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Chapter 2

HISTORICAL
EVOLUTION OF THE
FRONTAL LOBE
SYNDROME

W.A. Krudop, Y.A.L. Pijnenburg
Psychopathology 2015;48(4):222-9.

ABSTRACT
The function of the frontal lobes and the related frontal lobe syndrome hasn’t been described
in detail until relatively late in history. Slowly, the combination of knowledge from animal
models, the detailed examination of symptoms after traumatic frontal lobe injuries and the
rise and fall of the psychosurgery lead to increasing insight in frontal lobe function. The
fronto-subcortical circuits were described and increasingly related to clinical syndromes,
confirmed by the latest developments in functional connectivity networks.
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A HISTORY OF THE FRONTAL LOBES

2
Historical evolution of the frontal lobe syndrome

Hippocrates (460-377 BC) and his contemporaries were the first known to describe not the
heart but the brain as the source of intelligence and thought [1]. Throughout history many
efforts to modify the human behavior by skull or brain surgery have taken place and many
prehistoric examples of trepanation and subsequent bone healing have been found [2].
Although it is likely that in some of these cases neurological or psychiatric illnesses were
the underlying disorders, obviously very little understanding of the underlying physiology
was present and the procedures were veiled by mystical or shamanistic rituals [2].
It wasn’t until Thomas Willis in the 17th century that someone attributed the higher
cognitive functions to the cerebral cortex. Although many scientists throughout the ages
described, drew or painted the shape of and the different structures within the brain,
little was known about the function of the frontal lobes. The French anatomist Francois
Chaussier (1746-1828) was the first to make an adequate description of the frontal lobes and
created the division of the brain into the different lobes as we still use it. The philosopher
and theologian Emanuel Swedenborg (1688-1772) linked the frontal lobes to a number of
functions: imagination, memory, thought and suffering, but his work was overlooked in his
time. Franz Joseph Gall (1758-1832) and Johann Kaspar Spurzheim (1776-1832) argued
that since animals have smaller frontal lobes compared to humans, this area must harbor
the highest human functions [1]. The extraordinary case of the railway worker Phineas
Gage mid-19th century, surviving severe damage to his frontal lobe by an iron rod, caused
a major step in understanding the frontal lobe function by description of a wide range of
character and behavioral changes [3].

Phineas Gage with iron rod and reconstruction skull
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Moses Allan Starr (1884) reviewed the American literature on behavioral changes after
tumors, abscesses and traumatic lesions and noted that frontal lobe damage often affected
attention, intellect, temperament and personality. Paul Broca described part of the frontal
lobes as ‘the speaking centre’ resulting in an eponym for the phenomena of a motoric
aphasia, but he noted the total frontal lobes to be the area for higher intellectual functions
as well. Arnold Pick (1851-1924) first described patients with frontal and temporal
degeneration who showed indifference, poor judgment and insight, diminished creativity,
careless dressing, antisocial behavior and aphasia [4]. Pick’s primary interests were the
language and behavioral disturbances and he did not claim to have found a new disease. It
was Carl Sneider who, among others, introduced the eponym ‘Pick’s disease’ for the frontal
lobe degeneration accompanied by behavioral disturbances, followed by focal symptoms
and generalized dementia [5]. In the 19th and 20th century multiple scientific papers on
altered behavior, poor planning and restlessness in animals after frontal lobe damages
were published by Bianchi and others [1;6]. During World War I and II large numbers
of soldiers suffered from frontal lobe damage and Poppelreuter (1918), Berger (1920) and
Feuchtwanger (1923) described impaired thinking and reasoning, perseveration, reduced
attention, euphoria, loss of initiative and emotional changes in these patients [1]. Luria
(1902-1977) investigated the frontal lobes by studying soldiers with penetrating head
injuries, as well as patients with tumors and other focal lesions. In Higher cortical Functions
in Man (1962) he described the frontal lobes exerting a controlling function in the hierarchy
of the brain and operating the planning, executing and monitoring of mental processes [1].
In the late 19th century the psychiatrist Gottlieb was the first to perform modern
psychosurgery on a patient with intractable psychiatric illness [2]. In 1935 the era of the
modern psychosurgery on a large scale began [7]. With the exertion of Moniz and Lima,
implementing damaging the neuronal tracts in the frontal lobes in patients with mental
illnesses, psychosurgery took a flight [2;7]. Moniz received the Nobel prize for his work
(1949), which at the time was considered an important advance in treating seriously ill
patients with severe psychotic, aggressive or anxious conditions for whom no effective
therapy was available. Watts and Freeman introduced the lobotomy through boreholes, a
less invasive procedure evoking comparable features like ‘dispassion’, indifference or inertia
[8]. Freeman recites on the patient’s reduced emotional reaction regarding anything that
affected the patient him- or herself [8;9]. The widespread availability, performed without
anesthesia, led to more than 60.000 lobotomies being done in the US between 1936 and
1956 [10]. The various frontal surgeries were designed to destroy the connections, assumed
to account for mental illness, by disrupting frontal-subcortical circuits, the anterior
thalamic radiation to the frontal cortex and limbic circuits by means of discrete frontal
white matter lesions or in some cases by alcohol injections into the white matter [7;8]. Some
patients did improve, but many treatments resulted in seizures, incontinence, severe apathy
or death. These complications, as well as the rise of effective antipsychotic medications in
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the 1950’s, led to frontal surgery being abandoned by the 1970s [1;10]. During the first half
of the 20th century the focus considering mental illnesses lay more on psychoanalysis, but
Geschwind’s paper “Disconnexion syndromes in animals and man” restarted the quest for
neuro-anatomical connections and their associated syndromes in 1965 [6;11].

Tools and techniques of leucotomies
(Handbook of clinical neurology, Vinken, Bruyn, Klawans, 1989)

Clinical features of the frontal lobe syndrome
The term ‘frontal lobe syndrome’ (FLS) has been used in many ways over the years [1]. In some
rare cases, the FLS definition includes the symptoms attributed to the more posterior parts
of the frontal lobe: impairments in speech, frontal eye movements, control of continence
and motor function [6;12]. In most cases though, the FLS refers to a clinical syndrome
associated with functional or structural changes in the prefrontal cortex (anterior to the
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motor cortex), leading to personality, affective or behavioral changes. Historical scientists
like Moniz or Benson already described multiple features still considered to be caused by
frontal lobe dysfunction: indifference, distractibility, emotional instability, diminished
anxiety, impulsiveness, facetiousness, euphoria, a lack of initiative and impaired integration
of behavior over time [7;13]. Added to these symptoms where impairment on executive
functioning, deficits on working memory, lack of concern with events in the past or the future,
impaired concentration, poor judgment, inappropriate social behavior, hallucinations,
utilization behavior, imitation and the ‘environmental dependency syndrome’ [1;9;10;1317]. The FLS was summarized by Nauta as an impairment to integrate information from the
internal milieu with the environment, provided by neocortical processing [16]. In the 1980’s
Stuss and Benson collected information on long-term effects of leucotomies and suggested
that the prefrontal cortex consisted of three major anatomical regions: the orbitofrontal,
anterior cingulate and dorsolateral prefrontal cortex [18]. After this, regional specialization
within the frontal lobes was increasingly recognized and these three cortical prefrontal
regions repeatedly turned out to be correlated with specific neuropsychiatric features [17].

Anatomical frontal-subcortical circuits
The regional specializations became increasingly known, but it seemed that damage in
connected areas could result in similar symptoms. Wernicke, Pavlov and Luria were some
of the first considering specific locations to be part of a large-scale network [1]. Alexander
et al. published a detailed description of the anatomy of multiple segregated ‘loops’ running
from cortical areas to the subcortical grey matter within the frontal lobes creating a first
basis for a more network-based approach [19]. By then, it was already clearly stated by
Damasio and Geschwind that the effects of damaging a circumscribed locus could only be
understood by taking into account that the healthy brain tissue that has been destroyed was
a component of a neural network [20]. According to Geschwind, only very simple cognitive
functions could be assigned to defined areas, but higher order cognitive processes must be
the achievement of the fiber tracts connecting the different regions [6]. The anatomically
distinguishable parallel but separated fronto-subcortical circuits suggested by Alexander
et al. are now generally accepted [19;21]. The frontal-subcortical circuits described by
Alexander were elaborated in more detail by Cummings [1;19;22]. These consist of
subcortical loops, beginning in prefrontal cortex and proceeding to the striatum, globus
pallidus, thalamus and back to the cortex [22]. Each frontal-subcortical circuit has both a
direct pathway, projecting from globus pallidus interna to medial thalamic regions, and an
indirect pathway, projecting from globus pallidus externa to the subthalamic nucleus and
back to the globus pallidus interna before connecting to thalamic nuclei [12]. These circuits
include a motor circuit that originates in the supplementary motor area, an oculomotor
circuit originating in the frontal eye fields and three ‘behavioral’ circuits [19;21]. The main
cortical areas within these circuits correspond with the areas earlier described by Stuss and
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Differential diagnosis
In case of the occurrence of a frontal lobe syndrome, a broad differential diagnostic
spectrum may be considered. Cerebral infarction, hemorrhage, intracerebral or intracranial
extracerebral tumors, multiple sclerosis, hydrocephalus and traumatic brain injuries may,
among other causes, damage the brain tissue causing a combination of different frontal
lobe syndrome features [12;23;24]. Among the neurodegenerative disorders (many in
their turn associated with a heterogeneous range of pathologies) behavioral variant
frontotemporal dementia (bvFTD) most specifically affects the frontal and temporal lobes
[25]. Mild cognitive impairment (MCI) or dementia due to Alzheimer’s disease (AD) can
present with a clinically apparent frontal lobe syndrome [26-28]. Also, dementia with Lewy
bodies (DLB), progressive supranuclear palsy (PSP), corticobasal degeneration (CBD),
Parkinson’s disease, vascular dementia (VaD) and myotonic dystrophy type 2 can all result
in similar symptoms [29-35]. Especially apathy is apparent frequently in especially VaD
and Parkinson’s disease [29;36]. Cerebral vasculitides, infectious disorders or inflammatory
brain diseases may also give rise to a clinical FLS [37]. Among the toxic etiologies of an FLS,
excessive alcohol use (and its associated withdrawal or deficiency syndromes) is probably
the most common cause [37].
Furthermore, a number of psychiatric disorders can result in functional defects of the
same fronto-subcortical circuits [22;38]. Emotional blunting, apathy, economy of thought
and speech are frequently presenting symptoms of a psychiatric syndrome. The negative
symptoms in schizophrenia, depression, dysthymic disorder or autism spectrum disorders
can involve the same fronto-subcortical circuits resulting in apathy and lack of initiative.
Similarly, in manic episodes, bipolar disorder, anxiety disorders, obsessive-compulsive
disorder or tic syndromes (e.g. Tourette’s) other behavioral disturbances like stereotypical
language, motor or disinhibition occur [39-44]. Many of the differential diagnoses show great
clinical overlap, especially bvFTD and psychiatric disorders, like schizophrenia [45-47].

2
Historical evolution of the frontal lobe syndrome

Benson: disturbances within the dorsolateral prefrontal circuit are associated with impaired
organization, generation of ideas and planning, inflexibility, poor abstraction skills and
distractibility [12;21;22]. Disturbances of the orbitofrontal circuit are associated with
restlessness, impulsiveness, disinhibition, perseveration, aggression, euphoria, imitation,
utilization, compulsive or ritualistic behavior, inappropriate social behavior, impaired
empathy and impaired theory of mind (the ability to attribute mental states to others and to
oneself) [12;21;22]. Disturbances of the medial frontal circuit are associated with apathy and
loss of initiative, diminished motor activity, general and emotional indifference, reduced
social interest, impaired problem solving, poor maintenance of implemented activities,
hyperorality and loss of insight [12;21;22]. It was also acknowledged that regional damage
at different localizations anywhere within one circuit could give rise to the same syndrome,
confirming the clinical relevance of these circuits [22].
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The use of biomarkers in differentiating between FLS causes
After taking a detailed history and a physical exam, more discriminating instruments might
be needed to differentiate between frontal lobe syndrome causes. Measuring CSF levels of
Amyloid-beta, total Tau and phosphorylated Tau (p-tau) is mainly helpful to distinguish
FTD from Alzheimer’s disease (AD), but no specific pattern is found in other causes of FLS
[48-53].
In psychiatric disorders like depression and schizophrenia CSF biomarker results have
been found to vary between normal to slightly elevated tau and p-tau levels compared to
healthy controls but significantly lower than seen in AD, which could possibly be explained
by co-occurrence of AD pathology in elderly populations [54-56] .
Structural magnetic resonance imaging (MRI) scanning of the brain reveals many
of the above mentioned causes of the FLS. Posterior cortical or medial temporal lobe
atrophy in Alzheimer’s disease or disproportional lobar atrophy in 50-70% of the bvFTD
patients for instance [57;58]. Nonetheless, some neurodegenerative or psychiatric do not
show structural brain changes or, if they do so, these show overlap with other disorder
[57;59]. If AD or DLB pathology is suspected a brain PET Pittsburgh compound B (PIB)
or Dopamine Transporter (DaT) SPECT respectively may help to differentiate [37].
Fluorodeoxyglucose positron emission tomography ([18F ]FDG-PET) with visual rating
may detect hypometabolism in the frontal lobes at a stage structural damage is not yet
notable[37]. In bvFTD sensitivity rises to a range from 70% (MRI) to 81% up till 90% when
[18F ]FDG-PET is added [57;60]. Alternatively, it has been suggested that MR perfusion
scanning gives similar information as an FDG-PET, without the exposure to radiation and
therefore might be the preferred imaging modality [37].
Functional networks and their clinical correlates
In the recent years several large-scale functional connectivity patterns have been identified
by functional neuroimaging techniques. Spatially distinct brain regions with co-varying
resting state fMRI signals are considered to be functionally connected and this way fMRI
reveals functional networks [61]. Overall, functional and structural connectivity in the
human brain is believed to be strongly correlated and several studies have shown a direct
association between functional and structural connectivity [62]. Connectivity studies have
provided confirmation of the frontal networks that were already suspected on the bases
of the anatomically described fronto-subcortical circuits [45]. Two specific resting state
functional networks have confirmed the link between the frontal cortex and the subcortical
grey matter and are relevant when considering FLS [19;22;63]. The salience network is
made out by linked structures in the anterior cingulate, the orbital frontoinsular cortex,
paralimbic and subcortical structures (i.a. thalamus, hypothalamus, putamen, substantia
nigra) [63;64]. The executive control network links the dorsolateral prefrontal cortex to
subcortical regions (i.a. thalamus, nucleus caudatus) as well as the parietal neocortex
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Instruments to measure frontal lobe dysfunction
Many test have been developed to evaluate executive functioning and other frontal lobe
functions. Within a neuropsychological test battery a selection of specific executive function
tests can be made, like the Trail making tests (TMT-A and TMT-B), letter (and category)
fluency list generation, the Rey complex figure test or the Wisconsin Card Sorting Test [37].
Some test focus more specifically on inhibitory functioning, like the Iowa Gambling Test,
the Stroop test or the Hayling test of sentence completion [37;66]. Reduced abstraction
can be measured with the similarities subtest of the Wechsler Adult Intelligence Scale or
the rule shift cards of the Behavioural Assessment of the Dysexecutive Syndrome [37;67].
To evaluate social cognition and emotion recognition tests like the Faux-Pas, Reading
the Mind in the Eyes test or the Ekman faces have been developed [68;69]. Alternatively,
short bedside tests, like the Frontal Assessment Battery, are widely spread used [70]. New
alternatives are developed that aim to replicate daily life activities to enhance ecological
validity like the Virtual Kitchen Test [71]. And, since in many patients disease insight is
lacking due to frontal dysfunction, the behavior changes can be quantified using informant
based questionnaires like the Frontal Behavioral Inventory or the Stereotypy Rating
Inventory [72;73].
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[63;64]. These two networks are involved in stressor-associated anxiety and behavior,
integrating sensory data with internal stimuli, emotional homeostatic regulation, directing
attention and controlling oneself within a context [63]. Disruption of the salience network
activity has been demonstrated in various disorders like bvFTD, schizophrenia or autism
spectrum disorders [64;65].

DISCUSSION
The function of the frontal lobes and the related frontal lobe syndrome has been described
in detail relatively late in history. The fronto-subcortical circuits were examined carefully
and have repeatedly shown to correlate to clinical syndromes: i.e. the dorsolateral prefrontal,
the orbitofrontal circuit and the anterior cingulate circuit. Damage to these circuits is
associated with three distinct frontal behavioral syndromes: a dysexecutive, a disinhibited
and an apathetic syndrome, respectively [18;19;21;22]. The symptoms associated with these
behavioral syndromes (in short, resulting in the lost ability to integrate internal and external
stimuli and direct attention into appropriate and adequate behavior) and their anatomical
correlated have been confirmed in functional connectivity studies [63]. The salience and
the executive control network are important for maintaining a homeostatic affective and
behavioral status. The frontal cortical and subcortical structures, forming functional
networks, are essential for deciding what to do (or not to do) next [63;64].
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After it became increasingly clear that not all FLS symptoms are caused by dysfunction
in the frontal cortex itself, it has been proposed to use the term ‘executive dysfunction
syndrome’ instead [24;67]. The notification that the frontal lobe syndrome can be caused by
damage to the basal ganglia or white matter as well is valid and the term FLS has its limitations.
Nonetheless, the term ‘executive dysfunction syndrome’ seems to narrow to cover the full
spectrum of symptoms. Executive functioning incorporates planning, organizing, making
judgment in difficult situations as well as a supervisory system weighing previously gained
information in novel situations. Some authors try to incorporate many frontal behavioral
symptoms within the dysexecutive syndrome [6;19;24;74;75]. Nevertheless, the frontal
lobes not only integrate internal and external stimuli into adequate choices, attention and
behavior, but also have a major impact on mood, motivation, the ability to feel empathy and
(the lack of) insight [21;22]. Furthermore, the dysexecutive symptoms seem to correlate
specifically with only the dorsolateral prefrontal circuit, so it seems logical to reserve this
term for this specific sub-syndrome [22;75].
The term ‘frontal lobe syndrome’ seems more suited for describing the broad spectrum
of behavioral and executive impairments associated with fronto-subcortical dysfunction,
provided that the term is not just reserved for cortical dysfunction, but may be used for all
structural disruptions and functional hypo-activity within the fronto-subcortical circuits,
leading to a frontal behavioral or dysexecutive syndrome.
The clinical approach of diseases causing a frontal lobe syndrome has made some
progress in the recent years. Imaging techniques like MRI have improved the diagnostic
process and made the identification of neurological diseases easier and more precise.
Alzheimer’s disease, the most common neurodegenerative disease, and it’s accompanying
amyloid-deposition can be identified by CSF or imaging examination. Nonetheless,
especially the distinction between bvFTD on the one hand and psychiatric diagnoses
(e.g. depression, schizophrenia and many others) on the other, remains challenging since
these groups show great clinical overlap, but both lack structural imaging abnormalities or
specific disease biomarkers [46;76]. Moreover, most instruments measuring frontal lobe
functions in bvFTD have been tested against dementia patients or healthy controls as a
control group, instead of the clinically more relevant psychiatric diagnosis [45;76].
The hypothesized overlap in functional localization of bvFTD and psychiatric disorders
has increasingly been confirmed by changes in network activity. The results are also indicative
of clinical frontal syndrome severity correlating with loss of connectivity in the salience
network [65]. These new developments are exciting and give insight in the pathophysiology
of the frontal lobe syndrome. For instance, specific genetic subtypes of bvFTD have shown
to express specific fMRI patterns and presymptomatic mutation carriers showed worsening
of the salience network connectivity with advancing age [77]. How genetic and epigenetic
factors influence the large-scale brain connectivity and how they increase or decrease
specific psychiatric and neurological disorders needs to be further investigated.
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Given the heterogeneity of the FLS, future treatment research will probably focus on specific
etiologic subtypes, identified by biological measures and genetic testing, but it remains
interesting to involve the large scale networks in order to maintain a disease transcending
overview. Apart from a clear autosomal dominant pathogenic mutation in some FLS causes,
there might be a shared susceptibility for some of the differential diagnosis disorders [47].
Another focus of future research will be the improvement of pharmacological treatment
options. For the neurodegenerative disorders no disease course changing treatment
exists yet, so the focus of present pharmacological therapy is mainly symptomatic relief.
Psychiatric disorders are treated according to their categorized treatment protocols, but
in some cases antidepressants or antipsychotics have an off-label effect in other disorders.
Some studies have shown a positive effect of serotonin selective reuptake inhibitors or
Trazodone on the symptoms in bvFTD [37]. Cholinesterase inhibitors might be effective in
AD, but no acetylcholine deficiency has been demonstrated in bvFTD [45]. Antipsychotics
may be helpful in patients with disinhibition or compulsive behavior, but it must be noted
that especially patients with a underlying neurodegenerative disease might be predisposed
towards harmful side effects [45].
Since these pharmacological interventions are limited and no disease-modifying
treatment is currently available, non-pharmacological interventions may provide a mean to
decrease symptom severity as well as caregiver burden [78;79]. On the one hand, patients
can be learned compensatory behavior. Depending on the affected cognitive domains,
especially memory function, methods focusing on adaptation of the patients reaction
to certain environmental cues have shown be effective [78;79]. On the other hand, since
many patients with frontal dysfunction develop utilization behavior up till some extend
or even an excessive dependence upon environmental cues (sometimes referred to as an
‘environmental dependency syndrome’), modifying the environment may be of substantial
benefit [79]. Nonetheless, well-designed large-scale research to examine the effects of nonpharmacological interventions on behavioral symptoms of FTD are needed [80].

CONCLUSION
The term frontal lobe syndrome (FLS) has evolved over the last two centuries. Specific
clinical features, integrating internal and external stimuli and directing attention with
appropriate and adequate behavior as a result, have been repeatedly associated with the
fronto-subcortical circuits. Dysfunction within those circuits result in the failure to adjust
ones behavior appropriately in response to external contingencies. Structural and functional
imaging have provided substantial evidence for these clinico-functional anatomical
correlations.
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