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Alien hand syndrome (AHS) is a neurological illness characterized by limb movements
which are carried out without being aware of it. Many patients describe these
movements as aggressive and some perceive a strong feeling of estrangement and
go so far as to deny ownership. The sense of body ownership is the perception
that parts of one’s body pertain to oneself, despite it is moving or not and if
movement is intentional or unintentional. These anomalous self-experiences may arise
in patients with focal brain lesions and provide unique opportunities to disclose
the neural components underlying self-body perception. The feeling of foreignness
described in AHS is often observed in post-central cortical lesions in the non-dominant
hemisphere and is typical of the “posterior alien hand variant”. We used Diffusion-
Tensor magnetic resonance imaging (DT-MRI) in an unusual case of posterior AHS
of the dominant hand in a professional pianist with corticobasal syndrome (CBS).
The patient showed uncontrolled levitation with the right arm while playing the piano
and perceived as if her hand had a “mind of its own” which prevented her from
playing. MRI-scans show asymmetric brain atrophy, mainly involving left post-central
regions and SPECT-Tc99m-ECD patterns of hypometabolism over the left parietal-
occipital cortices. DT-MRI revealed extensive damage which comprised left fronto-
temporal cortex and extends into the ipsilateral parietal cortex causing a disruption
of corpus callosum (CC) projections from the rostrum to the splenium. Our case
illustrates that posterior AHS may occur in the dominant hemisphere due to widespread
damage, which exceed parietal cortex. The parietal lobe has been recognized as a
multimodal association region that gets input from several networks and organizes
motor output. We suggest that the disturbance to this pathway could result in disruption
of motor output and associate an abnormal motor control and anomalous self-body
perception.

Keywords: alien hand syndrome, corticobasal syndrome, diffusion tensor imaging (DTI), piano playing, self-body
perception

Frontiers in Human Neuroscience | www.frontiersin.org 1 April 2017 | Volume 11 | Article 198

http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org/Human_Neuroscience/editorialboard
http://www.frontiersin.org/Human_Neuroscience/editorialboard
https://doi.org/10.3389/fnhum.2017.00198
http://crossmark.crossref.org/dialog/?doi=10.3389/fnhum.2017.00198&domain=pdf&date_stamp=2017-04-24
http://journal.frontiersin.org/article/10.3389/fnhum.2017.00198/abstract
http://journal.frontiersin.org/article/10.3389/fnhum.2017.00198/abstract
http://journal.frontiersin.org/article/10.3389/fnhum.2017.00198/abstract
http://loop.frontiersin.org/people/168406/overview
http://loop.frontiersin.org/people/202472/overview
http://loop.frontiersin.org/people/430553/overview
http://loop.frontiersin.org/people/324347/overview
http://loop.frontiersin.org/people/8392/overview
https://creativecommons.org/licenses/by/4.0/
mailto:arantxa.alfaro@umh.es
https://doi.org/10.3389/fnhum.2017.00198
http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Human_Neuroscience/archive


Alfaro et al. Atypical AHS in a Pianist

INTRODUCTION

Alien hand syndrome (AHS) is one of the most gripping
disconnection disorders in neurology. It could be described as
the perception that one limb ‘‘has its own volition’’ together
with recognizable uncontrolled motor activity which pries with
the voluntary movements of the unaffected limb (Doody and
Jankovic, 1992). It is fairly common that the affected arm holds
clothes, parts of the body, adjacent objects or even people
(Josephs and Rossor, 2004). Moreover, patients are usually
unaware of it, and could display signs of inattention of the
affected limb, perceiving that it is not theirs (Josephs and Rossor,
2004).

AHS is observed in post-stroke patients, secondary to
vascular malformations and brain tumors, neurosurgical lesions,
trauma and neurodegenerative diseases, particularly in atypical
parkinsonian syndromes as corticobasal syndrome (CBS)
and progressive supranuclear palsy (Scepkowski and Cronin-
Golomb, 2003; Chang et al., 2012; Alexander et al., 2014).
The presence of limb apraxia, visuospatial dysfunction and
AHS is suggestive of CBS, particularly when it develops in
a progressive way. In fact, alien hand phenomenon appears
in around 30% of compiled CBS cases (Armstrong et al.,
2013). Neural mechanisms of AHS have remained speculative
and the combination of lesions necessary to produce this
phenomenon is uncertain (Scepkowski and Cronin-Golomb,
2003). According to the anatomical lesions and clinical features,
three different categories: callosal, frontal and posterior AHS
have been described. The first two types are classified as
an anterior form of AHS whereas the third one is also
defined as a posterior form (Scepkowski and Cronin-Golomb,
2003). The more common ‘‘anterior or motor’’ AHS is
characterized by uncontrollable manipulation of objects and
involuntary grasping of the dominant hand. Posterior subtype
(pAHS) is uncommon and usually associated with involuntary
movements such as a position-dependent levitation of the
arm in addition to a sensation of strangeness in the limb
(Scepkowski and Cronin-Golomb, 2003). The etiology of
involuntary movements in pAHS is not elucidated yet and
remains unclear (Armstrong et al., 2013). It mostly, though
not exclusively, affects the non-dominant hand with lesions
involving the posterior right hemisphere (Kessler and Hathout,
2009). Shared mechanisms between AHS variants have been
described and the data seem to indicate that most cases
of AHS arise from lesions of interhemispheric networks or
between the frontal and the parietal lobes (Sarva et al., 2014).
However, the case-report descriptions of patients with damage
distant from the typical affected areas reflects our partial
knowledge of the processes producing AHS (Sarva et al.,
2014).

We describe a case of pAHS of the dominant right
hand secondary to CBS in a 65-year-old professional pianist
with unusually increased alien limb symptoms while playing.
Diffusion-Tensor magnetic resonance imaging (DT-MRI) and
fiber tractography could offer the opportunity to shed light on
the pathophysiology of AHS and other neurological disorders
affecting the perception of one’s own body.

CASE REPORT

Patient History
A 65-year-old woman, right-handed professional pianist suffered
from increasing awkwardness of her dominant arm during the
last 5 years. She was healthy until the age of 60, when she first
felt impairment of the voluntary movement of her right hand
while playing the piano. She experienced as whether her arm
‘‘didn’t do what it was ought to’’ and declined to play due to
it was ‘‘too clumsy to practice’’. Rarely, when she moved her
left hand, the right one raised involuntarily. She felt strange
and surprise with the behavior of her affected arm and believed
that ‘‘it had an entity of its own’’. After 2 years, she had severe
difficulties with playing and, although her right hand was not
paretic, her movement was significantly slowed down. The hand
carried on its odd compartment, which utterly hampered her
from playing. No history of any other illnesses, toxins or drugs
were reported. The patient underwent a detailed assessment by
a neurology specialist. Its main features on clinical examination
were asymmetric hand clumsiness, rigidity and bradykinesia with
reduced right arm swing, prominent right constructional and
ideomotor apraxia and feelings of estrangement of the right
limb coupled with non-purposeful movements such as levitation,
especially when attention decreased well distinguishable from
distal pseudo-athetosis which was not presented. She exhibited
other cortical sensory deficits such as decreased pain sensation in
the right side besides transcortical motor aphasia. Clinical criteria
for dementia were absent.

The patient was diagnosed as having probable CBS based on
recently published criteria (Armstrong et al., 2013; Alexander
et al., 2014) furthermore, she displayed the typical features of
pAHS. She was treated with levodopa (until 800 mg per day) and
clonazepam (1 mg per day). However, she had modest response
to it.

Methods
As part of the clinical assessment, MRI was performed in
a 3T MR scanner (Philips Achieva, Philips Medical Systems,
Nederlands) with a SENSE Neurovascular coil (16 elements). No
contrast agent or sedation was utilized. For the MRI protocol
a high-resolution T1-weighted gradient-echo scan: 212 slices,
0.8 mm isotropic voxels, FOV 250 × 250 mm, TR 11 ms and
TE 4.9 ms was acquired. DT Imaging (DTI) was acquired in
axial slice orientation, using a single-shot EPI sequence with
diffusion encoding in 32 directions (values 0 and 800 s/mm2,
voxel size was 2 × 2 × 2 mm3, 60 slices, SENSE factor 1.9).
The diffusion-weighted data were transferred to a workstation
for analysis and eddy current compensation was performed by
affine registration to B0 image. Tractography was carried out
using the PRIDE fiber-tracking tool (Philips Medical Systems) as
described previously (Alfaro et al., 2015; Bernabeu et al., 2016)
and was fulfilled based on the connection between two areas
of regions of interest (ROIs), the ROIs were drawn manually
based on the anatomical MRI and on published atlases (Wakana
et al., 2004). The fibers were computed automatically by the
software with the following parameters as stopping criteria:
minimum fractional anisotropy value (FA) of 0.3, maximum
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fiber angle between fibers of 27◦ and minimum fiber length of
10 mm.

Additionally, brain perfusion studies with SPECT-
Tc99m-ECD were performed with a Philips Forte Gamma
Camera System (Philips Medical Systems, US) using Tc-99m
radiopharmaceuticals. Imaging acquisition and reconstruction
was carried out with the usual specified protocols (Delrieu et al.,
2010).

The study adhered to the Declaration of Helsinki. The
protocol was approved by the institutional review board
(Hospital Vega Baja Ethics Committee). The patient gave her
written informed consent before entering the study and for
publishing the information appearing in this case report.

Results
MR imaging of the brain revealed severe atrophy in the left
hemisphere, mainly in the left posterior post-central gyrus,
anterior and posterior parietal lobe and ipsilateral occipital
cortex (Figure 1A) consistent with the SPECT-Tc99m-ECD
result, which displayed deficient cerebral perfusion in all these
regions (Figure 1B). DTI-MRI showed right corpus callosum
(CC) fibers connected properly to frontal, temporal, parietal
and occipital cortex (Figure 2A). By contrast, left CC fibers
displayed serious and wide disruption, which affected left
premotor, supplementary motor and motor cortex connections

FIGURE 1 | (A) T1-weighted axial MR image of the brain showing diffuse
cortical atrophy and ventriculomegaly in the left hemisphere, marked in the left
central sulcus and precentral gyrus and more prominent on the left
post-central gyrus and parietal-posterior area. (B) SPECT axial slices of
thechnetium-99m-HMPO brain perfusion scan showing deficient cerebral
perfusion in the left posterior parietal-occipital cortex.

FIGURE 2 | Diffusion tensor tractography (DTT) for corpus callosum
(CC) fibers using a sensitive-encoding head coil on a 3.0T Philips
Achieva system. DTT was performed based on the connection between two
regions of interest (ROI) in order to minimize the risk of including other tracks.
(A) Right CC fibers extended normally to frontal, temporal, parietal and
occipital cortices. (B) Extensive disruption of the left CC connections from the
rostral body to the splenium. A small group of CC fibers in both brain
hemispheres are preserved. (C) Axial reconstructed of CC fibers in the patient.

besides left temporal, parietal and occipital cortices connections
further extensive damage in the left superior longitudinal
fascicule (Figure 2B). A little group of CC fibers in both brain
hemispheres, crossing through the rostrum and the genu, were
preserved (Figure 2C).

BACKGROUND

Studying the abnormalities of self-body perception due to brain
damage has a key role in addressing questions regarding the
structure and functional signature of body consciousness (Pia
et al., 2013). This is the case of patients with pAHS who
commonly manifest body schema distortions such as the strong
feeling of foreignness or strangeness of one limb and other
parietal sensory deficits (Doody and Jankovic, 1992; Scepkowski
and Cronin-Golomb, 2003; Josephs and Rossor, 2004).

In the last 20 years our understanding of AHS subtypes has
evolved to the three, well-defined variants: the two anterior
(frontal and callosal) variants and the relatively recent added
posterior one (Sarva et al., 2014). The ‘‘posterior form’’ of
AHS has been related with impairment to the thalamus, the
posterolateral parietal cortex and the occipital lobe (Scepkowski
and Cronin-Golomb, 2003; Prakash et al., 2011). This variant
usually, though not exclusively, involves the non-dominant limb
(Kessler and Hathout, 2009; Kloesel et al., 2010). The alien
limb movements appear non-purposeful and non-conflictual
and patients could experience involuntary levitation of the arm
which may be task specific (Rohde et al., 2002; Gondim et al.,
2005; Prakash et al., 2011). In some cases, the alien hand
also could exhibit a bizarre position, called ‘‘parietal hand’’
in which the palmar surface is withdrawn from approaching
tools and the fingers move into an extremely extended posture
(Prakash et al., 2011; Sarva et al., 2014). Additionally, pAHS
can be accompanied by hemianesthesia, hemianopia, visuospatial
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neglect (Yuan et al., 2011) and optic ataxia (Levine and Rinn,
1986) and some patients may have significant sensory deficits
without weakness (Spector et al., 2009).

pAHS could be produced by different neurodegenerative
conditions for instance, Creutzfeld–Jacob disease (Rubin et al.,
2012), Alzheimer’s disease, CBS or progressive supranuclear
palsy (Chand et al., 2006) as well as cerebrovascular accidents in
the thalamus, parietal cortex or posterior cerebral artery (Marey-
Lopez et al., 2002; Rohde et al., 2002; Gondim et al., 2005; Hassan
and Josephs, 2016).

Due to the relative low prevalence of this syndrome and
the limited reports of pAHS described, our understanding
of underlying mechanisms remains incomplete. On the one
hand, some authors noted the necessary implication of
parietal lobe in pathophysiology of pAHS. The parietal lobe
is a multimodal association area required for formation of
proprioceptive schemes which assist in the integration of
body image (Perez-Velazquez, 2012). Additionally, it receives
inputs from primary somatosensory and prefrontal cortices
and coordinates motor output (Perez-Velazquez, 2012). Because
of this, damage to parietal lobe could produce inability to
combine sensory input and motor output and may induce
impaired volitional movement execution, involuntary arm
levitation and release a pronounced feeling of estrangement
of a limb (Graff-Radford et al., 2013). On the other hand,
a distortion of body representation due to an anomalous
cortico-striato-thalamic network without significant parietal
lobe injury has been recently described as a cause of pAHS
(Filevich et al., 2012). Moreover, it is known that a thalamic
stroke with no frontal and parietal involvement may result
in pAHS with slight sensory loss (Bartolo et al., 2011).
Likewise, posterior cerebral artery stroke may evoke sensation
of limb foreignness secondary to the damage to the medial
paralimbic fibers implicated in limb awareness (Groom et al.,
1999). According to this, we could say that nowadays, the
neuroanatomical circuitry involved in pAHS is diverse and yet
poorly understood.

DISCUSSION

Here we focused on an unusual patient affected by CBS who
exhibited a constellation of symptoms consistent with pAHS in
her dominant right limb. Nevertheless, our case differs from
other reported cases of pAHS.

First of all, pAHS is classically described in non-dominant
limb (Scepkowski and Cronin-Golomb, 2003) and there have
been very few reports of lesions in the left hemisphere causing
pAHS of the dominant right upper extremity (Carrilho et al.,
2001; Rohde et al., 2002; Kessler and Hathout, 2009; Kloesel
et al., 2010). Leiguarda et al. (1993) described a patient who
developed right AHS following neurosurgical removal of a
vascular malformation from the left parietal cortex and Gondim
et al. (2005) reported a position-dependent levitation of the
dominant limb afterward left parietal cerebrovascular accident.
Nevertheless, there is anecdotal evidence from dominant pAHS
with atrophy in the left dominant parietal lobe. Kessler and
Hathout (2009) propose a precise localization of AHS of the

dominant hand through the report of a patient with left parietal
stroke and suggests that Brodmann area 5, which coincides
with the tertiary somatosensory cortex and is required in
stereognosis and post-central circumvolution, which is entailed
in kinesthesia, could trigger the anomalous movements and
the sensations of strangeness of an alien arm, even in the
dominant limb (Sarva et al., 2014). In the light of these
observations and our reported findings, it seems that pAHS
variant could not be restricted to non-dominant hemispheric
lesions.

Otherwise, although clinically our patient presented
symptoms that remind one of the posterior alien hand variant,
neuroimaging revealed extensive damage that exceeds the
posterior parietal cortex causing a widespread disruption of left
CC connections from the rostral body to the splenium. These
results suggest that the sense of ownership over the alien hand
could be established by a wide spectrum of lesions, ranging
from purely anterior to purely posterior forms and hinted that
disruption of the motor centers from the parietal cortex probably
cause misperception, and developing an abnormal integration
between afferent multisensory signals and pre-existing body
presentations and the loss of consciousness of movement
(Graff-Radford et al., 2013; Sarva et al., 2014).

Furthermore, our patient exhibited a previously unreported
feature: apparently her posterior alien arm symptoms
exacerbated while piano playing. Playing the piano requires
the activation of multisensory and motor networks located in
distant but functionally related brain regions such as frontal,
parietal, and temporo-occipital cortices besides subcortical
structures such as basal ganglia, thalamus and cerebellum
(Altenmüller and Schlaug, 2015). Indeed, parietal lobe and
temporo-occipital cortices play a critical role for conscious
perception of sensory information. These areas work together
in order to integrate inputs from the auditory, visual, and
somatosensory system into a combined sensory impression
(Altenmüller and Schlaug, 2015). The functional links between
all these brain regions make possible the coupling of perception
and action for playing. As we described before, our patient
suffered from a widespread disruption of brain networks
involved frontal, parietal and temporo-occipital cortices and
first perceived impairment of the conscious and voluntary
movements of her right arm while playing the piano. It
has been known that uncoordinated hand movements or
involuntary levitation in patients with pAHS may be task-
specific. Kloesel et al. (2010) described a patient with pAHS
secondary to CBS who had exaggerated arm elevation only while
walking (Prakash et al., 2011) and in other cases, involuntary
movements are triggered or worsened by tactile stimulation
(Gondim et al., 2005), sudden noises or coughing (Rohde
et al., 2002). Levitation in our patient appeared when attention
decreased and were not related to a specific position of the
arm. It is certain that levitation exacerbated while piano
playing. In addition, she first noticed impairment of the
controlled movement of her right hand during piano execution.
However, we consider that playing a musical instrument
demands the suitable perception of the limb position and
motion in space and requires a fine visual, proprioceptive
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and motor integration (Pascual-Leone, 2001). Most of the
networks which take part in these processes are damaged in our
patient.

Regarding the differential aspects of our findings with
task-specific dystonia in pianists, our patient did not display
the typical cramps, hyperextensions and flexions of the hand
while playing the piano which is commonly described in
task-specific dystonia of musicians. It is known that the
posterior variant of AHS can be accompanied by other
features such as atypical hand posture sometimes referred
to as a ‘‘parietal hand’’ (Prakash et al., 2011) and other
cortical sensory deficits like hemianesthesia and hemineglect
which cause a poor proprioceptive awareness and could
restrict the skill for playing (Scepkowski and Cronin-Golomb,
2003).

CONCLUDING REMARKS

This case report shows that pAHS could appear in the
dominant limb from a widespread disruption of brain networks
which exceeds left posterolateral parietal and occipital cortices.
Moreover, these symptoms could get worse during a specific
task as playing the piano. Further imaging research is needed
in order to understand the neural pathways involved in pAHS.

A combination of neurological assessment and anatomical and
functional imaging may provide invaluable information about
relationship between clinical features and anatomic localization
of pAHS and contribute to further expand our knowledge about
this rare condition and anomalous self-body perception.

AUTHOR CONTRIBUTIONS

AA, AB and EF designed the study. AA was responsible for
clinical data on the case. AB contributed to the acquisition and
analysis of images. AA, EF, AB, FJB and NG carried out the
interpretation of data. AA and EF prepared the final version of
the article.

FUNDING

This work has been partially supported by Spanish grant
MAT2015-699767-C3-1-R and by CIBER BBN.

ACKNOWLEDGMENTS

We are very grateful to the patient and her family for their
valuable collaboration in this study. We would like to thank the
appreciated support from Inscanner SL.

REFERENCES

Alexander, S. K., Rittman, T., Xuereb, J. H., Bak, T. H., Hodges, J. R., and
Rowe, J. B. (2014). Validation of the new consensus criteria for the diagnosis
of corticobasal degeneration. J. Neurol. Neurosurg. Psychiatry 85, 925–929.
doi: 10.1136/jnnp-2013-307035

Alfaro, A., Bernabeu, Á., Agulló, C., Parra, J., and Fernández, E. (2015).
Hearing colors: an example of brain plasticity. Front. Syst. Neurosci. 9:56.
doi: 10.3389/fnsys.2015.00056

Altenmüller, E., and Schlaug, G. (2015). Apollo’s gift: new aspects of neurologic
music therapy. Prog. Brain Res. 271, 237–252. doi: 10.1016/bs.pbr.2014.11.029

Armstrong, M. J., Litvan, I., Lang, A. E., Bak, T. H., Bhatia, K. P., Borroni, B., et al.
(2013). Criteria for the diagnosis of corticobasal degeneration. Neurology 80,
496–503. doi: 10.1212/WNL.0b013e31827f0fd1

Bartolo,M., Zucchella, C., Pichiecchio, A., Pucci, E., Sandrini, G., and Sinforiani, E.
(2011). Alien hand syndrome in left posterior stroke. Neurol. Sci. 32, 483–486.
doi: 10.1007/s10072-011-0490-y

Bernabeu, Á., López-Celada, S., Alfaro, A., Mas, J. J., and Sánchez-González, J.
(2016). Is diffusion tensor imaging useful in the assessment of the sciatic
nerve and its pathologies? Our clinical experience. Br. J. Radiol. 89:20150728.
doi: 10.1259/bjr.20150728

Carrilho, P. E., Caramelli, P., Cardoso, F., Barbosa, E. R., Buchpiguel, C. A.,
and Nitrini, R. (2001). Involuntary hand levitation associated with parietal
damage: another alien hand syndrome. Arq. Neuropsiquiatr. 59, 521–525.
doi: 10.1590/s0004-282x2001000400007

Chand, P., Grafman, J., Dickson, D., Ishizawa, K., and Litvan, I. (2006).
Alzheimer’s disease presenting as corticobasal syndrome. Mov. Disord. 21,
2018–2022. doi: 10.1002/mds.21055

Chang, M. C., Yeo, S. S., and Jang, S. H. (2012). Callosal disconnection syndrome
in a patient with corpus callosum hemorrhage: a diffusion tensor tractography
study. Arch. Neurol. 69, 1374–1375. doi: 10.1001/archneurol.2012.48

Delrieu, J., Payoux, P., Toulza, O., Esquerre, J. P., Vellas, B., and Voisin, T. (2010).
Sensory alien hand syndrome in corticobasal degeneration: a cerebral blood
flow study.Mov. Disord. 25, 1288–1291. doi: 10.1002/mds.23064

Doody, R. S., and Jankovic, J. (1992). The alien hand and related signs. J. Neurol.
Neurosurg. Psychiatry 55, 806–810. doi: 10.1136/jnnp.55.9.806

Filevich, E., Kühn, S., and Haggard, P. (2012). Intentional inhibition in human
action: the power of ‘no’.Neurosci. Biobehav. Rev. 36, 1107–1118. doi: 10.1016/j.
neubiorev.2012.01.006

Gondim, F. A., Oliveira, G. R., and Cruz-Flores, S. (2005). Position-dependent
levitation of the dominant arm after left parietal stroke: an unreported feature
of posterior alien limb syndrome?Mov. Disord. 20, 632–633. doi: 10.1002/mds.
20404

Graff-Radford, J., Rubin, M. N., Jones, D. T., Aksamit, J., Ahlskog, E.,
Knopman, D. S., et al. (2013). The alien limb phenomenon. J. Neurol. 260,
1880–1888. doi: 10.1007/s00415-013-6898-y

Groom, K. N., Ng, W. K., Kevorkian, C. G., and Levy, J. K. (1999). Ego-syntonic
alien hand syndrome after right posterior cerebral artery stroke. Arch. Phys.
Med. Rehabil. 80, 162–165. doi: 10.1016/s0003-9993(99)90114-4

Hassan, A., and Josephs, K. A. (2016). Alien hand syndrome. Curr. Neurol.
Neurosci. Rep. 16:73. doi: 10.1007/s11910-016-0676-z

Josephs, K. A., and Rossor, M. N. (2004). The alien limb. Pract. Neurol. 4, 44–45.
doi: 10.1111/j.1474-7766.2004.06-189.x

Kessler, J., and Hathout, G. (2009). Dominant posterior-variant alien hand
syndrome after acute left parietal infarction. Clin. Neurol. Neurosurg. 111,
633–635. doi: 10.1016/j.clineuro.2009.05.006

Kloesel, B., Czarnecki, K., Muir, J. J., and Keller, A. S. (2010). Sequelae of
left-sided parietal stroke: posterior alien hand syndrome. Neurocase 16,
488–493. doi: 10.1080/13554794.2010.497154

Leiguarda, R., Starkstein, S., Nogués, M., Berthier, M., and Arbelaiz, R. (1993).
Paroxysmal alien hand syndrome. J. Neurol. Neurosurg. Psychiatry 56, 788–792.
doi: 10.1136/jnnp.56.7.788

Levine, D. N., and Rinn, W. E. (1986). Opticosensory ataxia and alien hand
syndrome after posterior cerebral artery territory infarction. Neurology 36,
1094–1097. doi: 10.1212/wnl.36.8.1094

Marey-Lopez, J., Rubio-Nazabal, E., Alonso-Magdalena, L., and Lopez-
Facal, S. (2002). Posterior alien hand syndrome after a right thalamic
infarct. J. Neurol. Neurosurg. Psychiatry 73, 447–449. doi: 10.1136/jnnp.
73.4.447

Pascual-Leone, A. (2001). The brain that plays music and is changed by
it. Ann. N Y Acad. Sci. 930, 315–329. doi: 10.1111/j.1749-6632.2001.
tb05741.x

Frontiers in Human Neuroscience | www.frontiersin.org 5 April 2017 | Volume 11 | Article 198

https://doi.org/10.1136/jnnp-2013-307035
https://doi.org/10.3389/fnsys.2015.00056
https://doi.org/10.1016/bs.pbr.2014.11.029
https://doi.org/10.1212/WNL.0b013e31827f0fd1
https://doi.org/10.1007/s10072-011-0490-y
https://doi.org/10.1259/bjr.20150728
https://doi.org/10.1590/s0004-282x2001000400007
https://doi.org/10.1002/mds.21055
https://doi.org/10.1001/archneurol.2012.48
https://doi.org/10.1002/mds.23064
https://doi.org/10.1136/jnnp.55.9.806
https://doi.org/10.1016/j.neubiorev.2012.01.006
https://doi.org/10.1016/j.neubiorev.2012.01.006
https://doi.org/10.1002/mds.20404
https://doi.org/10.1002/mds.20404
https://doi.org/10.1007/s00415-013-6898-y
https://doi.org/10.1016/s0003-9993(99)90114-4
https://doi.org/10.1007/s11910-016-0676-z
https://doi.org/10.1111/j.1474-7766.2004.06-189.x
https://doi.org/10.1016/j.clineuro.2009.05.006
https://doi.org/10.1080/13554794.2010.497154
https://doi.org/10.1136/jnnp.56.7.788
https://doi.org/10.1212/wnl.36.8.1094
https://doi.org/10.1136/jnnp.73.4.447
https://doi.org/10.1136/jnnp.73.4.447
https://doi.org/10.1111/j.1749-6632.2001.tb05741.x
https://doi.org/10.1111/j.1749-6632.2001.tb05741.x
http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Human_Neuroscience/archive


Alfaro et al. Atypical AHS in a Pianist

Perez-Velazquez, J. L. (2012). The biophysical bases of will-less behaviors. Front.
Integr. Neurosci. 6:98. doi: 10.3389/fnint.2012.00098

Pia, L., Garbarini, F., Fossataro, C., Fornia, L., and Berti, A. (2013). Pain
and body awareness: evidence from brain-damaged patients with delusional
body ownership. Front. Hum. Neurosci. 7:298. doi: 10.3389/fnhum.2013.
00298

Prakash, K. M., Ting, S., and Ahmad, M. T. (2011). Unusually increased arm swing
in an apraxic upper limb in corticobasal syndrome. Parkinsonism Relat. Disord.
17, 126–127. doi: 10.1016/j.parkreldis.2010.09.008

Rohde, S., Weidauer, S., Lanfermann, H., and Zanella, F. (2002). Posterior alien
hand syndrome: case report. Neuroradiology 44, 921–923. doi: 10.1007/s00234-
002-0839-2

Rubin, M., Graff-Radford, J., Boeve, B., Josephs, K. A., and Aksamit, A. J.
(2012). The alien limb phenomenon and Creutzfeldt-Jakob disease.
Parkinsonism Relat. Disord. 18, 842–846. doi: 10.1016/j.parkreldis.2012.
04.009

Sarva, H., Deik, A., and Severt, W. L. (2014). Pathophysiology and treatment
of alien hand syndrome. Tremor Other Hyperkinet. Mov. (N Y) 4:241.
doi: 10.7916/D8VX0F48

Scepkowski, L. A., and Cronin-Golomb, A. (2003). The alien hand: cases,
categorizations, and anatomical correlates. Behav. Cogn. Neurosci. Rev. 2,
261–277. doi: 10.1177/1534582303260119

Spector, A. R., Freeman, W. D., and Cheshire, W. P. (2009). The stroke that struck
back: an unusual alien hand presentation. J. Stroke Cerebrovasc. Dis. 18, 72–73.
doi: 10.1016/j.jstrokecerebrovasdis.2008.08.003

Wakana, S., Jiang, H., Nagae-Poetscher, L. M., van Zijl, P. C., and Mori, S. (2004).
Fiber tract-based atlas of human white matter anatomy. Radiology 230, 77–87.
doi: 10.1148/radiol.2301021640

Yuan, J. L., Wang, S. K., Guo, X. J., and Hu, W. L. (2011). Acute infarct of the
corpus callosum presenting as alien hand syndrome: evidence of diffusion
weighted imaging and magnetic resonance angiography. BMC Neurol. 11:142.
doi: 10.1186/1471-2377-11-142

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2017 Alfaro, Bernabeu, Badesa, García and Fernández. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) or licensor are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Human Neuroscience | www.frontiersin.org 6 April 2017 | Volume 11 | Article 198

https://doi.org/10.3389/fnint.2012.00098
https://doi.org/10.3389/fnhum.2013.00298
https://doi.org/10.3389/fnhum.2013.00298
https://doi.org/10.1016/j.parkreldis.2010.09.008
https://doi.org/10.1007/s00234-002-0839-2
https://doi.org/10.1007/s00234-002-0839-2
https://doi.org/10.1016/j.parkreldis.2012.04.009
https://doi.org/10.1016/j.parkreldis.2012.04.009
https://doi.org/10.7916/D8VX0F48
https://doi.org/10.1177/1534582303260119
https://doi.org/10.1016/j.jstrokecerebrovasdis.2008.08.003
https://doi.org/10.1148/radiol.2301021640
https://doi.org/10.1186/1471-2377-11-142
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Human_Neuroscience/archive

	When Playing Is a Problem: An Atypical Case of Alien Hand Syndrome in a Professional Pianist
	INTRODUCTION
	CASE REPORT
	Patient History
	Methods
	Results

	BACKGROUND
	DISCUSSION
	CONCLUDING REMARKS
	AUTHOR CONTRIBUTIONS
	FUNDING
	ACKNOWLEDGMENTS
	REFERENCES


