FrSBe-subscales. It has been suggested that
family members may give socially acceptable answers [69].

Conclusion
One of the main findings is that a Dutch version of JEF© is able to show that a
PFC damaged patients group (predominantly OFC region) scores worse compared to
a healthy control sample. The results of our study suggest that behavioural changes
following PFC lesions are not related to the executive dysfunctions and the patients
scores on JEF©. Our findings do underlie the ecological validity of JEF© in relationship to
the proxy ratings. Our findings support the conclusion that self-report questionnaires
might not suffice due to alleged behavioural self-awareness deficits, proxy rating are
necessary for a more realistic evaluation of changes in behaviour [61]. To significantly
increase the understanding of the PFC in relation to executive functions and behavioural
disorders, future studies should involve large numbers of patients with well-defined
lesions in the PFC, and integrate standard neuropsychological tests and VR-tests to
capture the multiple cognitive capacities that are necessary for daily activities.
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Abstract
Background. The orbitofrontal cortex (OFC) and dorsomedial prefrontal cortex (dmPFC)
are major subdivisions of the prefrontal cortex (PFC) involved in Theory of Mind (ToM)
and behavioural self-awareness. Lesions of the OFC (Brodmann Area; 10, 11, 12, 47)
are associated with impairment in affective-ToM. Damage to dmPFC (Brodmann area:
8, 9, 10, 24, and 32) is associated with the cognitive aspects of self-reference, including
a consistent view of one’s own behaviour.
Method. We compared three dmPFC-damaged patients (Brodmann Area; 8, 9, 10)
with four OFC (Brodmann Area; 10, 11, 12) damaged patients, and compared them
to a control group (n = 22) on affective- ToM and behavioural self-awareness. Of the
20 patients in the pre-selection, only 7 patients had a lesion in a single sector of the
PFC lesions. We measured behavioural-awareness with the Frontal System Behavior
Scale (FrSBe) subscales. Neuropsychological tests, including social cognitive tests and
questionnaires were administered to patients and controls.
Results. The dmPFC group showed a significant difference with the control group
concerning apathy (χ2(1, N = 25) = 5.319, p = .021). The OFC group differed significantly
(χ2(1, N = 26) = 7.552, p = .006) from the control group concerning the Faux pas empathy
score (affective-ToM).
Conclusion. Both dmPFC and OFC are involved in a complex process of mentalizing with
specific functions in relation to behavioural self-awareness irrespective of cognitive
functioning.
Keywords: OFC damage, dmPFC damage, affective- ToM, behavioural self-awareness,
executive functions
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Introduction
The prefrontal cortex (PFC) has been recognized as a key area for the ‘social
brain’; the ability to recognize and infer content of other minds, to empathize with
others in order to predict future behaviours [1]. This sophisticated capability allows us
to behave in a social appropriate way. The involvement of dorsomedial prefrontal cortex
(dmPFC) and orbitofrontal cortex (OFC) in tasks that explicitly require mentalizing about
social knowledge, Theory of Mind (ToM), including self-awareness processes in relation
to social behaviour has been well established [2–7]. Impaired self-awareness can be
defined as a reduced capacity to reflect upon cognitive and social-emotional deficits,
caused by impaired brain function, reflected in behavioural changes (i.e. personality
changes) [8–12].In addition, self-awareness is associated with an affective ability to take
a different perspective from the self, a skill that is necessary to understand the mental
state of both self and others [9, 13–17].
The dmPFC includes Brodmann areas (BA); 8, 9, 10, 24, and 32 is associated
with self-reference and self-appraisal, including a consistent view of the self and one’s
own behaviour [4, 18]. Neuroimaging studies show that the dmPFC is active during tasks
that require social judgments, adjusting and updating the first initial impression and
comparing oneself to others [19, 20]. In a case study with a patient with dmPFC damage,
it is concluded that the patient was impaired in updating his new self-concept (e.g.
extraversion) based on given feedback [21]. Therefore, some researchers suggest that
damage to the dmPFC is associated with impairment in metacognition and cognitiveToM, mentalizing about thoughts and beliefs of others, and is related to deficits in
behavioural self-awareness [6, 22–24]. These findings are the more striking since
studies also show that patients with dmPFC lesions show no impairment on standard
neuropsychological tests appealing to executive functions [7, 25–27]. On behavioural
level, lesions in the dmPFC are associated with apathy and processes related to drive
[28].
Literature shows that lesions to the OFC, including BA 10, 11, 12 and 47 are
strongly associated with changes in social-affective behaviour, including impairment
of affective- ToM, especially mentalizing about feelings and emotional states of others
(‘affective-ToM’) [6, 29–32]. The study of Shamay-Tsoory (2007) demonstrated that
OFC damaged patients made more errors in affective-ToM compared to patients with
extensive non-OFC lesions. According to the authors these group differences cannot
be explained by executive dysfunctions. Damage to the OFC impairs the generation
of social emotions which leads to the asymmetry between ‘knowing how to behave’
and ‘behaving in an inappropriate way’, which could be characterized as a deficit in
behavioural self-awareness [33, 34]. In a recent study on affective-ToM it was found
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that only damage to the left OFC and bilateral OFC lesions leads to impaired affectiveToM [35]. Lesions in exclusively the right OFC are in general associated with behavioural
disinhibition [26- 36–38].
Where most neuroimaging studies focus on the relationship between
neuroanatomy (e.g. dmPFC, OFC) and aspects of self-referential processes and affective
ToM, the nature of behavioural functioning has not yet been described in empirical
studies. We have chosen to study specific dmPFC and OFC lesions because it is clear
from literature that both structures are involved in the complex process of mentalizing
in relationship to behavioural awareness [2, 39, 40, 14, 41–43]. In the present study,
we have chosen to study three dmPFC-damaged patients (BA; 8, 9, 10) and four OFC
(BA; 10, 11, 12) damaged patients and compare them to a control group (N=22). All
were subjected to a comprehensive neuropsychological test battery, including affectiveToM, and a behavioural- questionnaire. Our main goal in this explorative study is to
determine whether behavioural changes, if present, following dmPFC and OFC lesions
are related to deficits in behavioural self-awareness. We also wanted to know whether
this is associated with deficits in ToM.

Methods
Participants
A total of 7 patients with PFC damage were recruited from the Mental
Health Institute Altrecht (Neuropsychiatry, Vesalius), The Netherlands. All patients
are outpatients and were referred because of neuropsychiatric, social, and/or
neuropsychological difficulties due to acquired brain injury (ABI). The control group
(n = 22) are patients with cognitive complains and were randomly selected based on:
no structural damage and a complete neuropsychological battery. None of the controls
met the criteria of mild traumatic brain Injury (mTBI), no posttraumatic amnesia (PTA)
or loss of consciousness (LOC). The control group had no history of (severe) psychiatry,
epilepsy or neurological impairment and had no structural abnormalities on the MRI/
CT (Magnetic Resonance Imaging/Computerized Tomography). Table 1 presents the
clinical characteristics of the patients and controls. Compared to the controls, no
differences are found with respect to the demographic characteristics. Mean time
between assessment and the brain damage in the PFC group is 14,1 years (SD ± 15,1).
Aetiology of the lesion: traumatic brain injury (TBI) (57.1%), stroke (28.6%) sequelae after
removal of benign primary tumour (14.3%). No significant difference between groups
for level of education, age in year and sexes. None of the patients reported a history
of premorbid chronic psychiatric disorders, neurodegenerative pathology or severe
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drug addiction. All patients were 18 years or older. All patients, including controls,
gave written informed consent to take part in the study. Written informed consent was
obtained from participants and caregivers according to the Declaration of Helsinki, and
local ethics committee approved the study.

Lesion Location
The anatomical location is specified into Brodmann area’s [44]. We used the
following classification; dmPFC, 8, 9 and 10; OFC, 10, 11, 12 and 25. A radiologist carried
out the first anatomic classification and aetiology (where possible) of patients’ lesions.
We selected the patients with predominately classified PFC lesions. An independent
senior (neuro-) radiologist of the VU medical Centre, who is blind to the test results,
classified the location of the focal brain damage according to the Brodmann areas. The
identification of the Brodmann Areas have been performed by using a dedicated atlas
of neuroanatomy. The MRI data of this retrospective study is based on a heterogeneous
dataset including different MRI acquisition parameters (pulse sequences, spatial
resolution, magnetic field strengths). The identification of the lesions was based on
FLAIR and/or T2 weighted sequences. Of the 20 patients in the pre-selection, only 7
patients had lesion in a single sector of the PFC lesions (see Table 2).

Materials and procedure
The existing framework of the standard diagnostic procedures of Mental
Health institute Altrecht (Neuropsychiatry Vesalius) was used. All patients were given
an extensive standard neuropsychological test battery, including questionnaires.
Duration of the standard assessment varied from 2,5 to 5 hr. depending on the severity
of the mental fatigueness. In some cases an additional appointment was required.
Demographic information and injury related information was collected from the patient
file. All tests and questionnaire have been chosen to provide an added value within
the population of care. A full neuropsychological report was provided to the patient.
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Table 1. Means and Standard Deviations of demographic characteristics of prefrontal lobe
patients and controls
Controls
n = 22
Age years
38,4 (11,9)
Sex (%female)
45.5%
Education level
4,9 (1,2)
Time since injury years Aetiology
TBI (%)
Stroke (%)
Tumour (%)
-

Pre –frontal lesion
n=7
39,8 (9,6)
28%
5,1 (0,3)
14,1 (15,1)

p
.778
.438
.497
-

57.1
28.6
14.3

-

*Significant p < .05. Aetiology percentage: distribution of the different aetiologies in the Prefrontal lesion group

Neuroimaging
All patients, including controls, have been subjected to a MRI. If a recent (< 6
month) MRI has been made elsewhere, no additional MRI was requested. In all other
cases a new MRI was made in the University Medical Center, Utrecht (UMCU), the
Netherlands on 3.0 Tesla MRI machine (Philips NT). All patients (n = 7) were given a
new MRI, for the controls 18 new MRI’s were requested. For all patients, sagittal slices
with T1-SE sequence, transversal slices with T2-FLAIR, T2-FFE, T2-SSH-TSE, T2-Dual-TSE
sequence and coronal slices with T1-IR, T1-SE, T2-FFE and T2-FlAIR sequences were
acquired. Given the retrospective concept of this study, it is not possible to exactly
determine the date and the whole range possible differential diagnosis. Most of the
lesions represent focal tissue loss suggestive of secondary due to trauma or primary
vascular ischemic.
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Table 2. Patient’s lesion characteristic
Patient Sex Age in
years
1.
2.
3.
4.
5.
6.
7.

M
M
F
M
M
F
M

40.5
48.2
46.6
41.0
44.5
38.5
19.4

Time since
lesion
years
33.18
17.27
1.11
4.04
36.50
4.82
2.36

Aetiology Side of
lesion

OFC
dmPFC
(BA: 10,11,12,25) (BA: 8,9,10)

TBI
TBI
TBI
Tumour
Stroke
TBI
Stroke

11
10,11,12
10,11
10,11
10

Bilateral
Bilateral
Right
Right
Left
Left
Right

10
10
10
8,9,10
8
9

BA; Brodmann area’s

Theory of Mind
Patients are presented with two different tests to measure affective-ToM. One
verbal task (Faux pas test) and one non-verbal task (Reading the Mind in the Eyes Test,
RMET). For each test, scores proposed by the authors are used.
Faux pas
A Dutch translation of the Faux pas Test is used to assess affective- ToM [45].
The Faux pas consists of 8 short verbal vignettes, chosen from the 20 stories of the
original adult Faux pas [46]. Half of the stories described a situation in which a faux
pas occurred. The stories are read out by the experimenter, with a printed copy of the
stories placed in front of the participants to control for memory load. After reading
each story, the participants were asked: ‘Did someone say something awkward?’
The mental attribution about the feelings of the ‘faux pas victim’ can be seen as a
measure for affective- ToM. The detection and correct identification of the person how
committed the faux pas is considered a measure of cognitive ToM. The maximum score
for both cognitive and affective- ToM is 4 [47]. To score and interpret the answers, the
instructions of Stone et al. (1998) are used. Interrater reliability of the FP is shown to
be high (r = 0.98) [49].
Reading the Mind in the Eyes Test (RMET)
The Dutch translation of the Reading the Mind in the Eyes Test (RMET) is based
on the original English version [49]. The RMET is a ToM task to measure affective- ToM by
the emotion recognition of faces [50]. The RMET consists of 36 photographs showing the
eye region of an equal number of males and females. On each trial, one photograph is
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accompanied with four mental state terms describing complex emotions (e.g. dispirited,
jealous, panicked, and arrogant), presented at each corner of the photograph. The
test is scored by totalling the number of items (photographs) correctly identified by
the participant, i.e. the number of mental states correctly identified. The maximum
total score on the test is therefore 36. Validity has been good [50]. The raw score of
the RMET is used.

Behavioural Self-Awareness
Frontal Systems Behavior Scale (FrSBe)
The FrSBe is a 46-item rating scale designed to measure frontal systems
behavioural syndromes. The FrSBe includes a Total Score, which is a composite of three
subscales: Apathy, Disinhibition, and Executive Dysfunction [51]. Each item is rated on
a one-to-five likert scale, with one indicating ‘almost never’ and five ‘almost always’.
The FrSBe gathers information regarding behaviours from the patient (self-report)
and a significant other and includes a composite score and thee subscales that assess
apathy, disinhibition an executive function. Significant others who completed ratings in
this study were the primary caregivers of the patients. We measured behavioural selfawareness by calculating the discrepancy scores between (subtracting family ratings
from the patients self-rating) the FrSBe subscales [52, 53]. A compound for the total and
sub-scores differences served as the behavioural awareness score. Higher difference
scores indicate more severe deficits of behavioural awareness. The difference score
method is considered a sensitive measurement of deficit in behavioural awareness
after brain injury [54,55].

Cognitive measurements
Executive functions
The most widely used neuropsychological tests of executive functioning are
the Stroop, Trail Making Test (TMT), verbal fluency test and the Wisconsin Card Sorting
Test (WCST) [56].
The Stroop Colour Word Test (SCWT) measures speed of information processing and the
capacity to suppress automatic response tendencies [56, 57]. An interference measure
is calculated by taking the time on Stroop III divided by Stroop II (STROOP III/II), with
higher ratio scores reflecting greater interference.
The Trail Making Test (TMT A- B) measures divided attention [58]. Part B (Trail B) is
considered a measure of cognitive flexibility, alternating attention, and ability to inhibit
a dominant but incorrect response [59]. Calculating the ratio between Part B and Part
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A (Trails B/Trails A) is suggested for interpretation of executive deficits and eliminating
the influence of visual and motor abilities on performance [60].
The Wisconsin Card Sorting Test (WCST) consists of four key cards and 128 response
cards with three perceptual dimensions (colour, form and number) [61]. This test
requires participants to find the correct classification principle. This task measures
specifically ‘set-shifting’ [62]. In our study, performance on the WCST is measured by
scoring the number of categories achieved (CC) and the percentage of perseveration
errors (PE) [61].
Letter fluency (DAT) is a phonemic memory task that requires patients to say as many
words as possible beginning with a specific letter (the letters D, A, T are provided) [63].
Items were counted as correct if they met the constraints of the condition and were
not repetitions. This test mainly measures switching to another letter or category group
and is said to be associated with frontal lobe damage [55]. Patients are instructed not
to use people’s names, places and numbers or to name sequences of words with the
same prefix (e.g. superman, supercars, and supermarket). Letter fluency performance is
based on the number of correct items produced by the participants. The total number
of correct words was used in our analysis.

Depression
The BDI-II– The Beck Depression Inventory was administered for depressive
symptomology. The BDI-II is a 21-item self-report questionnaire that measure severity
of depressive symptoms [65]. The total score of the BDI-II was used in our analysis. We
administered the BDI-II to rule out the possibility of cognitive deficits resulting from a
possible depression.

Data-analyses
All analyses were performed using IBM SPSS Statistics 22.0 (IBM Corp.,
Armonk, New York). For all statistical tests, the overall alpha level was set at 0.05.
Mann-Whitney U Tests was used for the comparison between total PFC group and
controls with additional effect sizes (r = Z / (√N)). For de between group comparison
(OFC, dmPFC, Controls) the non-parametric Kuskal – Wallis test is used

Results
The mean score on the BDI-II for controls is 24,8 (SD ± 12,1) and for the PFC
group 24,5 (SD ± 10,8) indicates moderate to severe depressive symptoms. A between101
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group comparison (Mann-Whitney U tests) for the patients and controls for the BDI
showed no difference (U = 65.000, Z = -.056, p = .955). Table 3 shows the means and
standard deviation (SD) and between-groups comparison (Mann-Whitney U tests) for
affective- TOM, the FrSBe for the patients and controls. The total PFC group performs
significantly worse compared to controls on the empathy question of the Faux pas
(U = 23.000, Z = -2.95, p = .003, r = 0.61).
Table 3. Means and Standard Deviations of ToM and FrSBe for the total PFC group and controls

Faux pas
Empathy
RMET
FrSBe discrepancy scores
Total
Apathy
Dysexecutive
Disinhibition

Controls
n = 22
3.36 (0.65)

PFC lesion
n=7
2.14 (0.89)

U

Z

p

r

23.000

-2.95

.003*

0.61

22.68 (5.54)
-2.77 (23.3)
-2.09 (10.2)
0.27 (9.4)
-2.18 (8.9)

24.00 (4.74)
6.43 (40.9)
4.29 (17.8)
7.57 (11.1)
2.71 (6.4)

67.000
61.000
63.500
43.500
50.500

-0.51
-0.81
-0.69
-1.71
-1.35

.609
.414
.491
.087
.176

0.12
0.05
0.07
0.33
0.03

*Significant p < .05

Cognitive and Affective- ToM
The assumption of homogeneity of variance was tested using a nonparametric levene’s test and found tenable. Kruskal-Wallis Test shows that there is a
statistically significant difference on the Faux pas empathy score between groups, χ2(2,
N= 29) = 9.429, p = .009, with a mean rank empathy score of 5.12 for the OFC group,
10.17 for the dmPFC group and 17.45 for the controls (Table 4).
Table 4. Affective-ToM between OFC & Controls
Test Statisticsa,b
Chi-Square
a. Kruskal Wallis Test
b. Grouping Variable: OFC, dmPFC, Controls

Total
7,552
.006*

Total score RMET
1,836
.175

*Significant p < .05

Post hoc comparisons indicated that the mean score of the empathy question
of the Faux pas is significantly different between the OFC group and controls, χ2(1,
N = 26) = 7.552, p = .006. With a mean rank empathy score of 4.50 for the OFC group and
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15.14 for the controls. No other significant differences are found between the dmPFC
group, OFC group and controls.
Behavioural Self-Awareness
The assumption of homogeneity of variance was tested using a non-parametric
levene’s test and found tenable. A Kruskal-Wallis Test shows that there is a statistically
significant difference between groups for the discrepancy score of apathy; χ2(2,
N = 29) = 6.028, p = .049, with a mean rank for apathy of 10.38 for the OFC group,
25.67 for the dmPFC group and 14.39 for the controls (Table 5).
Table 5. FrSBe discrepancy scores between dmPFC & Controls
Test Statisticsa,b
Chi-Square

Total
,175
.676

Apathy
5,319
.021*

Disinhibition
1,683
.195

Dysexecutive
3,396
.065

a. Kruskal Wallis Test
b. Grouping Variable: OFC, dmPFC, Controls
*Significant p < .05

Post hoc comparisons indicated that the mean score for the discrepancy score
of apathy is significantly different between the dmPFC group and controls, χ2(1,
N = 25) = 5.319, p = .021. With a mean rank score of 22.17 for the dmPFC group and
11.75 for the controls. No other significant differences are found between the dmPFC
group, OFC group and controls for the discrepancy scores of the FrSBe.
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Table 6. Cognitive measures between patients and controls
Test Statisticsa,b

Stroop Ratio TMT Ratio score
score
Chi-Square
.632
2.157
df
2
2
Asymp. Sig.
.729
.340
a. Kruskal Wallis Test
b. Grouping Variable: OFC, dmPFC, Controls

Letter Fluency

WCST (PE)

2.274
2
.321

1.459
2
.482

WCST
(CC)
3.556
2
.169

df: degree of freedom; Asymp. Sig: asymptotic significance. Significant p < .05
Cognitive measures
The assumption of homogeneity of variance was tested using a non-parametric
levene’s test and found tenable. The Kruskal-Wallis Test shows no significant difference
between groups for the cognitive measures.
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Discussion
As far as we know, this is the first study that specifically compared structural
dmPFC and OFC lesions due to ABI on measures of behavioural self-awareness and
ToM in a clinical outpatient group. A major finding of our study is that we did find
significant differences for the behavioural self-awareness level between groups on the
apathy discrepancy score of the FrSBe. The mean discrepancy score of the dmPFC
group is significantly higher (mean rank 25,67), suggesting impaired behavioural selfawareness / overestimation of one’s own behaviour. Our result shows that patients
with dmPFC lesions do not report symptoms of apathy based on self-report whereas
the proxy ratings do confirm severe apathy. This finding confirms that lesions to dmPFC
(particularly the anterior cingulate cortex; ACC) are associated with self-awareness
problems concerning apathy [6]. Recent studies suggest that the anterior parts of
BA-10, as part of the dmPFC, is related to metacognition, including cognitive-ToM and
self-knowledge and that its posterior part, as part of the OFC, is believed to play a
coordinating role in affective-ToM [6, 22, 66]. One could suggest that damage to dmPFC
disrupts a system that is involved in mechanisms that enables us to switch attention
from external to intern self-representations [6, 66]. Given the fact that we did not find
any deficits in cognitive-ToM in de dmPFC group might suggest more posterior lesions
of the BA-10 in our group.
A second major finding is that the OFC group made more errors on the empathy
question of the Faux pas (affective- ToM) compared to controls and patients with dmPFC
lesions. In line with literature we found that damage to the left OFC and bilateral OFC
are more affected on affective ToM, a total of 60% left, bilateral sided OFC lesions in
our study is in line with these findings [35]. In another study investigating emotional
perspective taking, a task similar to affective- ToM, it was found that BA-11 (part of the
OFC) is crucial for empathic processing [67]. In our OFC group 4 out of 5 have BA-11
damage. Theories state that the OFC is implicated with the ‘somatic marker’ [68]. This
theory suggest that social decision-making is a process influenced by the amygdala and
OFC, by marking input with a ‘somatic marker’ [68]. This might suggest that OFC patients
do not experience a somatic marker in making empathic reactions (affective- ToM).
Besides the fact that lesions in the right OFC are in general associated with behavioural
disinhibition, a recent review on clinical case studies following OFC lesions concluded
that affective-ToM is not specifically associated with behavioural changes [26]. In line
with these findings this might explain why we did not find behavioural self-awareness
deficits compared to dmPFC and controls. Given the mean time since the dmPFC and
OFC lesions (14.1 years) one might conclude that some have learned to compensate
for their behavioural changes [15]. For the Reading The Mind in The Eyes test (RMET)
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we did not find a significant difference between groups. A possible explanation for this
finding is that fMRI studies on the RMET shows increased activation in the dorsolateral
prefrontal cortex (DLPFC), suggesting more cognitive processes in identifying emotions
based on only the eyes [69–71].
A final finding of our study is that we found no cognitive dysfunctions, including
executive functions, between groups. Much of what is known about neuropsychology
is based on patients with DLPFC dysfunctions, which is mainly involved in cognitive
functions, in particular executive functions [72, 73]. Complex higher order cognitive
functions of the PFC such as learning and adapting to changing reinforcement
contingencies, behavioural-monitoring, decision making and social processing and
affective-ToM does not coincide with standard neuropsychological functions [74].
Neuropsychological assessment of the OFC and dmPFC requires an integrative approach
and must be augmented with MRI- data, tests that are sensitive to the OFC and dmPFC
with proxy ratings on behavioural level [7]. Indeed, part of the remaining puzzle is
explaining the behavioural problems experienced by dmPFC-OFC damaged patients in
real-life given their normal score on neuropsychological [7].

Limitations
There are limitations that need to be addressed. First, the number of patients
with OFC and dmPFC lesions was limited. Bedsides, patients 2, 3, 4 and 5 had an overlap
in BA-10. Despite the fact that literature agrees on the BA of the different PFC areas, this
might have influenced the results. Although we grouped our patients in OFC and dmPFC
the heterogeneity of the nature of acquired brain injury in our patient sample is high.
TBI is more likely to cause not only one distinct anatomical injury but also more diffuse
white matter injury, which theoretically may cause more disruption between regions
of the brain. The cross-sectional design of the study might have narrowed the range of
possible outcomes. The high variability in time since injury might have influenced the
test results. One can expect that patients with a more extended period of time since
injury might have had more opportunities to learn to compensate for their deficits
[15]. A final limitation is the use of the discrepancy scores as index for behavioural
self-awareness. The limitation of this method is that the validity of this score depends
on the ability of the family member to rate objectively the functioning of the patient
post injury. It has been suggested that family members may give socially acceptable
answers or even deny disability [75].
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Conclusions & recommendations
The present results are unique in itself because it describes outpatients with
specific PFC damage due to ABI in a chronic phase. Not be able to empathize with
others is due to specific OFC lesions whereas a lack of behavioural awareness seems
to be due to dmPFC lesions, irrespective of cognitive functioning. Both structures are
involved in a complex process of mentalizing with specific functions. Neuropsychological
assessment must be augmented with MRI- data, test that are sensitive to the dmPFC,
OFC and with proxy ratings on behavioural level for an integrative approach. These
findings should be taken into account in the aftercare of patients with dmPFC and OFC
lesions. Chances are that these patients, similar to the patients in the present study, end
up in neuropsychiatry due to their deficits in behavioural self-awareness and affective
processing. This social disability should be recognized and should lead to appropriate
counselling provided by caregivers.
.
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Abstract
Background. A Amygdalohippocampectomy (AHE) is the resective surgery for medically
intractable mesial temporal lobe epilepsy. To date no study has investigated a wide
range of neuropsychiatric symptoms in right AHE outpatients.
Methods. Three patients with right AHE participated in this study. The control group
are patients with cognitive complaints with no history of epilepsy or neurological
impairment and no structural abnormalities on the MRI/CT. We expected no difference
in verbal memory compared to the controls. Concerning affective Theory of Mind (ToM)
we expect a difference between controls and AHE patients. In terms of behaviour it is
expected that coping and behavioural questionnaires do not significantly differ between
AHE and controls, but that proxies of AHE patients do report more behavioural/
psychiatric symptoms.
Results. No significant difference was found between groups concerning the cognitive
functions. For affective ToM we did find a significant difference (p = .044). A significant
difference for the use of more reassuring thoughts (p = .006) and a trend for less passive
reactions on the coping questionnaire, suggesting an ‘active coping style’. Overall, AHE
patients report fewer problems the self- reported questionnaires. Proxies of the AHE
patients reported a trend for more behavioural disinhibition compared to proxy ratings
of the control group.
Conclusion. Right AHE patients underestimate their behavioural and emotional changes
due to self-awareness deficits. Ratings of significant others are of immense importance
for the detection of psychiatric and behavioural problems. Lesions in the amygdalaorbitofrontal cortex connection disrupt the emotional network, which might explain
our results.
Keywords: amygdalohippocampectomy, affective-ToM, cognition, behavioural
symptoms, psychiatry
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Introduction
One of the most successful treatments for medically intractable mesial temporal
lobe epilepsy is resective surgery, an amygdalohippocampectomy (AHE), resulting in
seizure freedom for more than 70% [1]. Verbal memory problems are most commonly
(22-63%) seen in left-sided AHE due to the crucial role of the hippocampus for verbal
memory [2, 3]. In addition, reduced language comprehension and fluency have also
been observed [4]. After AHE a good outcome after 1 year for attention, verbal memory
and a composite of total neuropsychological performance has been reported [5, 6]
Overall, patients with a right AHE show better improvement on cognitive tests [7–10].
Some suggest that this improvement on cognitive function after right AHE is due to
the activation of the left hippocampus [11]. This is in line with studies that suggest a
lateralization of the amygdala-hippocampus complex in processing both cognitive and
affective information, where the left side processes verbal information and the right
side visually stimuli [12, 13].
The assumption is that the cognitive and affective deficits as a result of AHE
are related to behavioural changes, e.g. inflexible behaviour, upbeat mood [14, 15].
The most commonly reported psychiatric disorders after AHE are recurrent depression,
anxiety, and sexual changes [16–18]. In contrast, recent studies show a decrease of
postsurgical psychiatric symptoms (e.g. anxiety and depression) after AHE [19–21].
In a large study on postsurgical psychiatric symptoms after Temporal Lobe epilepsy
(TLE), both left and right, a decrease was found for depressive symptom and anxiety
and an increase for hypomania [17]. Presurgical psychiatric disorders do not worsen
postsurgical [17]. The severity of depressive symptomatology appears to be more
evident in left sided AHE patients compared to right [22]. Right AHE patients are less
precise in their perception and interpretation of emotional cues [19]. Some suggest
that ratings of significant others, in absence of psychiatric symptoms, are therefore of
great importance for the detection of psychiatric and behavioural problems following
an AHE [23].
Recently, studies have focused on the social – emotional dysfunctions after a
AHE in relationship to psychiatric symptoms and behaviour [8, 24]. The amygdala has
been associated with processing affective and socially emotionally relevant information,
including Theory of Mind (ToM) [25, 26]. ToM refers to mentalizing about thoughts
and beliefs of others (‘cognitive ToM’), as well as mentalizing about feelings and
emotional states of others (‘affective ToM’) [27]. Lesion studies provide evidence for
an involvement of both amygdala in affective-ToM [15]. In a rare case study of a right
AHE patient with ‘hyper-empathy’ showed an increased ability to read the mental states
of others, reflected in normal to higher (e.g. better) scores on a test of affective-ToM.
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Of note, the patient did not experience any emotion [8]. The authors suggests that
this hyper ability to understand the feelings of another person is based on cognitive
empathy due to the absence of the emotional- affectively laden interference of the
amygdala. A right AHE disrupt the emotional empathy cerebral network, including the
orbital and medial prefrontal cortex, which allows us to ‘feel’ the emotions of others [8].
In reaction to emotionally salient stimuli patients with right amygdala lesion show lower
skin conductance and have an reduced startle response compared to left [28]. In line
with these findings, a recent study found that lesions of the right uncinate fasciculus,
a white matter connection between, among others, orbitofrontal cortex (OFC) and
amygdala, disrupts the emotional empathy network [29]. This might suggest that the
AHE patients are not hindered by a somatic marker in making empathic reactions
(affective ToM) [30]. A somatic marker is induced by potentially harmful decisions,
a peripheral autonomic response (e.g. skin conductance, heart rate, smooth muscle
contraction), which is experienced as a feeling and used to guide decisions in a positive
direction [31]. It has been suggested that damage to the OFC and amygdala connection
is associated with deficits in emotional processing and aberrant behaviour [32].
Where most studies focus on the relationship between cognitive decline and
social cognitive deficits after AHE postsurgical psychiatric symptoms, the nature of
behavioural functioning have not yet been described in empirical studies. In particular
we have chosen to study right AHE patients because it is clear from literature that they
show less cognitive deficits, show more affective-ToM deficits and therefore might
show more behavioural problems (e.g. inflexible behaviour, cheerful). In the present
study, three chronic right-AHE outpatients, and 20 controls, were subjected to a broad
neuropsychological test battery and several behavioural-psychiatric questionnaires,
including proxy ratings. All patients were referred to our neuropsychiatric department
of the Mental Health Institute Altrecht by a proxy because they could no longer
cope with the profound changes in their behaviour. As far as we know this is the first
explorative study that compared right AHE patients to controls on cognitive measures,
social cognition tasks, behavioural and psychiatric questionnaires, including proxy
rating. Our main goal is to define the characteristics of the behavioural problems and
whether cognitive deficits, if present, are associated with behavioural problems.

Patient and Methods
Participants

Three patients (two female, one male) with right AHE participated in the
present study. All had focal Temporal Lobe Epilepsy (TLE) and were right handed.
Preoperative cognitive and psychiatric information is lacking. In order to in- or
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exclude additional cerebral causes for the neuropsychiatric symptoms an MRI was
made. The control group (nine females, eleven males) are patients with cognitive
complains and were randomly selected based on no structural damage and a complete
neuropsychological battery. None of the controls met the criteria of mild traumatic
brain Injury (mTBI), no posttraumatic amnesia (PTA) or loss of consciousness (LOC).
The control group had no history of psychiatry, epilepsy or neurological impairment
and had no structural abnormalities on the Magnetic resonance imaging (MRI) or
Computed tomography (CT). This gave us 20 controls. See Table 1 for an overview of the
demographic data. Patients and controls were recruited via the Mental Health Institute
Altrecht (Neuropsychiatry, Vesalius). Patients were subjected to an extensive diagnostic
procedure including brain imaging, psychiatric evaluation, extensive neuropsychological
assessment, social cognition tasks and behavioural and psychiatric questionnaires.
Written informed consent was obtained from participants and caregivers according to
the Declaration of Helsinki, and local ethics committee approved the study. During the
diagnostic procedure the patient’s wellbeing and request for help always outweighed
the collection of data.
Table 1. Means and Standard Deviations of demographic characteristics for AHE patients and
controls

Age*

Patient 1 Patient 2 Patient 3



36
44
54

Education**

12

Post-Operative 9.76
Time***

16

12

3.67

5.55

Mean patients
n=3
μ 45
σ 9.02
μ 13
σ 2.31
μ 6.32
σ 3.11

Mean controls
n = 20 (45 % Female)
μ 44.10
σ 9.58
μ 14.45
σ 2.94

* Age in years, calculated for each patient. ** Education level in years, calculated for each patient
using the Verhage-classification (Verhage, 1964). Means (μ) and standard deviations (σ) are
presented for both groups. *** Years post-operative
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Figure 1. MRI of patients
Patient 1

Patient 2

Patient 3

T2-FLAIR weighted MRIs showing sagittal (patient 1 & 2) slices of the right
amygdalohippocampectomy: T1-weighted MRI shows coronal (patient 3) right
amygdalohippocampectomy. Sagittal T2- FLAIR of patient 3 was not available.

Psychiatric evaluation
Patient 1
She was referred to the neuropsychiatric department of Altrecht for impulsive,
rigid, disinhibited and suspicious behaviour. Psychiatric evaluation (2014); no psychotic
symptoms, no depression, no suicidal tendencies, cognitive complaints (memory),
no obsessive-compulsive behaviour, no anxiety. She acknowledges having a somatic
disease but indicates not to have changed in behaviour due to the AHE. Behavioural
problems (e.g. aggression) after her first epileptic seizures for which she had psychiatric
treatment. The years before her surgery there were no psychiatric problems.
MRI: Status post-amygdalohippocampectomy right, characterized by a porencephalic
cavity anterior temporal right. There is some gliosis in the adjacent structures.
Patient 2
Psychiatric evaluation (2012); no psychotic symptoms, no depression, no
suicidal tendencies, cognitive complaints (memory), no obsessive-compulsive behaviour,
no anxiety. Is very optimistic and cheerful, rigid in thinking. Husband indicates that she
is disinhibited, easily aggressive en agitated, has become very associative. No premorbid
psychiatric disorders, she was a friendly and cheerful woman.
MRI: Status post-amygdalohippocampectomy right. Some gliosis along the edge of the
resection cavity.
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Patient 3
Psychiatric evaluation (2012); no psychotic symptoms, no depression, no
suicidal tendencies, cognitive complaints (memory), no obsessive-compulsive behaviour,
talkative, no anxiety. Wife indicates that her husband is disinhibited, easily aggressive en
agitated. Reduced self-awareness concerning his behaviour. No premorbid psychiatric
disorders or psychological distress. Patient has its own business (hairdresser), epileptic
seizures never led to problems at work.
MRI: Status post-amygdalohippocampectomy right. The hippocampus is completely
removed. There is minimal gliosis.

Brain imaging
Structural MRI scans (standard protocol) were obtained from the three
patients who underwent surgery (the AHE group) and from the controls. The design of
this study, cross-sectional with a clinical population, has restricted us (due to health
insurance regulations) to apply for additional T1 three-dimensional (3-D) volume MRI’s.
We obtained a MRI’s with a standard protocol. The AHE group did not show additional
structural lesion. Controls did not show structural lesions on brain imaging. MRI’s were
made in the University Medical Center Utrecht (UMCU), the Netherlands, on 3.0 Tesla
MRI machine (Philips NT). For all patients, sagittal slices with T1-SE sequence, transversal
slices with T2- FLAIR, T2-FFE, T2-SSH-TSE, T2-Dual-TSE sequence and coronal slices with
T1-IR, T1-SE, T2-FFE and T2-FlAIR sequences were acquired.

Cognitive & Behavioural assessment
Attention - Directed attention is measured by the Stroop Colour Word test
[33]. An interference measure is calculated by taking the time on Stroop III divided by
Stroop II (STROOP III/II), with higher ratio scores reflecting greater interference. The
Trail Making Test (TMT) is a measure for divided attention and mental flexibility [34–36].
Calculating the ratio between Part B and Part A (time on trial B / time on trial A) is
considered a measure of mental flexibility and is considered an indicator of executive
deficits [36, 37]. Score higher than three indicates difficulties with mental flexibility
[38]. Memory - Working memory was measured with the subtest Digit Span of the
Wechsler Adult Intelligence Scale III-NL (WAIS-III) [39]. Digit Span forward us associated
with short-term memory. We used the total number of correct items backwards as
a measure for working memory. Dutch version of the Rey Auditory Verbal Learning
Test (RAVLT) is used to measure verbal memory [40]. Total correct on the immediate
recall (range between 0 and 75) and the number of correct words on the delayed
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recall and recognition was used as a measure for memory. Executive Functioning (EF) Executive functioning is measured using the Wisconsin Card Sorting Test (WCST) [41].
This test requires patients to find the correct classification principle. This task measures
specifically ‘set-shifting’ [42]. The number of categories achieved and the amount or
percentage of perseverative errors made - that is, the amount of times the patient holds
on to a no longer valid category - are commonly used in the interpretation of WCST
performance [43]. In our study, performance on the WCST was measured by scoring
the overall measurement of cognitive flexibility, the number of categories achieved and
the percentage of perseveration errors.
Faux pas-test- the Faux pas test consists of 8 short verbal stories chosen from the 20
stories of the original adult Faux pas, that either did include a faux pas (4 stories), or
did not include a faux Pas (4 stories) [44]. The mental attribution about the feelings
of the ‘faux pas victim’ can be seen as a measure for ‘affective ToM and is considered
to be a measurement of the ability of a the patient to empathize with the faux pas
victim [45]. The maximum score for both cognitive and affective ToM is 4. To score and
interpret the answers, the instructions of Stone et al. (1998) are used. QuestionnairesSymptom Checklist-90 (SCL-90); Utrechtse Coping List (UCL); Frontal Systems Behavior
Scale (FrSBe), completed by the patients and by a proxy; the Neuropsychiatric Inventory
(NPI) filled in by a proxy. All patients, including proxies, gave written informed consent
to take part in the study.

Statistical Analysis
Mann-Whitney U tests (exact significance) were used for group differences.
The alpha levels were adjusted for multiple comparisons using the Bonferroni correction
(p < 0.01). Effect sizes (r = Z / (√N)) were calculated; 0.1 is small, 0.3 is medium and >
0.5 is large.

Results
Neuropsychological tasks
For an overview all reported statistics of the cognitive tests, see Table 2. No
difference was found for cognitive functions after the Bonferroni correction. However,
scores on the forward condition of the Digit Span task showed a large effect size
(U = 9.500, Z = -1.962, p = .050, r = .57) between the AHE group and the control group.
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Table 2. Overview of the results of the neuropsychological tests for AHE patients and controls
Test
TMT
Stroop
Digit Span Total
Forwards
Backwards
RAVLT
Total
Recall
Recognition
WCST
Pers. Error
CC

M (SD)
AHE Control
1.9 (0.6)
1.9 (0.5)
1.5 (0.0)
1.6 (0.5)
18.6 (3.7)
14.9 (4.1)
7.0 (1.0)
5.6 (1.0)
6 (1.0)
4.7 (1.4)
39.3 (14.0) 45.0 (9.1)
7.6 (4.0)
9.7 (2.9)
27.3 (3.0)
28.4 (2.6)
15.0 (9.5)
13.3 (8.2)
5.0 (1.7)
5.2 (1.6)

U

Z

p

p**

r

39.000
22.500
16.000
9.5000
13.500
24.000
18.000
21.500
28.000
27.500

-.092
-.575
-1.285
-1.962
-1.563
-.548
-1.105
-.840
-.183
-.297

.927
.566
.199
.050*
.118
.584
.269
.401
.855
.767

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

.00
-.14
.43
.57
.47
-.23
-.28
-.19
.01
-.00

* Significance p < .05 ** Significance with Bonferroni correction p < .01

Faux pas Test
Results of the Faux-pas tasks are presented in Table 3. The detection and
understanding of a Faux pas showed no difference. However, a significant difference
is found regarding the ability to empathize (p = .044) with a large effect size (r = -.68).
Table 3. Overview of the results of the Social cognition tests for AHE patients and controls
Test

M (SD)
AHE

Faux pas Detection
7.3 (1.1)
Understanding 3.3 (1.1)
Empathy
1 (0.0)

U

Z

p*

r

27.000
29.000
9.000

-.296
-.105
-2.018

.767
.916
.044*

.00
-.11
-.68

Control
7.3 (0.8)
3.5 (0.7)
2.3 (1.0)

* Significance p < .05

6

Questionnaires
Table 4 shows an overview of the test statistics for the Symptom Checklist-90
(SCL-90). No difference was found between AHE patients and controls after the
Bonferroni correction. AHE patients report less symptoms on; Anxiety (U = 7.500,
Z = -2.062, p = 0.39, r = -.59), Depression (U = 8.000, Z = -2.011, p = .044, r = -.63),
Obsession-compulsion (U = 6.000, Z = -2.195, p = .028, r = -.67), Hostility and Neuroticism
(U = 6.000, Z = -2.191, p = .028, r = -.64).
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Table 4. Overview of the results of the Symptom Checklist-90 for AHE patients and controls
Subscales
Anxiety
Phobic anxiety
Depression
Somatization
Obsession-compulsion
Paranoid ideation
Hostility
Sleeping disorder
Other
Neuroticism

M (SD)
AHE
Control
11.6 (2.8)
20.9 (8.5)
8.0 (1.7)
13.2 (7.7)
24.0 (5.1)
42.6 (15.3)
19.0 (5.5)
28.0 (10.3)
15.6 (5.6)
28.2 (8.2)
29.0 (13.0)
41.4 (13.9)
7.6 (1.5)
11.2 (3.9)
4.6 (2.8)
8.8 (2.9)
13.6 (4.0)
17.4 (4.9)
133.3 (22.8) 211.1(60.6)

U

Z

p

p**

r

7.500
16.000
8.000
12.000
6.000
16.000
12.000
9.000
16.500
6.000

-2.062
-1.307
-2.011
-1.645
-2.195
-1.279
-1.653
-1.936
-1.238
-2.191

.039*
.191
.044*
.100
.028*
.201
.098
.053
.216
.028*

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

-.59
-.42
-.63
-.48
-.67
.42
-.52
-.59
-.39
-.64

* Significance p < .05 ** Significance with Bonferroni correction p < .01

UCL- Coping questionnaire
Regarding the coping style a significant difference, after Bonferroni correction,
was found on Reassuring thoughts (U = .0000, Z = -2.761, p = .006, r = .81). See Table
5. AHE patients used significantly more reassuring thoughts in stressful situations
compared to the controls. Larger effect sizes are found for Avoidance (U = 9.000,
Z = -1935, p = .053, r = -.55). A trend was found for Passive Reactions (U = 3.500,
Z = -2.438, p = .015, r = -.67). AHE patient are more inclined to actively solve a problem
(U = 12.500, Z = -1.603, p = .109, r = .54) compared to controls.
Table 5. Overview of the results of the Utrechtse Coping List for AHE patients and controls
Subscales

M (SD)
AHE
Control
Active problem solving 20.0 (2.6) 15.4 (4.6)
Palliative Reactions
20.3 (6.0) 17.5 (3.1)
Avoidance
15.3 (2.3) 19.9 (4.3)
Seeking Social Support 15.3 (4.1) 11.2 (3.4)
Passive Reactions
10.0 (2.6) 15.4 (3.3)
Expression of Emotion 7.0 (2.6)
6.0 (2.3)
Reassuring thoughts
17.0 (1.7) 10.7 (2.7)

U

Z

p

p**

r

12.500
21.000
9.000
12.500
3.500
21.500
.0000

-1.603
-.828
-1.935
-1.609
-2.438
-.784
-2.761

.109
.408
.053
.108
.015*
.433
.006*

ns
ns
ns
ns
ns
ns
.006**

.52
.28
-.55
.47
-.67
.20
.81

* Significance p < .05 ** Significance with Bonferroni correction p < .01
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Frontal System Behavior Scale- FrSBe
As for the behavioural questionnaires, results of the FrSBe are presented in
Table 6. This Table shows the test results for the patients (self-rating) scores and the
proxy scores of each subscale. Regarding the self-rating patients scores, a trend is
found for less Executive dysfunction (U = 6.500, Z = -2.149, p = .032, r = -.64), and less
Apathy (U = 3.500, Z = -2.424, p = .015, r = -.71). Additionally, a trend is found for the
total score (U = 4.500, Z = -2.329, p = .020, r = -0.70). Noteworthy, the proxy scores do
not reach the levels of significance. For the proxy ratings, no significant difference was
found between the AHE group and the control group.
Table 6. Overview of the results of the FrSBe for AHE patients and controls
Subscales

M (SD)
AHE
Control
Apathy
25.3 (2.5) 40.3 (10.1)
Disinhibition
25.6 (4.5) 30.9 (7.0)
Executive Dysfunctioning 31.3 (11.7) 50.1 (10.8)
Total
82.3 (15.9) 121.1 (22.8)

U

Z

p

p**

r

3.500
16.000
6.500
4.500

-2.424
-1.282
-2.149
-2.329

.015*
.200
.032*
.020*

ns
ns
ns
ns

-0.71
-0.41
-0.64
-0.70

* Significance p < .05 ** Significance with Bonferroni correction p < .01

Neuropsychiatric Inventory-NPI
On the NPI questionnaire proxies of the AHE patients reported more
behavioural disinhibition (U = 1.000, Z = -2.521, p = .012, r = .89) compared to proxy
ratings of the control group. A large effect size was found for less Apathy (U = 9.000, Z
= -1.244, p = .214, r = 0.51).

Discussion
In the present study the neuropsychiatric outcome of three chronic right AHE
outpatients were compared with 20 controls on a broad neuropsychological test battery
and behavioural questionnaires. The main finding is that AHE patients show behavioural
problems, in particular rigid behaviour, without cognitive deficits. In line with the
literature, no cognitive deficits were found compared to the controls [7]. A large effect
size was found (r = .57) for an increased capacity of digit sequences forward for the
AHE patients. A study on bilateral amygdala damage concluded that an increase in
reproducing digit sequences forward might be due to a loss of suppression of bottom-up
amygdala signals by the prefrontal cortex. This reduced functional connectivity between
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the amygdala and OFC might lead to a ‘better’ performance of the prefrontal cortex
[46, 47]. Concerning social cognitive tasks we did not find a significant difference in the
detection and understanding of a Faux pas (cognitive-ToM), but did find a significant
difference in affective- ToM between groups (p = .044) [15, 48]. Literature is still unclear
on the role of the left and right amygdala-hippocampus on ToM in general, where
it is carefully suggested that emotional verbal information might be more processed
in left amygdala-hippocampus and affective information more in the right amygdalahippocampus [12, 15, 26]. Future studies should further investigate the role of a left
and right AHE on different cognitive and affective ToM tasks.
A less reported finding in literature is the significant difference between
right AHE patients and controls for the use of more reassuring thoughts on the UCL.
Together with the near significant difference for less passive reactions (p = .015) and
the large negative effect sizes for active problem solving (r = .52) and less avoidance
(r = -.55) this can be labelled as an ‘active coping style’. In line with literature right
AHE patients have a tendency to report overall less psychiatric symptoms (SCL-90) and
behavioural problems (FrSBe) on all the questionnaires, whereas the proxies do report
more disinhibition on the NPI (r = .89) [17, 19]. Our findings support the conclusion that
self-report questionnaires might not suffice due to alleged behavioural self-awareness
deficits [23]. In line with our results literature suggests that an impaired affective- ToM
reasoning is strongly related to impaired self-awareness [49, 50]. The OFC –amygdala
connection is associated with the estimation and value of a social outcome [32]. The
disability to change specific behavioural patterns due to a disconnection between OFC
and amygdala might manifest itself in rigid, poor monitoring of one’s own behaviour
(e.g. less psychiatric and behavioural - problems).
The understanding of psychiatric symptoms and behavioural problems
following right AHE poses a major challenge. Our findings suggest that the absence
of psychiatric – behaviour symptoms on self-report measures might be due to the
specific deficits in emotional processing, despite intact cognitive functions. Not be
able empathize with others (e.g. affective- ToM) in order to predict future behaviours
might be reflected in a low reported burden of suffering which in their turn manifest
itself in an active coping style and thus more disinhibition reported by the proxies
interaction between the OFC and amygdala that disrupts the emotional network and
cannot be classified as a psychiatric disorder (DSM-IV-TR). Moreover AHE patients are
unaware of these behavioural changes, as shown by their ‘overestimation’ on self-report
measures, despite the intact cognitive functions. One should therefore interpret selfreport measures with caution; proxy rating is necessary for a more realistic evaluation
of changes in behaviour. Even though these 3 patients had a successful operation, their
long-term psychosocial adaptation showed significant negative changes. This social
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disability should be recognized and should lead to appropriate counselling provided
by caregivers [29]

Limitations
Besides a small sample size, this study is also limited by the use of a crosssectional design, the lack of premorbid information on cognitive disorders, which might
have narrowed the range of outcomes. Another limitation is the time passed since
the AHE; patients with a more extended period of time since the operation might
have had more opportunities to enhance (social) cognitive functioning or have learned
to compensate for their deficits. Yet another limitation is that we did not have any
information about the type of surgery (transsylvian or transcortical approach). Literature
suggests that phonetic fluency is significantly more improved after transcortical surgery
[51]. Since we did not have T1 three-dimensional (3-D) volume sequence we could
not do MRI volumetry analyses of the residual structures after the AHE and could
therefore not correlate this to clinical outcome measures [52, 53]. In general the volume
reduction in a AHE procedure is significantly lower compared to complete anterior
temporal resection (ATL) [54, 55]. Literature shows that MRI volumetry of the residual
structures after a AHE do not correlate with clinical seizure outcomes [55, 56]. Several
studies show a correlation between volume reduction of the amygdalahippocampal
complex and poor memory functions for left-sided AHE and impaired nonverbal
memory for the right sided AHE [52, 54, 57, 58]. Potential future studies should focus
on neuropsychiatric-behavioural measures and MRI volumetry analyses after a right
AHE. Despite the limitations we believe that based on these three cases one can draw
tentative conclusions, irrespective of seizure history, type of seizure and medication
given the fact that they all had undergone the same right AHE operation, are all seizure
free, were all referred to Mental Health Institute by a proxy and show the same typical
rigid / disinhibited behaviour after surgery.

Conclusions & recommendations
A right AHE seems to be of importance in alterations that lead to different
emotional and behavioural problems in absence of psychiatric symptoms. These findings
should be taken into account in the aftercare of patients who underwent AHE. Chances
are that AHE patients, similar to the patients in the present study, end up in (neuro) psychiatry due to their deficits in monitoring their own behavioural –psychiatric
problems. These problems need to be acknowledged as soon as possible.
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As a clinical practitioner, having observed that there is no clear association between
traditional cognitive testing and behavioural changes after prefrontal cortex (PFC)
damage in a clinical outpatient group with ABI, the general aim of the present thesis
was to gain more insight into the cognitive and affective functions of the PFC, especially
the orbitofrontal (OFC) region in relation to behavioural changes. In the five studies
described in this thesis we found that:
·
OFC lesions result in three ‘types’ of behaviour, each with a different underlying
cognitive function.
·
Interrelations between executive functions, using graph analysis (i.e. networks)
on different tests of executive functioning and the FrSBe for three groups
(frontal lesions, non-frontal brain damage, and controls), might theoretically
be interpreted as potential compensatory mechanisms for possible expected
executive deficits and behavioural changes following frontal lobe lesions
In a group of 18 PFC-damaged patients the constructs of a virtual reality task
·
(JEF©) do not correlate with subscales of the FrSBe and NPI. By contrast, FrSBe
proxy scores (Executive dysfunction subscale) showed a significant correlation
with the total score in JEF©. The JEF© is able to distinguish healthy controls from
PFC brain patients with an accuracy of 92%.
·
Patients with lesions in dmPFC show deficits in behavioural self-awareness,
whereas patients with OFC lesions are not able to empathize with others,
irrespective of cognitive functioning. Patients with OFC lesions do not show
specific behavioural self-awareness problems.
·
Patients with a right AHE show a significant deficit in affective ToM and
behavioural self-awareness and have a tendency to report fewer negative
symptoms, while the proxy rating showed more behavioural problems. There
is no difference on cognitive measures between the AHE patients and controls
except for digit span forward.
This chapter summarizes and discusses the main findings of the studies described in
this thesis.
In Chapter 2, we described the association between both traditional cognitive tests
and tests that are sensitive to the OFC and behavioural disorders. The results of the
15 included studies with described OFC lesions, including case studies, showed a
variety of descriptions of behavioural changes (clinical descriptions, DSM-IV diagnoses,
questionnaires). We found that some, yet not all, suggested tests are related to
behavioural changes after OFC lesions. More specifically, there are three ‘types’ of
behaviour following OFC lesions, each with a different underlying cognitive function:
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1) behavioural disinhibition related to reversal learning; 2) rigid antisocial behaviour
related to deficits in recognition of expressed emotion; 3) impulse-control behaviour
related to the IOWA gambling task. Because of the large differences in usage and scoring
of the Faux pas test (e.g. the distinction between cognitive and affective ToM), no
association was found with specific behaviour. We did find that the traditional executive
tests, such as STROOP, Trail Making Test (TMT) and Wisconsin Card Sorting Test, are not
sensitive to OFC lesions despite the assumption that executive dysfunctions are related
to behavioural changes following frontal lobe lesions.
In Chapter 3 we describe an exploratory study using graph analysis (i.e.
networks) on different tests of traditional executive functioning and behavioural
measures for three groups: frontal lesions (n = 61), non-frontal brain damage (n = 66)
and controls (n = 67). Cognitive measures used were the Stroop Color Word, TMT, Letter
fluency (DAT), 15 word learning test (15T), Recall (15R), and digit span for cognitive
functioning; for behavioural changes we used the FrSBe. Networks were estimated in
R (R Core Team, 2016) using the glasso, bootnet and qgraph packages. We found three
different cognitive phenotypes per group. Cognitive phenotypes are specific patterns
of relations between EF tests: clusters of cognitive tests that are highly interconnected
with each other but not with other clusters. The frontal cognitive phenotype involves
merely mental processes (working memory, letter fluency, verbal memory) and does
not involve visual-motor tasks (TMT, Stroop). No degree of centrality was found
between groups for the cognitive and behavioural nodes. Centrality determines how
‘central’ a variable (node) is within a network, that is, if the node is connected to many
other nodes (degree of centrality) [1]. The total performance of the 15T has the most
centrality among all tests in all the groups, which means that other cognitive functions
are strongly associated with 15T. Both 15T and 15R form a community of 100% for all
groups, meaning that 15T and 15R do not differentiate between groups. We found
different proportions in the community assignments of nodes between groups. Digit
Span backwards (84%) and Fluency (79%) form a community with 15T and 15R in the
frontal group but not in the control (25%) and non-frontal (35%) groups. We concluded
that the different cognitive clusters, each with a different stability and proportion, might
be theoretically interpreted as a potential compensatory mechanism for not finding
executive deficits following frontal lobe lesions. As this was an exploratory study, we
were not able to compare the results with other studies.
In Chapter 4, we tested 18 PFC-damaged patients (4 right, 5 left, 5 bifrontal
lobe lesions and 4 with left OFC and basal temporal lesions) using both the JEF© and
traditional executive tests. Constructs of the JEF© were expected to tap onto the
OFC functions (e.g. learning and adapting to changing reinforcement contingencies
and decision-making tasks) and correlate with the FrSBe. We found no correlation
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with the FrSBe subscales on self-report and the JEF© constructs. Only the Stroop
interference score correlated with the Adaptive subscale of the JEF©. Lengenfelder
and colleagues (2013) suggested that information from the self-report measure of the
FrSBe differed from information gathered from cognitive tests [2]. It is proposed more
often that different constructs are being measured to explain the lack of association
between cognitive tests and questionnaires [3]. This would imply that a self-report
measure for behavioural and cognitive tests does not measure aspects of the same
construct as the tests intend to. We did show that the FrSBe Executive dysfunction
subscale for proxy ratings displayed significant correlation with the total score of JEF©.
Lengenfelder and colleagues found no differences in self-report and proxy ratings, but
other studies do [4]. Besides, overestimation of behavioural functioning is an often-seen
consequence of brain injury [5, 6]. Our findings also support the conclusion that selfreport questionnaires might not be sufficient due to alleged behavioural self-awareness
deficits. We did conclude the ecological validity of the JEF© in relation to the proxy
ratings. Based on the above and given the fact that our study only examined lesions
in the OFC region with some additional temporal lesions, one can conclude that the
cognitive constructs of the JEF© do not correlate with self-report behavioural changes
following PFC lesions.
In Chapter 5, we studied whether behavioural changes following dmPFC and
OFC lesions (total n = 7), compared with a control group (n = 22), are related to deficits
in behavioural self-awareness. Behavioural self-awareness was calculated by subtracting
family ratings from the patient’s self-rating on the FrSBe subscales. A major finding of
our study is that the inability to empathize with others (deficits in affective ToM) is due
to specific OFC lesions, whereas a lack of behavioural self-awareness (FrSBe Apathy
subscale) seems to be due to dmPFC lesions, irrespective of cognitive functioning. This is
in line with literature stating that ‘affective ToM’ is more related to the OFC [7–9]. It has
been suggested that the dmPFC (including ACC) does not play a crucial role in cognition
per se, but is involved in associating executive functioning with activation of the
autonomic nervous system [10, 11]. This is in line with the well-established knowledge,
and our results, that lesions to the dmPFC can result in clinically reduced drive and
internally motivated behaviour [12]. Self-report questionnaires might not suffice due
to behavioural self-awareness deficits caused by dmPFC lesions. We concluded that
clinical neuropsychological assessment must be supplemented with MRI data and proxy
ratings at the behavioural level in order to link specific behaviour to location of lesion.
In Chapter 6, we compared a very small right AHE group (n = 3) with controls
(n = 20) on a broad neuropsychological test battery and several behavioural-psychiatric
questionnaires, including proxy ratings. We found a significant difference in affective ToM
between groups. In line with previous studies on focal lesions, we confirmed that right
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hemisphere lesions cause deficits in affective ToM [13, 14]. An unexpected finding is that
patients with AHE have the tendency to report significantly fewer negative symptoms
on questionnaires, while the proxy rating showed more behavioural problems. These
self-awareness deficits (both on behavioural and cognitive questionnaires) in right
AHE patients, compared to controls, can be labelled as an ‘active coping style’. This
discrepancy between self and proxy ratings means that one must be cautious in the
choice of empathy measure, as some studies use self-rating questionnaires as a measure
of empathy [15]. No difference was found on cognitive measures between the AHE
patients and controls. [11]. Overall, patients with right AHE show better improvement on
cognitive tests [15–17]. Some suggest that this improvement on cognitive function after
right AHE is due to activation of the left hippocampus [18]. This is in line with studies
that suggest a lateralization of the amygdala-hippocampus complex in processing both
cognitive and affective information, where the left side processes verbal information
and the right side visual stimuli [19, 20]. We concluded that these patients end up in
(neuro-)psychiatry due to their deficits in monitoring their own behavioural-psychiatric
problems. These findings should be taken into account in the immediate aftercare of
AHE patients.

General Discussion
This present thesis describes the results of studies focusing on the relationship
between lesions in the OFC region due to ABI, and behavioural changes in a chronic
clinical outpatient group. Our goal was to gain more insight into the cognitive- emotional
functions of OFC region in relationship to behavioural changes.

Executive function
The case of Phineas Gage, the first well described patient with a prefrontal
lesion, revealed that prefrontal lesions can cause severe trouble in everyday life and a
profound disruption of personality [21]. The assumption is that in particular executive
functions (EF), known to be associated with frontal lobe injury, are responsible for
behavioural disturbances [22–24]. These cognitive and behavioural changes after
frontal lobe damage are also paraphrased as a ‘dysexecutive syndrome’ [25]. These EF
contribute to our ability to behave appropriately in a specific situation [26]. Nevertheless,
single-case studies of prefrontal patients, such as patient E.V.R. described by Eslinger
and Damasio (1985), have revealed that patients with OFC lesions can perform quite well
in a series of cognitive tasks despite serious changes in social behaviour [27]. Indeed,
some authors have proposed the existence of a modular organization of the frontal
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cortex in human, with cognitive functions being impaired after damage to the DLPFC
and social skills being disturbed when the OFC areas are affected [28]. Lesions in the
OFC-region are accompanied by measurable deficits in scales tapping empathy [9, 13]
and emotional perspective taking responses [29] reflected in behaviour not fitting the
well-established social norms and attitudes [30]. Studies on morality do also show this
asymmetry, moral judgment in an laboratory seems to be mediated by mainly moral
reasoning where moral judgment in daily life is generally related to rapid, automatic
evaluations (intuitions) [31]. Functional neuroimaging studies have shown that these
two kinds of moral judgment are sub served by different brain regions [32].
This thesis revealed that, besides the study of cognitive state using traditional
tasks, the analysis of clinical behaviour in daily life is crucial for understanding the role
of OFC in behavioural control. This discrepancy between the absence of EF dysfunctions
and behavioural changes in patients with lesion in the OFC region could be related to
ecological validity of the traditional test as well as a deficit in behaviour self-awareness.
Moreover, most cognitive tasks rely upon explicit mechanisms for understanding the
task and for providing the response (each one having a single, intrinsic correct solution),
while most of our actions in daily life are automatic or have little access to conscious
monitoring [33]. In neuropsychological tests, the patient typically has a single explicit
problem to tackle at any one time, the trials tend to be very short, task initiation is
strongly prompted by the examiner, and what constitutes successful trial completion
is clearly characterized. On the contrary, daily life evaluations reflect the choices we
make in order to resolve particular situations. They are a complex interplay between
context, properties of de situations, accumulated reward history based on positive and
negative reinforcement, which estimates the outcome and value of an (social) action
[34–36]. Yet these kinds of ‘executive’ abilities are a large component of everyday
activities [37] and not measured with traditional cognitive test. Indeed, part of the
‘mystery’ of the OFC has been the field’s difficulty explaining the real-life problems
experienced by OFC lesion patients given their appearance of normality on most
neuropsychological tests [38]. Thus, behavioural changes after specific OFC lesion may
be independent of the traditional cognitive (including executive) dysfunctions. What
we can conclude, based on this thesis, is that specific OFC lesions are associated with
specific affective-ToM deficits, which is not necessarily linked to behavioural changes.
As shown in our review, clinical literature on OFC lesions and the Faux pas shows mixed
results, where one could not associate the Faux pas with behavioural changes following
PFC lesions. One possible explanation for this discrepancy, as mentioned earlier, is the
crude way of describing the orbitofrontal lesion in clinical practice, as the prefrontal
cortex can be divided in three different regions. In the studies the term ‘OFC refers to
the combination of the medial and ventral region of the prefrontal cortex, given the fact
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that the medial and ventral region are highly interconnected and anatomically difficult
to distinguish [39]. One might, based on the above and from the prevailing view of
neuropsychology, which states that cognitive functions are related to behaviour, argue
that the connection between executive dysfunctions and affective-ToM to behavioural
changes on OFC lesions is questionable. Although there are some neuropsychological
tests that are sensitive to OFC dysfunction, they do not capture the range of real world
problems exhibited by patients with lesion in the OFC region [40]. As shown in this
thesis a deficit in empathy due to specific OFC lesions is not necessarily associated
with changes in behaviour, whereas the disruption of the white matter connection
between OFC and amygdala (e.g. the right uncinate fasciculus) due to a right AHE has
greater consequences for changes in behaviour. Because these behavioural changes
(e.g. disinhibition, apathy) can occur in the absence of severe deficits on traditional
neuropsychological measures, interview and questionnaire data (both patient and
proxy) provides essential information in assessing behaviour that is not captured in
the lab environment [41].

Behavioural disinhibition
The OFC region is known to be associated with behavioural disinhibition based
on deficits in stimulus-reward learning [34, 35, 42]. To fully capture the underlying
processes related to behavioural disinhibition and emotional evaluation of the OFC
one needs to develop a clinical measure that directly assesses all the irregularities
in emotional value. Disinhibited behaviour is dominated by the immediate emotional
evaluation regardless of potentially harmful consequences or any other emotional
contextual information [43]. Patients with lesion in the OFC region may be too impatient
to wait for appropriate feedback or to learn new stimulus-reinforcement associations
and therefore fail to cooperate or respond appropriately in social situations [5]. Current
developments in the area of test development (e.g. Virtual reality), in an effort to
capture multiple executive functions simultaneously, are not yet suitable for measuring
the complexity of the OFC dysfunctions [44, 45]. To cap the bridge between clinical
assessment on disinhibited behaviour might be the use of somatic or autonomic
responses. Patients with OFC lesion may be able to distinguish wright from wrong, but
appears to be insensitive to risk in actual decision-making. It is been argued that they
are not hindered by a peripheral autonomic response (e.g. skin conductance, heart rate,
smooth muscle contraction) [46–48]. The idea that autonomic responses are integrated
in clinical decision-making tasks might help to explore what (non-) autonomic reaction
are involved in which emotional appraisal process. Despite the fact that neuroscience
is gaining better insight into the cognitive and emotional functions of the OFC, there
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is currently no good psychometric clinical test that captures the cognitive-affective
functions of the OFC that can be related to behaviour. As long as there are no structured
questionnaires aimed at assessing behaviour in daily life this will limit the access to
important aspects of the behavioural state of patients with OFC lesions that are
expressed only in unstructured environments as at home [49].
Besides, behavioural questionnaires are often based on larger concepts
(e.g. apathy, disinhibition) might be not sensitive enough to capture the (sometimes)
subtle change in daily behaviour. It is quite plausible that not the score on behavioural
questionnaires or the DSM-5 classifications but the symptoms of for example a
psychiatric diagnose are more related to specific cognitive and affective deficits.
Indeed, cases with damage to the medial PFC do show personality changes, leading to
psychiatric symptoms of autism (e.g. attention to detail, frequent repetition of words,
not being aware of other people’s personal space) or psychopathy (e.g. pathological
lying, temper tantrums, and a callous disregard for the seriousness) [50, 51]. Moreover
studies using DSM-IV diagnoses (e.g. autism, psychopathy) following OFC lesions do not
capture all symptoms to meet the correct DSM-IV classification [51–54]. This is in line
with the emerging view of cognitive neuropsychiatry that attempts to bridge this gap
between psychiatric symptoms and neuropsychology within a framework of relevant
brain structures and their pathology [55].
Since these patients, in most cases, end up in psychiatry or mental health care
institutions, it is important to distinguish between the classic DSM-IV diagnosis and
a DSM-IV diagnosis based on behavioural changes by OFC lesions. Indeed, symptoms
characterizing sudden changes in personality (not related to taking a drug or losing a
loved one), e.g. disinhibition, poor decision-making, and disturbed social behaviour, in
absence of cognitive deficits should alarm the clinician of possible OFC lesions. Despite
the fact that our study on behavioural self-awareness (chapter 5) shows that identifying
different areas in the OFC has an added value in explaining different cognitive functions
related to behaviour, it remains very complicated to identify specific OFC lesions in
clinical practice [56, 57]. This poses a significant challenge to attempts to define the
OFC in terms of a conceptual neuropsychological-behaviour-framework.
An important new finding is that our results show that a lack of behavioural
self-awareness could lead to a social ‘faux pas’ and poor social behaviour without
deficits on the affective ToM. In this context, we showed that the affective-ToM deficit
in patients with OFC lesions could be viewed as a possible component necessary for
self-monitoring of behaviour in social interactions. However, to fully understand, and
explain, this deficit in self-monitoring of behaviour one must incorporate the cognitive
functions of the OFC region (e.g. reversal learning, IGT, expressed emotions) related
to specific brain networks. In addition, it is important to mention that the networks
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associated with the OFC may also lead to behavioural self-awareness problems (chapter
6). For example, we showed that operatively removing the amygdala hippocampus
complex, as part of the empathy-network, impairs affective-ToM reasoning and is
strongly related to behavioural self-awareness deficits. One unexpected finding is that
behavioural self-awareness deficits, specifically associated with lesion in the dmPFC,
might be a factor in explaining behaviour problems irrespective of traditional cognitive
functioning (chapter 5).

Network
The network perspectives illustrates a different perspective and suggest that
the found interactions between the executive tests following frontal lobe lesions may
serve as a potential ‘compensatory mechanism’ for the absence between cognitive
deficits and behavioural disorders following frontal lobe lesions. These results could
explain some of the result found in our review (chapter 2) and contribute to the question
why some behavioural problems after ABI of the frontal cortex do not co-occur with
executive dysfunction. The low ecological validity of some of the most used executive
measures might be due to these interrelations between these executive functions. A
lesion in one brain area might not trigger a difference in mean EF-performance, but
might change the interrelations between EF tests. Focusing on the correlations between
EF test might thus give researchers additional information on EF in relation with brain
injury over just mean performance. This in line with clinical studies that show that the
most frequently used executive function measures are not exclusively associated with
the frontal lobe [58–61]. The absence of cognitive deficits in focal frontal lesions may
be best understood in the context of adaptive cognitive brain network [62]. Results
of this thesis (chapter 3) could possibly be the start of the development of possible
new and innovative hypotheses about the underlying mechanisms of ABI on cognition
in relation to behaviour in a clinical setting. We are aware of the explorative nature
of this study and the relatively small sample size. We are therefore cautious about
our statements regarding the reliability of the networks. This approach represents a
change of perspective from the traditional analysis of mean differences towards an
approach based on interrelatedness of different modalities. Despite our cautiousness
we would like to make some suggestions about the possible usability of this approach
and pose some possibilities for future research. In clinical practice, the concept of
executive functions is based on abnormal scores of tests, and statements are made
about executive functions even if (some of) these tests are not normal. We showed
that the mutual relationship between the different cognitive tests can be informative
as well. The relationships between the different modalities provided insight in to which
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roles modalities play with different types of lesions. Based on our study we believe that
a next step in this research field could be the development of prototype networks (e.g.
frontal, non-frontal) to which an individual networks can be compared. This gives the
clinician insight into the relative strengths and weaknesses of the mutual relationships of
the individual test scores and functions. Based on this outcome one might theoretically
make statements about whether or not therapeutic interventions are successful. In
addition, an interesting line of research would be to link these prototypical networks to
clinical symptoms (e.g. irritability, reduction of initiative) instead of behavioural clusters.

Strength & Limitations
All MRI’s were judged by a radiologist who carried out the first anatomic
classification and aetiology (where possible) of patients’ lesions. A first strength is
that we had the opportunity (see chapter 5) to consult an independent senior neuroradiologist of the VU medical Centre. In this study we initially started out with 15
patients with lesions in the OFC region, were a second assessment by the senior
neuro-radiologist left us 7 patients who were predominately classified as OFC lesions.
This shows, in line with literature, that the Interrater reliability among radiologist to
identify specific OFC lesions including Brodmann areas in clinical practice is low [56,
57, 63, 64]. A second strength is that, as far as we know, we are the first to examine
a clinical outpatient ABI group with different aetiologies on both cognitive, social
cognitive and behavioural/neuropsychiatric questionnaires (including proxy ratings). The
advantage of this comprehensive approach is that we gained insight into the relationship
between these variables. To address the fact that traditional neuropsychological
test lack ecological validity, we also had the opportunity to conduct research with a
more ecological valid test (JEF©) in relationship to traditional cognitive measures and
behavioural questionnaires. A third strength is that our (carefully at random selected)
control group were also patients at the same Mental Health Institute. Patients who
did not show any structural damage on the MRI, or met the criteria of mTBI, but did
have the same symptoms. These patients (controls) were referred to our institute on
suspicion of possible brain injury and the onset of symptoms. We compared patients
with and patients without structural lesion, where they all had the same registration
complaint (e.g. cognitive complains) at intake interview. Besides, all the results were
used for diagnostic-treatment purposes.
Despite these strengths, there are limitations. The sample size is very small
in some studies (e.g. 3 AHE patients) which makes our result less conclusive due to
various statistical reasons [65, 66]. The small sample size is mainly due to the fact
that we depend on the general practitioner (or other professional referrer to our
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institution) who links the psychiatric symptoms to the removal of the AHE. Despite
these limitations we believe that based on these three cases we can draw tentative
conclusions, irrespective of seizure history, type of seizure and medication given the
fact that they all had undergone the same right AHE operation, are all seizure free,
were all referred to Mental Health Institute by a proxy and show the same typical rigid
/ disinhibited behaviour after surgery. The network approach is new and explorative,
the results of this analysis are difficult to interpret in terms of clinical relevance due
to the fact that many neuropsychological tests lack good psychometric properties and
ecological validity [4]. The results found in this network study may also be the result of
this deficiency. Another limitation is that some of the tests used are either experimental
(e.g. JEF©) or translated to the Dutch language and not yet properly validated (e.g. Faux
pas). A limitation is that this thesis is based on a clinical cohort of patients with ABI
with different aetiologies. In addition, the determination of the specific location of the
OFC lesions with the available technology (e.g. MRI) is clinically very complicated. This
means that our results are not generalizable, we cannot make firm statements about the
functions of the OFC region in relation to cognition or behaviour. In line with literature,
we drew tentative conclusions about OFC functions based upon only a few patients
with lesions covering (in some cases) a large region of the OFC [38, 57]. We recommend
the incorporation of measures with greater psychological and anatomical specificity
into clinical neuropsychology would improve executive functioning assessment [67].

Implication for clinical practice
Taken together, the neuropsychology of the OFC remains imperfect clinical
science. Traditional neuropsychological batteries are useful in ruling out other potential
pathologies (e.g. dementia, TBI) but they are generally insensitive to lesions of the
OFC region. Cognitive evaluation requires integrative approaches to the assessment
in which traditional neuropsychological batteries must be augmented (or modified)
if they are to be sensitive to OFC lesions. No unitary process can explain the range
of deficits, on both cognitive and behavioural level, of the OFC. No individual test is
expected to serve as a gold standard to capture the cognitive functions of the OFC.
Tests that commonly used in clinical practice (The Netherlands) are the social cognitive
test (Faux pas test and test that measure recognition of expressed emotions). The
experimental test are (reversal learning, IGT) mainly for scientific purposes and not
freely available for clinical practice. Besides the cognitive aspects it is recommended
to assess emotional changes / characteristics of the personality with proxy behavioural
questionnaires. The latter is more useful to elucidate the behavioural problems in
daily living and might give information for specific treatment programs. For clinical
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practice one need to tap the different cognitive functions of the OFC. Of clinically
importance is that these experimental test of the OFC lack psychometric properties, an
appropriate level of caution when using these test are in order. The issue of specificity
is delicate in neuropsychology, in that tasks often depend on disturbed networks of
brain regions [68]. In clinical settings, the choice of OFC assessment measures may also
be led by the functional domains in daily living (e.g. social impairments, problems of
emotional dysregulation or behavioural disinhibition), where these impairments have
particular importance for treatment planning as some of these characteristics appear
amenable to specific training programs. Thus, the supposed benefits for treatment
planning may accentuate the value of assessing social and emotional processing, even
if such measures do not yet meet the psychometric criteria. Because different forms of
neuropathology produce different regional patterns of damage in the OFC, the type of
pathology may impact test selection. For instance the Frontal Behavioral Inventory is
particularly recommended in cases of Frontal variant-Frontotemporal dementia (FvFTD)
given that the scale was developed for and validated with FvFTD patients. In contrast,
measures such as the FrSBe are not tied to a specific disease state and may as a result
do better at detecting dysfunction in patients with other sources of OFC damage.
The development of formalized and (age, gender, education) appropriately normed
versions of OFC sensitive measures (e.g. behavioural and cognitive) would be a welcome
addition to the field. Given these issues, is it hard to find a different explanation than
OFC lesions when a patient shows severe social disinhibition, including deficits on some
of the experimental tasks, while showing a normal neuropsychological and intelligent
profile. In sum, the OFC assessment requires an integrative approach in witch standard
neuropsychological batteries should be augmented with experimental tests and
behavioural data which in their turn might contribute to the a new neuropsychologicalbehaviour-framework.

Recommendation
Given the important theoretical and conceptual progresses being made in
neuroimaging studies and human clinical studies, it is striking how few clinical tasks
directly assess the stimulus- reinforcement processes that lie at the heart of the OFC
functions. The development of a validated clinical task, a task that measures the value
of stimulus-reinforcement-outcome processes, would strengthen the relationship with
the behavioural changes following OFC damage. The use of Virtual reality (VR) is possibly
the next step of integrated neuroscience – clinical assessment of the OFC functions in
combination with autonomic functioning [42, 46]. It is recommended that the different
behavioural domains, as captured in the rating scales, be assessed with a current
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cognitive counterpart (e.g. empathy) in order to accomplish an improved cognitionbehaviour consistency. What we have learned is that the understanding of psychiatric
symptoms and behavioural problems following lesion in the OFC region poses a major
challenge and cannot be easily classified as a psychiatric disorder (DSM-IV/ DSM-V) [50,
53, 69–71]. Some of the reported psychiatric diseases (major depression 44%, anxiety
disorders ranging from 6.5% for Obsessive Compulsive Disorder (OCD) to a high of 14%
for Post-Traumatic Stress Disorder (PTSD,) psychosis less than 1%) are under influence
of the complex interaction between cognitive-emotional deficits due to OFC damage
[72]. This requires extensive knowledge of the clinician of both psychiatric disorders
and the behavioural problems arising from OFC damage (or other neurologic disorders)
in order to deduce the symptoms correctly. In addition, changes in personality due to
organic causes account for 2%-5% of all personality disorders and could be best labelled
as ‘organic personality disorder’. These should be categorized as ‘changes of personality
owing to somatic causes (DSM-V) [73]. In clinical practice one should be alert that
these disorders always start with a marked change in lifestyle and behaviour, usually
not fitting the premorbid personality, with previously a normal behaviour pattern. The
overlapping psychopathology of OFC lesions with some psychiatric disorders opens
the possibility of greater understanding of the biological bases of the mental disease.
Last but not least, an unexplored field of interest, where the effects of brain
injury can have an important role in the explanation of (aggressive) behaviour is the
forensic psychiatry. In a recent study, where they routinely compered violent offender
with non-violent offenders on MRI scans, they found a remarkable high prevalence of
brain pathology in the frontal lobe in the violent offenders [74]. The high proportion
of undetected structural frontal brain damage underscores the need that routine
neuropsychiatric assessment should be complemented with MRI and integrative
neuropsychological test batteries.
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Nederlandse samenvatting
Het hoofddoel van dit proefschrift was om meer zicht te krijgen op de onderliggende
(sociaal-) cognitieve functies van de gedragsveranderingen na frontaal- prefrontale
hersenletsel. Wij waren met name geïnteresseerd in de orbitofrontale cortex (OFC). Dit
werd bereikt door binnen de poliklinische setting (Altrecht, neuropsychiatrie) uitgebreid
diagnostisch onderzoek te doen tijdens de intakefase; een neuropsychologisch
onderzoek, MRI van de hersenen, waarnaast een breed scala aan gedragslijsten werd
afgenomen bij patiënt en naaste. In dit gedeelte volgt een korte samenvatting in het
Nederlands.
Hoofdstuk 2 geeft een overzicht van 15 geïncludeerde studies met OFC laesies waarbij
zowel traditionele als experimentele cognitieve testen zijn afgenomen. Er zijn een
aantal experimentele cognitieve testen die de functie van de OFC beogen te meten;
reversal learning test, Iowa Gambling task (IGT) en Faux pas. De gedragsveranderingen
volgend op OFC laesies, op basis van de literatuur, zijn grofweg in drie categorieën te
beschrijven; disinhibitie, antisociaal gedrag, impulsief gedrag. Theoretisch zijn deze
gedragsveranderingen het resultaat van het onvermogen om het gedrag te corrigeren
op basis van sociaal- emotioneel- relevante informatie, een functie van de OFC. Er wordt
met voorzichtigheid gesuggereerd dat er een relatie is tussen de afwijkende score op
de experimentele cognitieve testen en de specifieke gedragscategorieën 1) disinhibitie
is gerelateerd aan reversal learning; 2) anisociaal gedrag is gerelateerd aan het niet
herkennen van emotionele gezichtsuitdrukkingen; 3) impulsief gedrag is gerelateerd
aan de IGT. De verschillende manieren van afname en score maakt dat de Faux pas niet
gerelateerd is aan specifiek gedrag. Traditionele executive tests, zoals STROOP, Trail
Making Test (TMT) en Wisconsin Card Sorting Test (WCST) zijn niet gevoelig zijn voor
OFC laesies, ondanks de aanname dat executieve functiestoornissen gerelateerd zijn
aan gedragsveranderingen na laesies aan de frontale kwab.
In Hoofdstuk 3 hebben wij geprobeerd een verklaring te zoeken voor de afwezigheid
van executieve functiestoornissen bij laesies in de frontaalkwab. Wij hebben hiervoor
gekeken naar sterkte van de onderlinge verhoudingen tussen de verschillende cognitieve
functies en de sub-schalen van de Frontal System Behavior Scale (FrSBe). Hiervoor
hebben wij een gebruik gemaakt van een netwerk analyse (graph theorie) in drie
verschillende groepen; een groep met frontaal hersenletsel (n = 62), geen frontaal letsel
(n = 66) en een controle groep (n = 67). Netwerken bestaan uit nodes en de verbindingen
ertussen (edges). Bij deze analyse zijn de cognitieve testen en sub-schalen van de FrSBe
de nodes, en de statistische associaties tussen de variabele edges van het netwerk. Op
deze manier kan een dimensioneel spectrum worden onderzocht. De netwerkanalyse
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liet 3 verschillende goed te onderscheiden patronen zien tussen de cognitieve testen en
de sub-schalen van FrSBe. Het verbale geheugen (de 15 woordentest) heeft een sterke
centrale rol in alle netwerken. In de groep met frontaalletsel clusteren de mentale
taken (geheugen, werkgeheugen en fluency) sterk samen maar hebben geen sterke
verbinding met sub-schalen van de FrSBe. De totaal score van de 15 woordentest en
de herinneringsscore (recall) vormen voor 100% een ‘community’ over alle groepen,
wat betekent dat deze geen onderscheidend vermogen hebben tussen de groepen. Een
community kan worden gezien als een groep nodes die sterk verbonden zijn met nodes
binnen hetzelfde netwerk. Cijferreeksen achteruit en fluency vormen een ‘community’
met de 15-woordentest (inprenting en recall) voor respectievelijk 84% en 79%. Dit is
niet gevonden voor de andere groepen. Het cognitieve ‘fenotype’ van de groep met
frontaalletsel kan theoretisch fungeren als een compensatiemechanisme voor het niet
vinden van executieve functiestoornissen bij frontaallestel. Dit hoofdstuk onderstreept
het belang van de onderlinge samenhang van cognitieve functies in relatie tot de locatie
van de laesie waarnaast het een nieuw perspectief biedt op de neuropsychologie van
patiënten met hersenletsel.
In Hoofdstuk 4 hebben wij onderzoek gedaan met de JEF©, een Virtual reality (VR) test,
bij 18 prefrontaal cortex (PFC) beschadigde patiënten om na te gaan of deze multiexecutive test sensitief zou zijn voor schade aan de PFC. Naast de JEF© hebben wij bij
deze patiënten executieve functietesten (EF) afgenomen. De JEF© doet (theoretisch)
een beroep op PFC functies (o.a. aanpassen aan veranderende onvoorziene
omstandigheden, besluitvormings-taken). De verwachting was dat de JEF©, en niet de
EF testen, zou correleren met de FrSBe score. Er is geen correlatie gevonden tussen
de FrSBe-subschalen (zelfrapportage) en de JEF©. Alleen de Stroop-interferentiescore
correleerde met de Adaptieve subschaal van de JEF©. De FrSBe sub-schaal executive
disfunctie (proxy-rapportage) liet een significante correlatie zien met de totale score
van JEF©. Deze studie laat zien dat cognitieve constructies van de JEF© niet correleren
met zelfrapportage op de FrSBe bij PFC laesies. Een stoornis in het niet goed kunnen
beoordelen (monitoren) van de eigen gedragsverandering bij PFC laesies kan een (deel)
verklaring zijn voor het niet vinden van een correlatie tussen zelfrapportage op de FrSBe
en de JEF©. De ecologische validiteit van de JEF© in relatie tot de proxy-beoordelingen
is in deze studie wel aangetoond.
In Hoofdstuk 5 hebben wij onderzocht of een gebrek aan empathie bij laesies in
dorsomediale prefrontale cortex (dmPFC) en orbitofrontale cortex (OFC) (totaal n = 7)
gerelateerd is aan verminderd ziekte-inzicht, specifiek het niet goed kunnen beoordelen
van de eigen gedragsverandering. Dit werd berekend door de verschil score te nemen
op de FrSBe tussen proxy en patiënt, hiermee hebben we een maat voor ziekte-inzicht
op gedragsniveau. Deze studie laat zien dat een gebrek aan empathie, gemeten met
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de Faux pas, te wijten is aan specifieke OFC-laesies terwijl het niet goed kunnen
beoordelen (monitoren) van de eigen gedragsverandering (FrSBe Apathy-subschaal)
het gevolg lijkt te zijn van dmPFC laesies. Dit resultaat is onafhankelijk van het cognitief
functioneren. Dit komt overeen met de literatuur welk aangeeft dat ‘affectieve Theorie
of Mind (ToM)’ meer gerelateerd is aan de OFC en dat de dmPFC geen cruciale rol
speelt in cognitie maar meer betrokken is bij initiatiefname. Een tekort in inzicht op
eigen gedragsverandering na dmPFC laesies maakt de zelfrapportage op gedragslijsten
mogelijk minder betrouwbaar. Klinisch neuropsychologisch onderzoek zou standaard
aangevuld moeten worden met de locatie van de laesie en proxy-beoordelingen om de
specifieke gedragsverandering na hersenletsel beter te kunnen verklaren.
In Hoofdstuk 6 hebben wij drie patiënten met een rechter amygdalahippocampectomy
(AHE) vergeleken met een controlegroep (n = 20) op cognitief functioneren,
verschillende gedrags- psychiatrische vragenlijsten, inclusief proxy-beoordelingen. Er is
een significant verschil tussen de groepen in empathie (affectieve-ToM). Een onverwacht
resultaat is dat patiënten met AHE significant minder negatieve symptomen op alle
vragenlijsten rapporteren, terwijl de proxybeoordeling juist meer gedragsproblemen
rapporteren. De zelfrapportages, zowel op gedrags- als psychiatrische vragenlijsten,
kan bestempeld worden als een ‘actieve coping-stijl’. Er werd geen verschil gevonden
in cognitief functioneren tussen de groepen. Door een tekortschietende monitoring op
hun eigen gedrags- psychiatrische symptomen is het van belang dat dit moet worden
meegenomen bij de directe nazorg van AHE-patiënten.

Algemene discussie
De veronderstelling in de neuropsychologie is dat executieve functies (EF) deels
verantwoordelijk zijn voor gedragsstoornissen na frontaalletsel [1–3]. De cognitievegedragsveranderingen na frontaal letsel worden in de literatuur omschreven als het
‘dysexecutive syndrome’ [4]. Desalniettemin zijn er studies die ondanks ernstige
gedragsveranderingen bij prefrontale beschadigde patiënten geen EF stoornissen
laten zien. Deze discrepantie kan het gevolg zijn van de lage ecologische validiteit van
de traditionele cognitieve testen, daarnaast, zo blijkt uit de review, zijn de meeste
traditionele cognitieve testen niet sensitief voor OFC laesies. Naast dat de cognitieve
testen niet sensitief zijn voor OFC laesies hebben wij aangetoond dat het afnemen
van gedragsvragenlijsten (zelfrapportage) niet betrouwbaar is gebleken als gevolg
van een stoornis in het niet goed kunnen beoordelen (monitoren) van de eigen
gedragsverandering. Het dagelijkse leven weerspiegelt een complexe wisselwerking
tussen de context en de persoonlijke leergeschiedenis (van een gelijkwaardige
situatie) waarbij wij de uitkomst van een probleem of (sociale-) interacties proberen
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te voorspellen [5–7]. Dit soort ‘executieve’ vaardigheden zijn nodig voor ons alledaagse
activiteiten en keuzes [8], echter worden deze niet gemeten met traditionele cognitieve
testen. Op basis van dit proefschrift kunnen wij concluderen dat specifieke OFC
laesies geassocieerd zijn met een tekort in empathie, gemeten met de Faux pas, niet
noodzakelijkerwijs geassocieerd zijn aan de specifieke gedragsveranderingen. Zoals uit
onze review blijkt is de klinische literatuur over OFC laesies en de Faux pas niet eenduidig,
de Faux pas (totaal) score kan niet worden geassocieerd met de gedragsveranderingen
na PFC laesies (inclusief OFC). Een van de mogelijke verklaringen voor deze discrepantie
is de grove manier waarop OFC laesies worden beschreven in de klinische literatuur.
In onderzoek verwijst de term ‘OFC’ in de regel naar een combinatie van de mediale
en ventrale regio’s van de prefrontale cortex. Aangezien deze regio’s onderling sterk
met elkaar zijn verbonden zijn deze anatomisch moeilijk te onderscheiden [9]. Omdat
deze gedragsveranderingen (ontremming, apathie) kunnen optreden in afwezigheid van
cognitieve stoornissen (inclusief EF), bieden interview- en vragenlijstgegevens van zowel
patiënt als proxy, het afnemen van de experimentele testen, essentiële informatie die
niet wordt vastgelegd met een standaard neuropsychologisch onderzoek [10].

Disinhibitie
Schade aan de OFC is in de regel geassocieerd met disinhibitie in gedrag. Disinhibitie
is het gevolg van een verstoorde stimulus-reinforcement associate van emotionele
cues [5, 6, 11]. Patiënten met laesies in de OFC regio kunnen niet meer goed leren van
feedback op basis van sociaal- emotioneel- relevante informatie (b.v. gezichtsuitdrukking
bij de ander) waardoor de specifieke emotionele cue niet op de juiste wijze wordt
geïnterpreteerd. De verstoorde interpretatie van deze cue triggert niet de juiste
stimulus-reinforcement associatie, welke informatie moet geven over de verwachtte
uitkomst van een sociale interactie op basis van eerdere ervaringen, waardoor patienten
gedrag laten zien wat niet passend is bij die specifieke sociaal emotionele context [12].
Het is onmogelijk al deze complexe functies tegelijkertijd vast te leggen. Ondanks de
huidige ontwikkelingen op het gebied van bijvoorbeeld Virtual reality (VR) blijken
deze nog niet geschikt om de complexiteit van OFC disfuncties te meten [13, 14]. Een
mogelijk meer klinisch toepasbare manier is het meten van de somatische of autonome
fysiologische reacties. Patiënten met OFC laesies kunnen in een testsituatie emotioneel
het verschil tussen goed en kwaad onderscheiden maar lijken ongevoelig voor de risico’s
(zowel voor zichzelf als bij de ander) in het maken van de daadwerkelijke keuze. Er is
gesuggereerd dat patiënten met OFC laesies niet gehinderd worden door een perifere
autonome respons (huidgeleiding, hartslag, samentrekking van de gladde spieren) in het
geven van een emotionele respons (empathie) [15–17]. Het meten van deze autonome
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reacties, in combinatie met de bestaande klinische diagnostiek, zou inzicht kunnen geven
in welke (niet-) autonome reacties betrokken zijn bij welk type emotionele taxaties.
Hoewel de neurowetenschappen een steeds beter inzicht lijkt te krijgen in de cognitieve
en affectieve functies van de OFC, is er tot op heden geen goede psychometrische
klinische test deze functies meet en kan koppelen aan de gedragsveranderingen.
Gedragsvragenlijsten, vaak gebaseerd op grotere concepten (apathie, ontremming),
zijn mogelijk niet gevoelig om de soms subtiele verandering in het dagelijkse gedrag
vast te leggen. Het is vrij aannemelijk dat symptomen van een psychiatrische stoornis
sterker gerelateerd zijn aan specifieke cognitieve en affectieve stoornissen dan
de (totaal-) scores op gedragsvragenlijsten of de DSM-5-classificaties. Zo zijn in de
literatuur symptomen passend bij autisme (aandacht voor detail, frequente herhaling
van woorden, sociaal emotionele problemen) of psychopathie (pathologisch liegen,
woedeaanvallen, emotieloos) beschreven in termen van persoonlijkheidsveranderingen
door mediale PFC laesies [18, 19]. Bovendien, studies die gebruik maken van de DSM-IVdiagnoses (autisme, psychopathie) bij patiënten met OFC laesies voldoen niet aan alle
symptomen voor de volledige DSM-IV-classificatie [19–22]. Dit is in overeenstemming
met de opkomst van de cognitieve neuropsychiatrie die deze kloof tussen psychiatrische
symptomen en cognitieve stoornissen probeert te verklaren vanuit hersennetwerken
en hersenpathologie [23]. Omdat veel van deze patiënten in de GGZ terecht komen is
het belangrijk om onderscheid te maken tussen symptomen die passen bij een klassieke
DSM-IV-diagnose en (psychiatrische) symptomen die het gevolg zijn van een OFC laesies.
Bij afwezigheid van cognitieve stoornissen, inclusief EF stoornissen, zouden symptomen
die passend zijn bij een plotselinge persoonlijkheidsveranderingen (niet gerelateerd aan
medicatie, drugs of trauma), zoals ontremming, gebrekkige besluitvorming en verstoord
sociaal gedrag, de clinicus moeten alarmeren voor mogelijke OFC-laesies. Hoewel wij
hebben aangetoond dat een stoornis in het niet goed kunnen beoordelen (monitoren)
van de eigen gedragsverandering (hoofdstuk 5) gerelateerd is aan een specifieke locatie
in de OFC blijft het erg ingewikkeld om specifieke OFC laesies in de klinische praktijk
te identificeren [24, 25]. Het is op basis van de literatuur en dit proefschrift een grote
uitdaging om de OFC te definiëren in termen van een conceptueel neuropsychologischgedragskader. Een interessant resultaat is dat een stoornis in het niet goed kunnen
beoordelen (monitoren) van de eigen gedragsverandering kan leiden tot een sociale
‘faux pas’, zich uitend in niet aangepast sociaal gedrag, zonder dat er sprake is van EF
stoornissen en- of een gebrek aan empathie. Wij kunnen met grote voorzichtigheid
concluderen dat een gebrek aan empathie, bij patiënten met OFC laesies, kan worden
beschouwd als een mogelijke component in het gebrek aan zelfmonitoring van het eigen
gedrag. Om dit tekort volledig te begrijpen moet men de specifieke cognitieve functies
van de OFC (reversal learning, IGT, empathie) koppelen aan zelfmonitoring en specifieke
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hersennetwerken. Hierin is het van belang om te vermelden dat de netwerken die
geassocieerd zijn met de OFC ook kunnen leiden tot stoornissen in de zelfmonitoring
(hoofdstuk 6).

Netwerk
Het netwerkperspectief laat zien dat de interacties tussen EF kunnen dienen als een
mogelijk compensatiemechanisme voor het niet vinden van een correlatie tussen EF
en gedragsstoornissen bij frontaalletsel. Dit zou een deel van de resultaten uit onze
review kunnen verklaren (hoofdstuk 2) en kunnen bijdragen aan de vraag waarom
sommige gedragsproblemen na ABI in de frontaalkwab niet samengaan met executieve
functiestoornissen. Zo kan de lage ecologische validiteit van enkele van de meest
gebruikte cognitieve testen kunnen samenhangen met deze onderlinge interacties
tussen de executieve functies. Misschien resulteert hersenletsel niet in een afwijkende
EF score maar geeft het een verandering in de onderlinge verhoudingen tussen EF.
Dit is in overeenstemming met klinische studies die aantonen dat de meest frequent
gebruikte testen voor EF niet exclusief geassocieerd zijn met de frontaalkwab [26–29].
De afwezigheid van cognitieve stoornissen in focale frontale laesies kan het best worden
begrepen in de context van een adaptief-cognitief-hersennetwerk [30]. De resultaten
van dit proefschrift (Hoofdstuk 3) zouden het begin kunnen zijn van de ontwikkeling
van nieuwe hypothesen over de onderliggende cognitieve mechanisme na ABI in
relatie tot gedrag in een klinische setting. We zijn ons bewust van de exploratieve
aard van deze studie, samen met de relatief kleine steekproefomvang, wat maakt dat
wij voorzichtig zijn met onze uitspraken over de betrouwbaarheid van de gevonden
netwerken. Deze benadering is een verandering van perspectief ten opzichte van de
traditionele analyse, van de traditionele analyse naar een benadering gebaseerd op
onderlinge verwevenheid van verschillende modaliteiten. Ondanks onze voorzichtigheid
willen we enkele suggesties doen over de mogelijke bruikbaarheid van deze benadering
en enkele voorstellen doen voor toekomstig onderzoek. In de klinische praktijk is het
concept van gestoorde executieve functies gebaseerd op afwijkende testscores en
worden er uitspraken gedaan zelfs als sommige van deze tests statistisch normaal zijn.
Op basis van dit onderzoek zijn we van mening dat een volgende stap de ontwikkeling
van prototype netwerken (frontaal, niet-frontaal) kan zijn, een prototype netwerk
waarmee een individueel netwerk kan worden vergeleken. Dit geeft de clinicus inzicht
in de relatieve sterke en zwakke punten van de onderlinge verhoudingen tussen de
individuele testscores en functies. Op basis van deze uitkomst kan men in theorie
uitspraken doen over het al dan niet slagen van therapeutische interventies. Een
andere interessante lijn van onderzoek zou zijn om deze prototypische netwerken te
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koppelen aan klinische symptomen (prikkelbaarheid, verminderd initiatief) in plaats
van gedragsclusters.

Klinisch Implicaties
Samenvattend blijft de neuropsychologie van de OFC imperfecte ‘klinische wetenschap’.
Traditionele neuropsychologische batterijen zijn nuttig voor het uitsluiten van potentiële
pathologie (dementie, TBI) maar zijn over het algemeen ongevoelig voor laesies van het
OFC. Cognitieve onderzoek naar de OFC vereist een integrale benaderingen waarbij
traditionele neuropsychologische batterijen moeten worden aangevuld (of gewijzigd)
willen ze sensitief zijn voor OFC laesies. Er is geen eenduidige verklaring voor het brede
scala aan stoornissen na OFC laesies. De verwachting is dat er niet één test ontwikkeld
zal worden die zowel de cognitieve als affectieve functies van de OFC zal meten.
Testen die veel worden gebruikt in de Nederlandse klinische praktijk zijn de Faux pas
en herkennen van expressed emotions. De experimentele testen (reversal learning,
IGT) zijn voornamelijk voor wetenschappelijke doeleinden en niet vrij beschikbaar
voor de klinische praktijk. Naast het afnemen van de traditionele en experimentele
cognitieve testen wordt het aanbevolen om de emotionele veranderingen en
persoonlijkheidsveranderingen te meten met proxy-gedragsvragenlijsten. Dit om de
gedragsproblemen in het dagelijks leven beter te kunnen objectiveren waarnaast het
informatie kan bieden over een specifieke behandelinsteek. Praktisch gezien moet de
clinicus, bij een OFC laesie, de verschillende cognitieve functies van de OFC meten
middels de experimentele testen, met de kanttekening dat deze experimentele testen
geen goede psychometrische eigenschappen hebben. Samenvattend zijn de mogelijke
voordelen voor de behandeling leidend in de keuze van het afnemen van de OFC
testen, zelfs als dergelijke testen nog niet voldoen aan de psychometrische criteria. De
ontwikkeling van geformaliseerde (leeftijd, geslacht, opleiding), genormeerde versies
van OFC gevoelige testen (gedragsmatig, cognitief) zou een welkome aanvulling zijn
op de bestaande testbatterijen. Bij een plotselinge verandering waarbij er sprake
is van ernstige sociale ontremming, inclusief tekorten op sommige van OFC testen
(bijvoorbeeld Faux pas, IGT), bij een normaal cognitief en intelligentie profiel is het heel
plausibel om aan een OFC laesie te denken. OFC-assessment vereist een integratieve
benadering waarbij standaard neuropsychologische testbatterijen moeten worden
aangevuld met experimentele testen en gedragsvragenlijsten (inclusief proxy). Dit zou
op ten duur kunnen bijdrage aan een nieuw ‘gedrag-neuropsychologisch-framework’.
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Aanbevelingen
Gezien de theoretische en conceptuele vooruitgang die wordt geboekt in neuroimaging
studies betreft de OFC functies, is het opvallend hoe weinig klinisch bruikbare testen
er zijn die de kernfunctie van de OFC meten. Het gebruik van Virtual reality kan de
volgende stap zijn van geïntegreerde neurowetenschap: real-time klinische onderzoek
naar de OFC functies in combinatie met het gebruik van somatische of autonome
reacties [11, 16]. Het begrijpen van psychiatrische symptomen en gedragsproblemen
in termen van cognitieve functies na OFC laesies vormt een grote uitdaging. De
gedragsstoornissen zijn niet gemakkelijk te classificeren in termen van als psychiatrische
stoornissen (DSM-IV / DSM-V) [18, 21, 31–33]. Enkele van de meest gerapporteerde
psychiatrische stoornissen (44%, depressie, 6,5% obsessieve compulsieve stoornis
(OCS), 14% voor posttraumatische stressstoornis (PTSS), psychose minder dan 1%) zijn
te wijten aan laesies in de amygdala of OFC schade [34, 35]. Dit vereist uitgebreide
kennis van de clinicus van zowel psychiatrische stoornissen als de gedragsstoornissen
die kunnen voortkomen uit OFC schade (of andere neurologische stoornissen) om de
(psychiatrische) symptomen correct te kunnen duiden. Bovendien zijn veranderingen
in de persoonlijkheid als gevolg van organische oorzaken verantwoordelijk voor 2-5%
van alle persoonlijkheidsstoornissen en kunnen ze het best worden geëtiketteerd als
‘organische persoonlijkheidsstoornissen’. In de klinische praktijk moet men alert zijn op
het feit dat deze aandoeningen altijd beginnen met een acute begin met een duidelijke
verandering in levensstijl en gedrag, niet passend bij de premorbide persoonlijkheid.
De overlappende psychopathologie van OFC laesies met een aantal psychiatrische
stoornissen kan inzicht geven in de biologische basis van deze psychiatrische stoornissen.
Last but not least, een onontgonnen gebied, waar de effecten van hersenletsel
een belangrijke rol kunnen spelen bij het verklaren van bijvoorbeeld agressief
gedrag, is de forensische psychiatrie. Een recent onderzoek dat routinematig
gewelddadige en niet-gewelddadige delinquenten op MRI-scans vergeleek, vond een
opmerkelijk hoge prevalentie van structurele afwijkingen in de frontaalkwab bij de
gewelddadige delinquenten [36]. Het hoge percentage niet-gedetecteerde structurele
frontaalschade in de forensiche setting onderstreept de noodzaak om routinematige
(neuro-)psychiatrische beoordeling aan te vullen met een MRI en geïntegreerde
neuropsychologische testbatterijen.
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Word of thanks

Dankwoord
Vandaag, 16 juli 2019, het is bewolkt en 18 graden in Amsterdam. Ik zit in mijn
werkkamer om het dankwoord te schrijven en realiseer mij de route die ik heb afgelegd
om hier te komen en dat het tegelijkertijd een onmogelijke opgave is om iedereen
te bedanken die mij tot dit punt heeft geholpen. Als ik mijn werkkamer rondkijk zie
ik voornamelijk wetenschappelijke artikelen en vakliteratuur liggen naast een aantal
to-do lijstjes, literatuur over de psychiatrie, neurologie en de klinische neuropsychologie
en besef mij temeer dat mijn proefschrift over de onderliggende verhouding gaat
van deze 3 werkvelden. Een beeld wat ik mij 30 jaar geleden nauwelijks had kunnen
voorstellen, waar er andere verwachtingen waren op basis van mijn schoolprestaties.
Ik heb mijzelf door de jaren heen niet laten leiden door een einddoel met een tijdspad.
Het is, terugkijkend, de nieuwsgierigheid naar het onbekende samen met een dosis
passie die mij drijft, beweegt en beroerd. Om afwijkend menselijk gedrag neurologisch
te verklaren is iets wat ik van huis uit heb meegekregen, iets wat ik mij nu nog meer
eigen heb gemaakt met dit proefschrift. De zoektocht naar dat wat je nog niet begrijpt
heeft mij de afgelopen jaren als professional gedreven om dit werk te blijven doen en
heeft mij gebracht tot waar ik nu ben. Daarbij is deze passie door de jaren heen door
verschillende collega’s gestimuleerd, zij hebben mij ruimte gegeven om hier gehoor aan
te geven, waarnaast zij mij ook hebben geïnspireerd om een volgende stap te zetten.
Deze persoonlijke en professionele leergeschiedenis leert mij tegelijkertijd dat met dit
proefschrift het einde nog lang niet in zicht is.
Aan het onderzoek en de totstandkoming van dit proefschrift hebben zoals gezegd
velen bijgedragen en zonder hen zou dit proefschrift niet zijn geworden tot wat het
nu is. Een aantal mensen in het bijzonder wil ik op deze plek graag hiervoor bedanken.
Allereerst wil ik graag mijn grote dank uiten aan alle patiënten en hun familieleden die
hebben meegedaan aan dit proefschrift. Zonder jullie was dit proefschrift nooit tot stand
gekomen! Ondanks de kwetsbare periode in jullie leven hebben jullie je bereid gevonden
om mee te werken aan dit onderzoek. Vele van jullie hebben mij blijvend geïnspireerd
door aan te gegeven dat wetenschappelijk onderzoek een belangrijke bouwsteen is om
de diagnostiek en behandeling naar de gevolgen van NAH te verbeteren. Ik beloof jullie
dat ik mij hiervoor in de toekomst zal blijven inzetten.
Daarnaast wil ik Altrecht (o.a. Wim, Bert, Frederique, Martina) danken voor de
gelegenheid die zij mij hebben geboden om na de opleiding tot Klinisch neuropsycholoog
wetenschappelijk onderzoek verder op te zetten en uitvoeren binnen de klinische
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praktijk. Dank aan alle stagiaires, basispsychologen die de afgelopen jaren de
neuropsychologische onderzoeken hebben afgenomen, data hebben ingevoerd en
gearchiveerd. In het bijzonder Wieke, Kim en Laura, jullie heb ik gevraagd om mee
te willen gaan in de scriptie publicabel maken. Ik realiseer me dat ik veel van jullie
heb gevraagd, jullie mogen trots zijn op het eindresultaat! Uiteraard alle collega’s van
Vesalius die mij de afgelopen jaren hebben ondersteund, gestimuleerd, getroost en
die collega’s in het bijzonder die het mogelijk hebben gemaakt dat elk jaar weer de
contractuele zaken op orde waren (Joep, Monique).
Mijn collega Sarah noem ik hier in het bijzonder, je bent als collega de afgelopen jaren
mijn moreel kompas geworden binnen mijn promotie. Ik kwam vaak bij je toetsen of ik
nog op de juiste koers zat. Jij kon binnen no-time de kern van mijn worsteling benoemen
op zowel de inhoud als procesmatige zaken, je snelle analytische (en kritische) manier
van meedenken is erg helpend geweest in dit proces. Dank daarvoor! Ik hoop echt (en
ik heb het vaak geprobeerd) dat je ooit wetenschappelijk onderzoek en klinisch werk
wil combineren, ik denk dat jij dan een hele grote kan worden.
Natuurlijk wil ik mijn dank uitspreken aan mijn promotoren, Eric Scherder en
Philip Scheltens. Eric, allereerst wil ik je bedanken voor het mogelijk maken van
dit promotietraject. Jij staat aan de wieg van deze promotie, jij hebt mij als eerste
gestimuleerd en geënthousiasmeerd om na de KNP-opleiding een promotietraject te
starten. Daarnaast zag je ook in dat het voor de sectie klinische neuropsychologie
van groot belang is om een klinisch neuropsycholoog (KNP) op de afdeling te hebben,
je hebt je voor mijn behoud op de afdeling elk jaar weer hard gemaakt. Daar ben
ik je erg dankbaar voor! Daarnaast heb je mijn sterk ontwikkelde klinische blik met
een wetenschappelijk attitude verruimd; ‘van klinisch is het zo!’ naar ‘is het zo?‘ Mijn
behoefte om compleet en volledig te zijn, om het vanuit verschillende perspectieven te
bekijken en te beschrijven, is door jouw doelgerichtheid en focus telkens weer opnieuw
gereduceerd tot wat het moet zijn om het te publiceren. Hierin heb ik heel veel van je
geleerd. En ja, je hebt mij ook geleerd om binnen 5 minuten, op een hoog wandeltempo,
alles te bespreken. Daarnaast is je persoonlijke betrokkenheid bij ons hartverwarmend.
Philip eveneens dank voor het mogelijk maken van mijn promotie! Ondanks dat wij
elkaar weinig hebben gezien heb je altijd de tijd genomen om mij te voorzien van
kritische feedback. Jouw mooie opmerkingen over mijn conclusie betekenen veel voor
mij, je hebt mij hiermee als science-practitioner vertrouwen gegeven dat ik op de goede
weg zit.
Dank aan alle kamergenoten die ik de afgelopen jaren heb gehad, speciale dank aan mijn
laatste kamergenoten in Transitorium (Tarik, Gwenda, Gerdien) voor een geweldige
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sfeer op vrijdagmiddag en voor de nutteloze en eindeloze gesprekken die wij hebben
gehad. Wouter zonder jou had ik niet zo’n prachtig netwerk-artikel kunnen schrijven, je
rust en geduld om mij telkens weer uit te leggen wat de statistische analyses allemaal
betekenen heb ik erg gewaardeerd. Ik hoop nog vaak met je te kunnen samenwerken.
Ditzelfde geldt voor Kasper, jouw snelheid van denken, je statistische analyses op basis
van klinische data geven prachtige inzichten en conclusies die ik als clinicus niet snel
zal trekken.
Dear Ashok, what a friend you are! We met in San Francisco, since then we see
each other 1 or 2 times a year in the context of teaching neuropsychology at both
our Universities. We have more than a professional relationship. I hope that our
collaboration will continue for a very long time.
Graag wil ik de volgende hoogleraren bedanken voor hun deskundigheid bij het lezen
van mijn proefschrift en/of het opponeren op 7 november: Prof. Rudolf Ponds, Prof.
Joke Spikman, Prof. Lydia Krabbedam, Prof. Wiepke Cahn, Dr. Lucres Nauta-Jansen,
Dr. Yolande Pijnenburg. Ik verheug mij op onze gedachtewisseling tijdens de verdediging!
Pa, Cees, wie had dat gedacht dat wij ooit zouden samenwerken aan mijn promotie!
Wat een mooie, leerzame en bijzondere ervaring om samen met jou artikelen te
schrijven. Je bent echt een klinische wetenschapper, je hebt een sterke behoefte om
dat wat je niet weet te willen snappen, je behoefte om volledig te willen zijn binnen
de wetenschappelijke kaders beheers je als geen ander, waarbij je nooit het patiënten
perspectief uit het oog verliest. Ik heb veel geleerd van je socratische- analytische
manier van vragen stellen over de literatuur en bestaande concepten, je durf om
dat wat duidelijk lijkt kritisch te bevragen. De momenten waar ik het meest van heb
genoten waren de momenten dat wij op basis van de literatuur, de data, een eigen
‘Jonker-analyse’ hadden over de onderlinge samenhang tussen anatomie-functie en
gedrag. Met zijn tweeën, beide vanuit een ander perspectief, konden wij deze complexe
interactie reduceren tot één helder klinisch concept, waarnaast wij ideeën hadden over
hoe wij de ‘klinische-neuro-wereld‘ zouden willen veranderen. Om dit samen met jou
te doen heeft onze band alleen maar sterker gemaakt, wij hebben elkaar zonder enige
rolverwarring feilloos gevonden als vader en zoon als promovendus en professor. Deze
ervaring met jou draag ik voor altijd met me mee.
Lieve Lianne, de start van dit promotietraject liep gelijk aan ons al lopende kinderwens.
Het verdriet wat wij hebben over het niet uitkomen van deze wens is op momenten
nog steeds voelbaar. Desondanks heb je mij altijd gesteund vanaf het begin tot het eind
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in dit traject, waar ik zonder jouw kracht, liefde en support dit nooit had aangekund.
Dit bevestigt voor mij nogmaals hoe sterk jij bent. Jouw verfrissende en verrassende
‘kleinkunst kijk’ op mijn vastgelopen gedachtes, mijn worstelingen, mijn pogingen om
e.e.a. helder te krijgen hebben ervoor gezorgd dat ik telkens weer met andere ogen
naar het proefschrift kon kijken. Nooit heb ik je horen klagen als ik weer eens een avond
langer doorwerkte, maar belangrijker nog is het vertrouwen wat je in mij hebt daar
waar het bij mij soms ontbrak. Zonder jouw onvoorwaardelijke liefde had ik dit nooit
gekund: ik hou zielsveel van je!
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