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Abstract

A fundamental feature of the human brain is the substantial inhibition it normally experiences from different sources. One of the most important
of these is callosal inhibition, most prominently manifested in the inhibition of the right hemisphere by the left one. Such inhibition may be especially
prevalent during the preparation and execution of speech and other motor behavior, which preferentially activate the dopamine-rich left hemisphere
of most humans. Release from left-hemispheric inhibition due to damage to the left hemisphere has been shown to lead to compensation by the
right-hemisphere in speech, but paradoxical facilitation of the right hemisphere may also occur in many other instances. This review will discuss
the basis for the left-hemispheric inhibition and show how disinhibition of the right hemisphere may underlie the emergence of previously latent
prosodic and artistic/creative skills in two rare and enigmatic brain syndromes—acquired savantism and foreign accent syndrome.
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Introduction

Remarkable progress has been made in our understanding of
the human brain. Prior to 1950, little was known of the major vi-
sual pathways of the brain, the origins and nature of cerebral lat-
eralization, the major motivational pathways in the brain, the hip-
pocampal network for creation of new memories, the roles of key
neurochemicals such as dopamine, the neural basis of most clinical
disorders, etc. But despite all these impressive discoveries, many
rare and fascinating syndromes remain mysteries in terms of their
neural origins. Two such syndromes—acquired savantism (AS) and
foreign accent syndrome (FAS)—will be reviewed in this paper
with the purpose of illustrating the importance of callosal inhibi-
tion in brain function.

In his famous 1965 paper entitled “Disconnexion Syndromes
in Animals and Humans”, Geschwind (1965) illustrated the im-
portance of connecting tracts in the cortex by demonstrating how
relatively uncommon and dissimilar disorders such as conduction
aphasia, facial apraxia, and alexia without agraphia could be under-
stood in terms of lesions to callosal and other connections between
cortical regions. Similarly, AS and FAS were chosen in this paper to
highlight the importance of left-hemispheric disinhibition and its
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release, not because of their overlapping symptoms but because of
the evidence that left-hemispheric damage may be associated with
the newfound abilities in both syndromes (artistic creativity in AS
and unusual prosodic capabilities in FAS). Acquired savantism can
occur either suddenly due to traumatic brain injury or more gradu-
ally in certain dementias, both of which result in the emergence of
latent artistic and creative skills. As will be discussed later, when it
is due to unilateral brain damage, typically the left-hemisphere is
impaired. Acquired savantism is not to be confused with congen-
ital savantism (CS), which exhibits a different demographic and
symptom profile. Foreign accent syndrome, the adoption of a qua-
si-foreign accent in otherwise normal individuals, is more common
than AS and, when it is neurogenic in origin, has been much more
convincingly shown to be the product of left-hemispheric (mainly
left-frontal) damage.

This review is a narrative rather than a systematic one, for three
main reasons. First, the role of left-hemispheric damage in FAS has
been the subject of several excellent prior reviews each with over
a dozen cases, all consistent with theory presented here. By con-
trast, aside from a few case reports and a lone statistical study of
AS in fronto-temporal dementia (Miller et al., 2000), a search of the
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literature using a variety of different terms such as “acquired savan-
tism” along with “brain damage”, “brain imaging”, “lateralization”,
etc.,, yielded no other research that could justify a systematic re-
view of left-hemispheric dysfunction and AS. Finally, this narrative
review proposes a more comprehensive theory than any to date
concerning the mechanisms as to why the left hemisphere exhibits
inhibitory superiority and how this inhibition contributes to FAS
and AS.

This review will consist of two main parts. First, the nature of
left-hemispheric inhibition will be described, focusing on two main
mechanisms—callosal inhibition and motoric inhibition—both of
which have been studied for decades. Callosal inhibition involves
suppressing activity in homologous areas of the opposite hemi-
sphere and has been described by Cook (1984), with some justifi-
cation, as the “key to the brain code”. Motoric inhibition involves the
suppression of competing motor circuitry and the control over sen-
sory processes during the planning and execution of actions. Motor-
ic inhibition can be intra-hemispheric as well as interhemispheric,
with the latter being a crucial element of the overall predominance
of the left hemisphere in motor behavior (see later section). The
review will then proceed to describe some of the essential features
of FAS and AS and how they both are consequent to left-hemispher-
ic damage. The original intent of this review was to include anoth-
er rare brain syndrome known as heautoscopy (the experience of
seeing and feeling an image of one’s own body in near-corporeal
space), which has often been attributed to left-hemispheric damage
and disinhibition of the right-hemisphere’s stored egocentric bodi-
ly representations (Anzelotti et al., 2011; Blanke & Mohr, 2005). But
a recent review suggests heautoscopy may be more dependent on
bilateral damage than either AS or FAS (Blondieux et al., 2021), so it
will not be reviewed here.

The Origins and Nature of Left-Hemispheric Inhibi-
tion

Neural Inhibition

One of the most remarkable features of the human brain is its
efficiency. Despite having massive connectivity and processing on
a par with the best supercomputers and possessing capabilities in
most intellectual areas superior to the latter, the human brain uses
less than the equivalent power of a refrigerator light bulb (10-15W,
~20% of overall body consumption) (Jorgensen, 2022). The reason
for this is that most neurons are stimulated only when activated,
firing on average only once per second despite a theoretical capa-
bility over 100 times more (Lennie, 2003). A large percentage of
that energy use comes from excitatory action potentials (Attwell
& ladecola, 2002; Lennie, 2003). Based on estimates derived from
single-neuronal sampling, as little as one percent of the human cor-
tex is active at any moment in time, giving rise to such terms as
“brain dark matter” and the “dormant brain” (Ovsepian, 2019; Sho-
ham et al,, 2006). While some neurons such as vestibular ones may
exhibit high baseline firing rates up to 100 Hz (Gittis etal., 2010), as
many as 90% may rarely fire at all (Ovsepian, 2019). Even much of
the active neuronal outputs may lie outside the realm of conscious
awareness, with one widely cited estimate suggesting that as little
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as 5% of experience is consciously perceived and acted upon (Zalt-
man, 2003), a view consistent with the latent artistic skills and for-
eign accents eventually unleashed in AS and FAS.

A major reason why the brain is so silent is because of inhibito-
ry mechanisms. Inhibition has long been viewed as a fundamental
feature of the brain (Bari & Robbins, 2013). The balance between
excitation and inhibition is largely maintained by neurons using ex-
citatory glutamate (the most common neurotransmitter) and inhib-
itory gamma aminobutyric acid (GABA, the second-most common
neurotransmitter, synthesized from glutamate) (Petroff, 2002).
Although glutamatergic neurons outnumber those of GABA, just as
the number of excitatory synapses overall exceeds the number of
inhibitory ones (especially in the cerebral cortex), the latter play a
critical role in key structures such as the basal ganglia and hippo-
campus (Garret et al., 2018). Well-known neurotransmitters such
as dopamine and norepinephrine additionally provide important
inhibitory influences in various cortical and subcortical systems
(Bari & Robbins, 2003; Cooper et al., 2003; Lorenz et al., 2015).

The predominant form of intra-hemispheric inhibition is argu-
ably that emanating from the prefrontal cortex and basal ganglia
(caudate nucleus, putamen, and globus pallidus), all rich in dopa-
mine. Underactivity in the former region may underlie increased
impulsivity and disorganized cognitive control in disorders such as
attention-deficit/hyperactivity disorder and schizophrenia (Bari
& Robbins, 2003). Generally, dorsolateral prefrontal regions—the
site of “executive intelligence”—provide the inhibition essential to
motor and cognitive control while ventromedial regions appear to
be more important in emotional regulation (Demakis, 2003; Dillon
& Pizzagalli, 2007). Examples of the dorsolateral prefrontal influ-
ence are the inability to inhibit saccades in the anti-saccade task
and the inability to switch strategies and avoid perseveration in
the Wisconsin Card-Sorting Task after dorsolateral frontal damage
(Demakis, 2003). The striatum (caudate and putamen) houses both
cognitive and motor functions as part of its role in the larger cor-
tico-striatal networks and is involved in both initiating and guid-
ing smooth motor responses via inhibitory circuits (Garret et al.,
2018). GABA neurons play an important role in inhibiting output
of the striatum, as attested to by the aberrant motor and cognitive
behavior found in Huntington’s Disease (Garret et al., 2018), but
dopaminergic circuits also play an important and largely inhibitory
role in the output of the nigrostriatal pathways (Bari & Robbins,
2013; Cooper et al.,, 2003). By contrast, norepinephrine provides
inhibition for sensory and cognitive filtering in prefrontal and other
regions of the brain (Bari & Robbins, 2013).

A related concept to neural inhibition is “paradoxical facilita-
tion” (Kapur, 1996). This refers to the increased excitability and
output of a region following removal of an area that is presumed
to be inhibiting it. Examples of the varied conditions that lead to
paradoxical facilitation include the enhanced activity in certain
visual regions (e.g., visual cortex) when other structures (e.g., the
superior colliculus) are damaged (Sprague, 1966), the greater stri-
atal output and impulsivity during frontal underactivity (Bari &
Robbins, 2013), and the unleashing of dopaminergic motor circuits
in the basal ganglia after degeneration of GABA spiny neurons (Gar-
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ret et al., 2018). Paradoxical facilitation frequently involves release
from interhemispheric inhibition, as during recovery of speech
function following unilateral damage (usually left-hemispheric)
and improvement of contralateral neglect caused by right-parietal
lesions when the left frontal cortex is subsequently damaged (Ka-
pur, 1996). As mentioned previously, paradoxical facilitation in the
form of right-hemispheric disinhibition is theorized to underlie the
sudden appearance of unusual abilities and accents in AS and FAS,
respectively.

Callosal Inhibition

The human brain of most individuals is distinguished by its large
degree of hemispheric specialization. Among the many functions
differentially represented in the two hemispheres are language,
music, mathematics, and emotional behavior (Banic, 2009). In most
of these functions, each hemisphere contributes unique specializa-
tions (e.g., grammar and speech in left hemisphere; pragmatic as-
pects of language in right). Of the various anatomical differences
between the hemispheres in the adult human brain, those in the
parietal-temporal area housing the primary auditory and vestib-
ular cortical representations are among the most salient (Kuo &
Massoud, 2022). In the neonatal brain, the most prominent neu-
roanatomical differences are located in the posterior brain, while
frontal speech areas in the inferior frontal lobe are hardly lateral-
ized (Williams et al., 2023; see also Simonds & Scheibel, 1982). The
inhibitory actions of the massive body of callosal axons have been
viewed as crucial for the establishment of hemispheric differences
(Cook, 1984). Electrophysiological evidence has verified the exis-
tence of interhemispheric inhibition in human motor cortex follow-
ing magnetic stimulation of one hemisphere (Ferbert et al., 1992),
and such inhibition is reduced after infarcts of the callosum (Li et
al,, 2013). White-matter imaging techniques such as diffusion-ten-
sor imaging have shown that the volume of the corpus callosum
axons in the parietal-temporal region joining together the auditory
and vestibular cortical processing centers predicts the amount of
language lateralization (Karpychev et al, 2022) and handedness
(Kurth etal.,, 2013).

According to Previc (1991), primordial vestibular and audito-
ry differences at birth cascade into major functional differences in
adulthood through inhibitory processes mediated by the corpus
callosum. This theory is supported not only by the greater ana-
tomical asymmetries in the posterior neonatal brain but also by
the inability to establish normal speech lateralization if deafness
is prolonged past the critical period of early childhood (Marcotte
& Morere, 1990) and by the relationship between vestibular corti-
cal asymmetry and handedness (Kirsch et al., 2018; Previc, 1991).

The most important evidence for the role of left-hemispheric inhi-
bition in the establishment of cerebral lateralization is provided
by studies of callosal agenesis and the right-hemispheric compen-
sation during recovery of linguistic functions following left-hemi-
spheric damage to the adult brain. About one in 4000 individuals
are born with complete or partial absence of the corpus callosum,
in a condition known as “callosal agenesis” (Brown & Paul, 2019).
This condition is caused by neurodevelopmental disruption during
the late-embryonic/early-fetal period. There is a general consensus
that callosal agenesis leads to reduced interhemispheric inhibition
and more bilateral control of speech production as well as other
motor behaviors (Bartha-Doering et al,, 2021; Hinkley et al.,, 2012;
Komaba et al., 1998; Pelletier et al,, 2011), although primordial
speech perceptual lateralization already present at birth may be
more normal (Lassonde et al.,, 1990; Pelletier et al., 2011). Callosal
agenesis is also associated with overall deficits in speech fluency
and fine motor control, as might be expected from the reduced in-
terhemispheric cooperation, but speech receptive skills housed in
the posterior-temporal cortex are largely intact (Lassonde et al.,
1990; Pelletier et al., 2011). Socio-emotional skills, normally medi-
ated more by the right hemisphere but now crowded out by the en-
hanced right-hemispheric language processing, are also impaired
(Anderson et al,, 2017; Brown & Paul, 2019). Even in those born
with a normal corpus callosum, the inhibition of the right hemi-
sphere’s speech faculties seems to be more prominent in its mo-
tor components, as the right hemisphere continues to maintain a
substantial receptive language competence (Gainotti, 1993; Zaidel,
1976), especially as regards the pragmatic features of language
(e.g., prosody) (Gajardo-Vidal et al., 2018; Sidtis & Sidtis, 2018; Yi
et al,, 2019). The inhibition of the right hemisphere increases over
time, with its functional capabilities permanently altered after ear-
ly childhood. Left-sided hemispherectomies to control seizures
cause more speech impairment than right ones at any age, but
the expressive speech deficits are progressively more pronounced
and less easily compensated for with age (Boatman et al,, 1999;
Gainotti, 1993; Nahum & Liegeois, 2020), suggesting a critical pe-
riod for the establishment of speech lateralization. However, with
more restricted left-hemispheric lesions caused by strokes, the
right hemisphere can help compensate for the destruction to the
left-hemispheric speech areas even into adulthood (Hartwigsen et
al,, 2013; Kourtidou et al,, 2021; Lukic etal., 2017), despite its large-
ly “mute” contribution to speech in the intact brain (Zaidel, 1976).
This enhanced role of the right hemisphere has been shown in the
case of naming (Skipper-Kallal et al.,, 2017) and semantic priming
(Smith-Conway et al., 2012)".

" A vivid example of this is the case of Sarah Scott, a right-handed woman who developed Broca’s aphasia due to stroke at age 18 and became a
spokesperson internationally for the disorder. After a decade, her speech had improved markedly, but a viewing of her frequent leftward head and eye
movements and use of her left hand while speaking suggests a substantial contribution of her right hemisphere in her recovery:

https://www.youtube.com/watch?v=zPNfvukMFbO0
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The right hemisphere also inhibits the left hemisphere in cer-
tain areas (Kowatari et al.,, 2009), but its inhibition is not equiva-
lent to that of the left. Most of the more salient symptoms follow-
ing right-hemispheric lesions are in the form of visuospatial and
attentional deficits (anosognosia, neglect, prosopagnosia, etc.)
or socio-emotional ones (e.g., proverb interpretation) (Hier et al,,
1983; Yi et al,, 2019). Right-sided lesions do not appear to unleash
dormant visuospatial skills in the left hemisphere nor bestow
upon it competent socio-emotional skills; indeed, callosal agenesis
severely impairs overall social and emotional perception and ex-
pression, with estimates of 18-30% comorbidity with autism in the
agenesis population (Anderson et al., 2017). Perilesional activation
contributes most of the recovery following right-hemispheric dam-
age, although left-hemispheric compensatory mechanisms are also
involved (Hier et al,, 1983; Yi et al,, 2019). And, while right-hemi-
spheric lesions can unleash various delusions and hallucinations
(Cummings, 1997; Gurin & Blum, 2017; Previc, 2006), including
out-of-body and other corporeal disturbances, these may be due
simply to the reduced right-hemispheric inputs that provide the
left hemisphere with veridical information concerning bodily sen-
sations and movements (Gurin & Blum, 2017) rather than a release
from interhemispheric inhibition per se. It must be conceded that
the extent of right-hemispheric inhibition may be underestimated
because of less research into it, given that dramatic symptoms such
as aphasia are unlikely to follow right-hemispheric damage. But the
fact that the right hemisphere is far less prone to hyper-excitabili-
ty in the form of seizures (Dean et al., 1997; Previc, 1996; Varoglu,
2022) is a strong indication that, for whatever reason, it is ordi-
narily under much greater tonic inhibition than its left-hemispheric
counterpart.

Why left-hemispheric inhibition may be more powerful than
right-hemispheric inhibition may be due to a second major neural
feature—the “motor bottleneck”—that is believed to critically in-
volve the left hemisphere and its frontal regions.

Motoric Inhibition

Sensory and motor processing are closely integrated in the hu-
man brain. Sensory inputs are critical in modulating the circuitry
involved in the execution of motor responses, for providing closed-
loop feedback following motor actions, and in recovery of function
following brain injury (Bolognini et al., 2016; Patel et al., 2014). But
motor responses must constrain the processing of sensory infor-
mation to allow for optimal motor execution, as will be discussed
next. The general influence of motor preparation and responses on
sensory processing has been variously termed “motor efference”,
“motor expectancies”, “efference copy”, and “reafference” (Brooks
& Cullen, 2019). Motor planning and execution are intensely com-
putational (Wolpert & Ghahramani), which is why dual-task perfor-
mance suffers from what has been termed the “motor bottleneck”
(Bratzke et al., 2009; Jung et al., 2021). Movements must both pre-
dict and be confirmed by changes in the sensory environment, so
our actions must both filter and incorporate subsequent sensory
feedback. Constraints upon sensory information occur during
motor actions in a variety of systems, with the higher-brain areas
treating sensory information from actively generated movements
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differently than that from passive movements or when no move-
ments are made (Brooks & Cullen, 2019). Two such examples are
in the integration of sensory signals during eye movements and
during speech.

When we move our eyes, the world does not appear to blur or
shift. The lack of blurring during rapid eye movements is attribut-
able to “saccadic suppression”, the elevation of visual thresholds
during a saccade (Matin, 1974). Another blur-prevention mecha-
nism, possibly centrally mediated, is the limited duration of the raw
visual image known as the icon, which approximates the duration
of each average dwell time (250-300 msec) while scanning the vi-
sual environment (Fabius et al., 2019), thereby preventing “double
exposures”. The lack of perceived shifting of the visual world during
active vs. passive eye movements is related to the concept of “cor-
ollary discharge” or reafference (von Holst & Middlestadt, 1950),
in which a neural signal is sent to the visual system to move its co-
ordinate frame to the intended location of the eye movement and
thereby negate the ensuing movement of the visual world. Many
studies have demonstrated corollary discharge in neurons in the
occipital-parietal (dorsal) visual stream (Golomb & Mazur, 2021),
whose receptive fields shift in concert with the intended saccadic
endpoint. The process of reafference also involves shifts in visual
attention, whereby information at the once-fixated location is fil-
tered out. Although humans can attend without moving our eyes,
attentional shifts are almost invariably coupled to the direction of
an intended eye movement (Souto & Kerzel, 2011).

Speech is a complex cybernetic system that requires precise tim-
ing of the sensory feedback. During speech preparation, feed-for-
ward signals are relayed that alter responses to auditory stimuli
(Mock, et al,, 2015; Toyomura et al., 2020). Violations of the expect-
ed auditory feedback produces dysfluency in normal speakers, as
exemplified by the effects of delayed auditory feedback. At delays
of approximately 100-200 ms, speech errors arise that are accom-
panied by a slowed speech rate (Stuart et al., 2002; Toyomura et al.,
2020). A similar increase in musical errors occurs while performing
musical sequences with altered pitch feedback (Pfordresher & Bea-
sley, 2014). A disrupted speech cybernetic system has been hypoth-
esized to partly underlie the disorder of stuttering, in which over-
compensation and blocks can occur for various reasons, including
psychological stress. Feed-forward mechanisms may be altered to
some extent since those who stutter show more of a negative shift
in the N200 component of the auditory event-related potential
during speech preparation (Chang et al., 2019; Mock et al., 2015).
The normal left-hemispheric dominance in speech is reduced in
both anterior and posterior speech areas in stutterers (Chang et al.,,
2019; Fox et al., 1996; Liotti et al, 2010; Robb et al,, 2013), and the
normally greater volume of the left planum temporal containing the
receptive centers for speech is less pronounced in this population
(Foundas et al., 2004). This indicates that the inability to inhibit
speech preparation and processing in the right hemisphere may
contribute to the dysfluent speech. In contrast to normal speakers,
stutterers actually benefit from delays and other alterations in the
timing and pitch of the vocal feedback (Howell, 2004). Interestingly,
singing—more likely to be housed in the right hemisphere of most
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individuals—may be preserved in stutterers (Glover et al., 1996).

The stuttering findings as well as those from callosal agenesis
and lesion studies suggest that the regulation of both sensory feed-
back as well as competing motor responses may be important con-
sequences of the left hemisphere’s inhibitory prowess. The greater
inhibitory strength of the left hemisphere may be partly related to
its well-documented greater dopamine content (Glick et al., 1982;
Larisch et al,, 1998; Previc, 1996), since dopamine is critically in-
volved in motor control and is mostly inhibitory in its actions in the
nigrostriatal /cortical system, as discussed previously (Cooper etal.,
2003). This is particularly true during speech, where dopaminergic
circuits drive left-hemispheric activity while speaking (Fuerting-
er et al,, 2018). The greater dopamine content is correlated with
overall dominance of the left hemisphere in most voluntary motor
actions, as first described by Leipmann in the early 1900’s (Janssen
etal, 2011; Kimura & Archibald, 1974). Besides the greater role of
the left hemisphere in speech, the left hemisphere has been long
recognized for its lead in the programming and execution of manual
actions (Janssen et al., 2011; Hodson & Hudson, 2018; Mutha et al,,
2012), with lesions to the left parietal lobe in particular producing
various types of apraxias (Goldenberg, 2009; Janssen et al., 2011;
Kimura & Archibald, 1974). Although speech and handedness are
not perfectly correlated (Mazoyer et al., 2014), they both require
elaborate motor-sequencing skills (Hodson & Hudson, 2018) and
motor learning, which most reliably activate the left dorsal prefron-
tal cortex (Hardwick et al.,, 2013) and also depend on dopaminergic
neuronal activity in the basal ganglia (Alm, 2021). It is less likely
that GABA underlies the greater left-hemispheric inhibition, since
it is much less lateralized than dopamine (Grewal et al., 2016). And
acetylcholine, which like dopamine is involved in motor control
and has a higher concentration in the left hemisphere (Glick et al.,
1982), seems unlikely to mediate left-hemispheric inhibition of the
right hemisphere because its actions in the CNS are mostly excitato-
ry (Wangetal,, 2021).

One brain imaging study has localized the source of the motor
bottleneck during dual-task performance to the posterior lateral
prefrontal cortex of the left hemisphere (Dux et al., 2006), with in-
hibition of this area by means of transcranial direct (cathodal) stim-
ulation resulting in improved dual-task performance (Filmer et al,,
2013). Lesion findings also support an important but nonexclusive
role of the left hemisphere in inhibiting responses in the “no-go”
task (Swick et al,, 2008). Evidence for how the removal of left-fron-
tal regions involved in motor control and inhibition may unshackle
latent abilities in AS and FAS will be described in the next sections.

Two Rare Brain Syndromes Associated with Left
Hemispheric Damage

Acquired savantism and FAS have four major features in com-
mon: 1) their presumed rarity (<50 cases of AS; 150-200 docu-
mented FAS cases); 2) they feature the emergence of a previously
latent talent or ability; 3) they may be caused by both psychogenic
and neurogenic factors, with the latter including migraine, epilep-
sy, or lesions to certain brain areas; and 4) when lesions are caus-
al, they are predominantly found in the left hemisphere. Although
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similar frontal structures may be involved in both syndromes, there
does not appear to be a case of co-occurrence of them, as will be
discussed later. Because outside of linguistic functions the natural
ratio of left-right (right-left) specializations has been hypothesized
as closer to ~2:1 (Previc, 1991), evidence of right-hemispheric fa-
cilitation in the emergence of AS is somewhat more tenuous than in
the case of FAS.

Acquired Savantism

Acquired savantism due to deterioration of the brain in fronto-
temporal dementia (FTD) or due to trauma is a condition typically
developing in adulthood that involves the unleashing of previously
suppressed creative abilities, usually artistic or musical (Snyder,
2009; Treffert, 2009). Not all cases of AS involve actual brain dam-
age, as some may be linked to a psychogenic origin (termed “sudden
savantism” by Treffert & Tries, 2021) or may even be drug-induced
(Smith, 2015). Acquired savantism differs from normal genius in
that the latter is not associated with any known neuroanatomical
pathology, and it also differs from congenital savantism (CS) in sev-
eral important ways, despite their frequent association (e.g., Chung
& Son, 2023; Onin et al., 2023; Snyder, et al., 2006; Treffert, 2009).
Unlike AS, CS is linked to autism in 50-75% of cases and has a simi-
larly high male prevalence of 5-6:1 (Treffert, 2009; Treffert & Rebe-
dew, 2015). (By contrast, the prevalence of CS in the much more
common disorder of autism is probably in the range of 1-10% (Tr-
effert, 2009).) It is also much more common than AS, with over 300
cases listed in the Wisconsin Medical Society registry as of 2015,
with some studies suggesting a much higher number (Treffert &
Rebedew, 2015). As with high-functioning autism, CS suggests a
predominance of “left” over right” hemispheric abilities, including
hyper-focusing, predominance of “local” perception, deficient prag-
matic use of language, and overall impairment of socio-emotional
skills (Dolata et al.,, 2022; Gunter et al., 2002; Sabbagh, 1999; Vold-
en et al,, 2009). Congenital savants can possess prodigious sensory
memories, extraordinary calculating skills often dependent on such
memories, and impressive abilities to recognize and reproduce
patterns (Mottron et al., 2009). But while a few congenital savants,
particularly higher-functioning ones, evidence clear artistic creativ-
ity (e.g., Chung & Son, 2023), in most cases artistic output in CS is
constrained and distinguishable from that of actual artists (Pring et
al.,, 2012). The scans of many CS brains have been studied, but the
neuroanatomical profiles are generally inconsistent (Corrigan etal.,
2012),and some show no neural abnormalities atall (Corrigan etal.,
2012; Cowan & Frith, 2009). Calendrical calculating skills, a noted
feature of many savants, appears to show a mostly left-hemispher-
ic or bilateral parietal activation (Boddaert et al., 2005; Cowan &
Frith, 2009). The generally inconclusive neuroanatomical findings
in CS mirror the large body of neuroanatomical findings in comor-
bid autism, which has proven inconsistent both overall and in terms
of lateralization (Amaral et al,, 2008; Jumah et al., 2016). There has
consequently been growing interest in neurochemical imbalances
in autism, most prominently involving dopamine (Mandic-Maravic
etal,, 2021; Paval, 2017; Previc, 2007), and any neurochemical con-
clusions eventually reached in autism can presumably be applied to
highly comorbid CS.
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In contrast to CS, the acquired syndrome is much rarer (Treffert
& Treis, 2021) and apparently unrelated to pre-morbid intellectu-
al impairment, autistic symptoms, or biological sex. And whereas
most CS traits and abilities suggest greater activation of the left
hemisphere, the newfound talents in AS are more attributable to
left-hemispheric damage (Hughes, 2010; Onin et al., 2023; Snyder,
2009). For example, the unleashed talents in AS, whether resulting
from brain trauma or FTD, are mostly “right-hemispheric” creative
ones, involving artistic, musical, or constructive skills (Miller, 2000;
Treffert, 2014)% However, as of 2015 there were only approximate-
ly 30 known cases of AS (Treffert & Rebedew, 2015), and almost
no brain imaging of trauma-linked AS has ever been detailed in the
scientific case literature.

Some of the most famous cases of AS caused by brain trauma in
childhood or adulthood, such as Jason Padgett (artistic skills), Der-
ek Amato (musical skills), and Alonzo Clements (sculpting skills),
have evidently not had their neuroanatomical damage reported in
the scientific literature. There are at least three trauma-related AS
cases with confirmed lateralized brain damage, all involving the left
hemisphere. One of these was a “Mr. Z” (Brink, 1980), who suffered
a bullet wound that entered through his left temple at age nine. His

injury led to speech deficits and a right hemiparesis lasting several
years along with impressive new mechanical and inventive skills,
particularly regarding bicycles (Brink, 1980). A second case was
of a 64-year-old right-handed Japanese man (JN) (Takahata et al,,
2014), who suffered an infarction of the left frontal lobe that led to
mostly verbal deficits. Although |N had sparsely painted ten years
prior to his stroke, the ones he created afterwards were much more
vivid and full of detail and color. What is relevant about JN’s case
is that the frontal damage was accompanied by a hyper-perfusion
of his posterior (sensory) right hemisphere (Figure 1), in line with
both the paradoxical facilitation and motor inhibition concepts and
evidence that left-frontal lesions can boost right parietal function
in alleviating contralateral neglect (Kapur, 1966). A third case stud-
ied by Dorman (1991) was an 18-year-old man (RD) who had a
left-hemispherectomy at age eight to control seizures. This individ-
ual had a low-normal verbal and performance 1Q but showed an im-
pressive post-surgery calendar-calculating ability, ordinarily more
associated with left-hemispheric function. Because his handedness
was not specified and there was presumed neurological damage
prior to his hemispherectomy, his case is difficult to interpret with-
in the context of the right-hemispheric disinhibition model.

( )
l:._; - -
SUPENTOr
Figure 1: SPECT image of regional blood flow in brain of patient JN showing left-frontal hypoperfusion (blue-green) and right parietal hyper-
perfusion (red-orange) relative to age-matched controls. Reproduced from Figure 5 of Takahata et al. (2014).
NS J

2 One exception to this may be the visual memory and calendar calculating capabilities of Orlando Serrell after having been hit in the head with a
baseball (Treffert, 2014), but it is unknown whether he had a normal lateralization pattern prior to his injury or the exact nature of his brain injury.
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The most convincing evidence for reduced left-hemispheric
function as a cause of AS comes from studies of those with fronto-
temporal dementia (FTD) (Erkkinen et al. 2018; Midorikawa; Miller
et al,, 2000). Frontotemporal dementia accounts for 10-20% of all
dementias and often begins its progression with left-hemispheric
deterioration (Jeong et al, 2005), with aphasic symptoms being
common. Miller et al (2000) studied 57 patients with FTD and iso-
lated 12 who showed previously unrevealed artistic, musical, or in-
ventive prowess during the course of their dementia. Nine of the 12
with AS were shown to have greater left-hemispheric deterioration,
especially in the anterior temporal regions; one showed bilateral
atrophy and two had greater right frontotemporal deterioration
(although one of these was left-handed, along with three patients
with left-sided brain loss). Two FTD cases described by Midorikawa
et al. (2008) also showed newfound artistic proclivities associat-
ed with primarily left-temporal deterioration, while Erkkinen et al.
(2018) described another FTD case with AS after right frontotem-
poral deterioration, but this individual was left-handed. A famous
example of enhanced creativity following left FTD with concomi-
tant aphasia is that of the composer Maurice Ravel, who suffered
from what currently might be diagnosed as progressive aphasia
and FTD, progressively affecting his left hemisphere (Amaducci et
al,, 2002). It was during this final period of mental decline that he
wrote his arguably most famous and creative piece, Bolero. Ironical-
ly, Seeley et al. (2008) described a left FTD patient who developed
a painting talent that included visual representations of Bolero. The
importance of the left hemisphere in inhibiting certain types of cre-
ativity such as divergent thinking and originality is reinforced by
findings of creativity changes following lateralized frontal-parietal
lesions (Shamay-Tsoory et al. 2011). Whereas lesions of the right
medial-frontal cortex in that study reduced originality, lesions of
the left parietal lobe resulted in enhanced originality scores (Sha-
may-Tsoory et al. 2011). It is uncertain, however, how closely the
measures of originality in this study simulated the unlocked artistic
creativity in AS.

There have been multiple attempts to produce various sa-
vant-type abilities using noninvasive left-hemispheric procedures
that inhibit activity in the underlying cortex. Snyder et al. (2006)
showed significant improvements in numerosity estimations in
mostoftheir 12 participants after transcranial magnetic stimulation
(TMS), and Snyder et al. (2003) showed significant improvement in
a range of skills, including proof-reading, in a separate population
of 11 participants. But these studies did not use an active control
stimulation site, either over the corresponding right hemisphere
or a neutral location, and only a few of the participants showed
improvements in skills analogous to the artistic creativity most
characteristic of AS in FTD patients. Young et al. (2004) showed
mostly nonsignificant improvements in savant-type skills with TMS
at a left frontotemporal site; only five of 17 participants showed
improvements overall, and there were few differences between
the effects of TMS applied to the frontotemporal and control sites.
Using transcranial direct current stimulation with both cathodal
(inhibitory) and anodal (excitatory) procedures, Chi et al. (2010)
demonstrated that inhibition of the left hemisphere (or excitation
of the right) considerably improved visual memory and visual nu-
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merosity judgments, whereas the reverse stimulation pattern had
no effect on visual memory. Again, however, the significance of this
finding is unclear, since the emergence of superior visual memory
is not one of the prominent abilities normally associated with AS,
although enhanced visual numerosity was described in Takahata’s
artistic patient following his left-frontal stroke.

Brain imaging studies in normals also shed light on creativity in
the two hemispheres. Creativity is a very multi-faceted construct,
given that it involves different types of products (e.g., finding solu-
tions, creating novel outputs) and different modalities (e.g., verbal
vs. visual). A consistent finding of these studies is that creative pro-
cesses are generally bilateral, with verbal measures of creativity
such as verbal fluency more likely to recruit left hemispheric ar-
eas and figural/artistic creativity more likely to involve the right
hemisphere (Huang et al., 2013; Mayseless et al., 2014; Pidgeon
et al, 2016; but see Mihov et al,, 2010). Many creativity-linked
activations have been identified within each hemisphere, most
consistently in the middle and inferior frontal gyri. One notewor-
thy finding pertinent to the AS syndrome is that artists may show
more of a right-hemispheric predominance in figural creativity
than novices, with left-hemispheric inhibition contributing to the
reduced right-hemispheric involvement in the latter group (Huang
etal., 2013; Kowatari et al. 2009). That interhemispheric inhibition
is linked to reduced creativity in humans is demonstrated by the
significant negative correlation of callosal thickness and creativi-
ty, particularly in the most posterior section joining together the
sensory cortical areas (Moore et al., 2009). This relationship is op-
posite to the positive correlations between posterior callosal thick-
ness and left-hemispheric speech (Karpychev et al., 2022) and mo-
toric (Kurth et al.,, 201) dominance, which as noted earlier are other
manifestations of the left hemisphere’s inhibition of the right one.

The unleashing of artistic and musical talents in AS exemplifies
motoric as well as creative disinhibition, since a facilitation of mo-
toric proficiency as well as sensory/perceptual processing occurs
in AS. Some of emergent motor skills such as painting and instru-
ment playing may rarely if ever have been practiced by the person
in the past; hence, one must assume that they developed covert-
ly, given that passive auditory and other sensory experiences can
help establish motor circuitry even in the absence of actual practice
(Froese & Gonzalez-Grandon, 2020).

In summary, AS appears to be a distinct form of savantism, apart
from CS. Outside of its occurrence in FTD, however, much less is
known about AS since neuroimaging of AS brains is lacking. Ana-
logue studies using transcranial and direct current studies in nor-
mal humans have produced somewhat inconclusive results, using
measures that may not be highly analogous to the newfound artistic
skills in AS. But evidence that right-hemispheric artistic creativity
may be inhibited in normals is consistent with the FTD findings and
merits further research.

Foreign Accent Syndrome

Foreign accent syndrome is a condition in which an indi-
vidual may suddenly start speaking his or her native language with
an accent that resembles, at least superficially, that of a nonnative
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speaker. It is much more common in females (>5:1) and can arise
from both neurological damage as well as psychogenic sources,
with the latter estimated at 15-25% (Marién et al., 2019; McWhiter
et al,, 2019). Alterations in the prosodic and rhythmic elements of
speech are the key features that give rise to the new accents. How-
ever, FAS is very complicated in that it can be transient or intermit-
tent and can be intermixed with a variety of dysarthric and aphasic
speech disturbances related to phoneme production, grammar, and
programming (Lee et al.,, 2016; McWhirter et al., 2019). The accents
of those presenting with FAS tend to be judged as intermediate be-
tween those of native and true foreign speakers (Verhoeven et al,,
2013; but see Jose et al,, 2016) and can even be perceived as more
than one accent (Blumstein & Kurowski, 2006). It should be noted
that foreign-sounding accents can occur in other conditions, such
as developmental speech and hearing impairment (Marien et al,,
2009); indeed, certain features of accents in FAS are intermediate
between true foreign accents and accents associated with language
impairment (Jose et al., 2016).

Itis widely accepted that the neural basis of FAS mainly involves
damage to supratentorial structures of the left hemisphere (Blum-
stein & Kurowski, 2006; Di Stefano et al., 2019; Jonkers et al., 2017;
Higashiyama et al., 2021; Marien et al., 2019). Of the 70% or more

of FAS lesions localized to the left hemisphere, the majority were
in the frontal cortex and basal ganglia, both linked to the motoric
aspects of speech (Marien et al., 2019). Although the handedness of
most of these cases was rarely reported, Mariens et al. (2019) did
record handedness in their population of 72 FAS cases and found
96% to be right-handed, suggesting most had the typical pattern of
cerebral lateralization prior to the onset of their FAS. While apha-
sia and dysarthria can accompany FAS acutely, FAS is distinct from
aphasia per se (Blumstein & Kurowski, 2006). Indeed, Higashiyama
etal. (2021) reviewed 25 cases of FAS without aphasia, of which 18
involved lesions to the left hemisphere, three to the right one, and
four in subcortical areas. The greatest overlap of lesions causing
FAS was located in the middle and lower left precentral gyrus in the
left hemisphere (see Figure 2). This region is involved in laryngeal
control and phonation, which are especially relevant to FAS given
that the fundamental vocal frequency is an important cue to pros-
ody (Laures & Bunton, 2003), speaker accent (Hasegawa & Hata,
1992), and linguistic discrimination in general (Arvanti & Rodri-
guez, 2013). In a more recent study, Dadario et al. (2023) showed
that, even when anatomically intact, the middle prefrontal area on
the left side may be one of the most likely to have anomalous con-
nectivity with other language and brain areas in FAS.

-

frontal lobe. Reproduced from Figure 3 of Higashiyama et al. (2021).

Figure 2: Greatest lesion overlap in FAS without aphasia. Blue-green denotes largest regions of overlap, centered in medial/inferior left

J

Although the right hemisphere is considered more crucial in the
generation of prosody in normal speakers (Stockbridge, 2022), its
role is in this regard is likely constrained by the overall predomi-
nance of the lefthemisphere in speech. Hence, one likely explanation
of FAS is that left-hemispheric damage disinhibits latent prosodic
circuits in homologous regions of the right hemisphere. Because
FAS usually involves speech that is somewhat familiar to speakers
through everyday listening or electronic media, the foreign speech
sounds may have in many cases been absorbed during passive lis-
tening but not reproduced previously due to the left-hemispheric
inhibition of the right hemisphere’s spoken repertoire. For exam-
ple, Verhoeven et al. (2013) showed that the accents mainly pro-
duced in their Belgian Flemish-speaking FAS patients were French
(one of the official languages of Belgium) and Moroccan (which is
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heard quite frequently in parts of Belgium). Seliger et al. (1992)
studied a New Yorker who developed an Irish brogue following a
left-hemispheric stroke, but the patient had previous experience
listening to Irish accents. By contrast, less frequently heard Asian
and African accents were rarely produced in Verhoeven etal’s 2013
study. That we can passively process and store much more than we
can produce is consonant with the general concept of the motor
bottleneck described earlier. It is also consistent with the large sex
difference in FAS, because females tend generally to be more recep-
tive auditorily, whether it be learning new melodic patterns (Miles
etal,, 2016) or second languages (van der Slik et al., 2015). By con-
trast, theories that the FAS may be tied to a failure to transfer plan-
ning of utterances into proper articulation (e.g., Marien etal., 2019)
do not explain the large sex difference nor the relationship between
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frequently heard foreign accents and the quasi-replicated foreign
accents. Of further potential relevance is that singing—a function
already predominant in the right hemisphere—may not exhibit the
same foreign accent alteration as speech in FAS (Di Stefano et al,,
2019).

Storing auditory sounds and sequences is not the same as be-
ing able to produce them. But producing as well as perceiving vo-
cal inflections during speech and singing is a specialization of the
right hemisphere, which would be facilitated after left-hemispheric
damage. As noted with AS, right-hemispheric sensory facilitation,
even by means of passive listening, can in turn activate dormant
ipsilateral motor circuitry (Froese & Gonzales-Grandon, 2020). It
might be predicted that FAS and AS should be present together giv-
en their apparent common neural locus, at least in some cases, in
the medial frontal lobe. But even though aphasia, which also partly
originates in the left inferior frontal lobe, accompanies AS in FTD,
FAS frequently occurs even in the absence of aphasia. Of course, the
rarity of each of these syndromes alone makes in highly unlikely
they would present together. However, it is interesting that Mr. Z not
only developed AS after his bullet injury to the left hemisphere but
also apparently spoke in a different dialect (Brink, 1980).

Conclusion

The evidence presented in this review confirms that AS and FAS
are both manifestations of a disinhibition of right-hemispheric pro-
cessing following damage to or deterioration of certain regions of
the left hemisphere. Following left-hemispheric damage, facilitation
of the right hemisphere and its creative and receptive abilities may
occur. The evidence for such a facilitation is stronger in the case of
FAS, which is linked more to the highly lateralized language system,
but it is also to be found in AS, with the most consistent findings
coming from patients suffering from FTD. Linking these syndromes
to well-established callosal inhibitory mechanisms in the human
brain both highlights the importance of such inhibition to overall
brain function (Cook, 1984) and helps to propel these syndromes
towards a better scientific understanding. It must be reiterated
that the postulation of left-hemispheric inhibition of the right can
only be applied to those individuals with a typical pattern of hemi-
spheric specialization, more likely to be strongly right-handed with
expressive language presiding in the left hemisphere. That is why,
in the future, all studies of lateralization in AS must measure hand-
edness in their patients.

Most cases of AS and FAS have not only occurred following
left-hemispheric impairment but more typically involve distur-
bances to the frontal lobe, particularly the middle-inferior prefron-
tal region. Evidence exists that this region may be a potential source
of the “motor bottleneck” and the callosal fibers inhibiting the right
hemisphere in AS and FAS. But, unlike in FAS, temporal lobe dam-
age is also prevalent in AS, especially in FTD. While left-hemispher-
ic inhibition has been metaphorically decried as a “tyranny” by
some researchers (Hughes, 2010; Onin et al., 2023), preventing the
emergence of right-hemispheric talents, its advantages in terms of
streamlined motor control and specialization of function must also
be recognized. And the larger neural inhibitory apparatus that in-
cludes callosal and motoric inhibition is critical for the human brain
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to conduct its massive operations using but a tiny percentage of its
total potential energy at a given moment.
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