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A 53-year-old right-handed woman had an extensive lesion in the left hemisphere due to an infarction
caused by vasospasm secondary to subarachnoid bleeding. She exhibited persistent expressive-vocal
amusia with no symptoms of aphasia. Evaluation of the patient’s musical competence using the
Montreal Battery for Evaluation of Amusia, rhythm reproduction tests, acoustic analysis of pitch upon
singing familiar music, Japanese standard language tests, and other detailed clinical examinations
revealed that her amusia was more dominantly related to pitch production. The intactness of her speech
provided strong evidence that the right hemisphere played a major role in her linguistic processing. Data
from functional magnetic resonance imaging while she was singing a familiar song, a scale, and reciting
lyrics indicated that perilesional residual activation in the left hemisphere was associated with poor pitch
production, while right hemispheric activation was involved in linguistic processing. The localization of
infarction more anterior to the left Sylvian fissure might be related to the dominant deficits in expressive
aspects of the singing of the patient. Compromised motor programming producing a single tone may
have made a major contribution to her poor singing. Imperfect auditory feedback due to borderline per-
ceptual ability or improper audio-motor associations might also have played a role.

� 2016 Elsevier Inc. All rights reserved.
1. Introduction

Amusia is a collective term denoting loss or impairment of
musical capacity that may occur as a consequence of brain disease
(Benton, 1977), or a neurodevelopmental disorder (Peretz & Hyde,
2003; Tillmann, Albouy, & Caclin, 2015; Williamson & Stewart,
2013). Clinical and neuroimaging studies in humans have shown
that different hemispheric specializations underlie singing and
speaking (Albert, 1998; Confavreux, Croisile, Garassus, Aimard, &
Trillet, 1992; Jeffries, Fritz, & Braun, 2003; Murayama, Kashiwagi,
Kashiwagi, & Mimura, 2004; Patel, 2003; Riecker, Ackermann,
Wildgruber, Dogil, & Grodd, 2000; Schön, Lorber, Spacal, &
Semenza, 2004; Straube, Schulz, Geipel, Mentzel, & Miltner,
2008). In most right-handed people, production and recognition
of speech predominantly depend on functions of the left hemi-
sphere. Thus, damage or anomaly to this hemisphere often leads
to impaired ability to speak or to understand spoken and written
language.

In contrast, the capacity for music processing seems to be less
specific to either hemisphere. However, production of songs in
right-handers may be a function of the right hemisphere because
there are severely non-fluent aphasics with a relatively well-
preserved ability to sing among dextral patients with extended left
hemisphere lesions (e.g. Amaducci, Grassi, & Boller, 2002;
Yamadori, Osumi, Masuhara, & Okubo, 1977). Gordon and Bogen
(1974) created an experimental model of a temporary state of
expressive vocal amusia with preserved speech by injecting amo-
barbital into the right carotid artery to produce pharmacological
disruption of right hemisphere function. Regarding receptive
aspects of music, the left hemisphere may play an essential role
since its damage commonly results in inability of song recognition
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(Brust, 1980; Hofman, Klein, & Arlanzoroff, 1993; Lechevalier,
Eustache, & Rossa, 1985; Piccirilli, Sciarma, & Luzzi, 2000).

In this paper, we report a rare case of a dextral patient with
stroke who developed expressive-vocal amusia with intact speech
after formation of a large left hemisphere lesion. The intact speech
in this patient provides strong evidence that the right hemisphere
played a major role in her linguistic processing. Detailed evaluation
of her abilities concerning music perception and acoustic analysis
of pitch showed that her disturbed singing performance was lar-
gely related to pitch production. Functional magnetic resonance
imaging (fMRI) confirmed perilesional residual activation in the
left hemisphere associated with poor pitch production and right
hemispheric activation associated with linguistic processing.
2. Case report

A 53-year-old woman was admitted to a local municipal hospi-
tal because of severe headache with acute onset. She was diag-
nosed with subarachnoid bleeding from a ruptured aneurysm in
the left middle cerebral artery. Craniotomy was performed for clip-
ping of the artery on the first day of admission. Vasospasm devel-
oped ten days after the surgery and led to cerebral infarction in the
territory of the left middle cerebral artery. MRI one month post-
onset showed a large lesion in the left hemisphere, which included
the whole left inferior frontal gyrus, adjacent parts of the pre-
central gyrus, the anterior insula, and the posterior superior tem-
poral gyrus. The damage extended to the white matter of the left
frontal and inferior parietal lobule. A white matter lesion was also
found subjacent to the posterior parts of the middle and inferior
temporal gyri. In contrast, the right hemisphere was intact (Fig. 1).
2.1. Neurological and neuropsychological findings

The patient was referred to our hospital for rehabilitation two
months post-onset because of gait disturbance. She was alert and
attentive, and could engage in conversation with no hearing distur-
bance. Her speech was well articulated with normal prosody, and
she was fluent with no paraphasia or apparent difficulty in word
retrieval. A visuoperceptual examination revealed mild visual inat-
tention on the right side with slight constructional disabilities,
both of which vanished shortly thereafter. Right-sided mild visual
Left Right

Fig. 1. T2-weighted images in a brain MRI scan at one month after craniotomy for
clipping of the aneurysm.
inattention at admission had resolved one month later in a follow-
up test, with the initial score of 3 out of 9 changing to zero on the
line bisection task of the Behavioral Inattention Test.

Hemiparesis and superficial sensory deficits including the trunk
and face were present on the right side. The patient also walked
unsteadily in a hemiplegic posture. Her handedness was assessed
using the Edinburgh Inventory (Oldfield, 1971). Her laterality quo-
tient value was +88 right handedness with a decile rank of 7th
right. She also reported no familial history of left handedness.

The Mini-Mental Examination score was 27 out of 30. The Japa-
nese Standard Language Test for Aphasia (SLTA) was used to eval-
uate language functions, and scores for abilities for listening
(40/40 = 100%), speaking (86/91 = 95%), reading (40/40 = 100%),
writing (38/46 = 83%), and calculation (18/20 = 90%) were
recorded. These values indicated language proficiency within nor-
mal limits. She had some difficulties in writing kana characters
(phonograms) and recalling kanji characters (ideograms), but these
abilities recovered within a few weeks. Regarding declarative
memory function, she scored 6 forward and 4 backward on the
digit span test. The frontal assessment battery (FAB) andWisconsin
card sorting test (WCST) were administered as frontal function
tests. The scores were 15 out of 18 points on the FAB, and 4 cate-
gories were achieved on the WCST, indicating frontal lobe function
similar to that in normal adults (Kugo et al., 2007).

2.2. Musical assessment

At the start of in-hospital physical and occupational training,
the patient reported that her singing ability had notably declined,
especially with high-pitch notes, and thus she was referred to the
music therapy department. She reported that she had received
music education as a compulsory subject at elementary and junior
high school, and as an elective subject at high school. She had no
experience of playing musical instruments. She worked as a school
clerk after finishing high school and she enjoyed listening to music
of various kinds during post-adolescence. She also learned and
memorized songs by ear, which was one of her hobbies. She occa-
sionally went to a karaoke club with her family or friends, and on
each occasion she spent several hours singing her favorite songs
prior to her illness. Her family members all reported that she
was a good singer and that she sang songs well in tune, including
the national anthem of Japan (‘‘Kimigayo”).
3. Material and methods

The purpose and methods of the study were carefully described
to the patient before the start of the study, after which she gave
written informed consent. The study was approved by the Ethical
Review Board of Nishi-harima Rehabilitation Hospital. The follow-
ing tests for musical ability were performed.

3.1. Receptive and expressive functions with regard to music

Tests were completed during the first week of music therapy.
Receptive function was tested using simple tone pitch discrimina-
tion, the Montreal Battery for Evaluation of Amusia (MBEA), and
familiar song recognition tests. For simple tone pitch discrimina-
tion, the patient listened to a standard sound of 440 Hz lasting
two seconds, followed by a comparison test sound of the same
duration. The comparison test sound was from a set of tones hav-
ing 10 different levels of pitch between 400 Hz and 490 Hz with a
10-Hz interval. Each sound from the set was tested in a random
order and the test was performed twice. All sounds were created
using digital sampling with Artemiy Pavlov Oscillator software.
After presentation of the second sound, the patient was asked if
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Fig. 2. Mean values of percent errors in the discrimination test of a single-tone
pitch difference for the patient and healthy controls.
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it was higher, lower or equal compared to the standard sound. The
MBEA test was performed to evaluate music perception and mem-
ory function. Six sub-tests (scale, contour, interval, rhythm, meter,
and memory) were used in the study (for details, see Peretz,
Champod, & Hyde, 2003). Music stimuli in this test were presented
from a Roland Sound Canvas SC 50 digital sound source. The ability
to recognize melodies of familiar songs was further tested using 20
pieces chosen from nursery rhymes and well-known songs in Japan
played on the piano. The patient was asked to give the title of each
song.

For musical expressive function, we tested rhythm reproduction
and singing of a familiar song frommemory. The rhythm reproduc-
tion task was performed by selecting ten rhythm patterns from
Fries and Swihart (1990). A randomized sequence of these patterns
was tested twice. The patient was asked to tap the table with her
left hand to reproduce each pattern shortly after hearing it. A PC-
generated beep sound was used for rhythm production. Correct-
ness of her rhythm reproduction recorded on a SANYO PS501RM
linear recorder audio device was rated by two of the authors
who had formal music instrumental training and music education
for more than 20 years. The rhythm pattern was determined to be
successful only when both evaluators judged that it was correct.
For comparison, we also performed the same rhythm production
test on 9 healthy females whose age, educational background,
and music education level were similar to those of the patient.

Familiar song production was tested using the national anthem
of Japan with lyrics, which consisted of 40 notes. No musical
instrument was used to accompany singing. The patient sang the
initial note of the song in the A major key. After several practice
sessions, she was asked to sing by heart for recording. The linear
recorder audio device was placed at a 45� downward angle and
15 cm from her mouth to record her voice. To compare her singing
performance with those of healthy individuals, we asked three
females of similar age, musical training, and educational back-
ground to sing the same song in the same key. Because each note
produced by the subjects had different sound durations, using
Praat sound software with a sampling rate of 44.1 kHz, the onset
and offset moments of each of the 40 notes was first determined
in an interactive manner on a PC screen. The fundamental fre-
quency of the sound data between 25% and 75% of the determined
duration for each note was then computed and compared with that
of a target note.

Recorded sound data for the scale task by the patient and 6
healthy female controls of similar age, musical training, and educa-
tional background were also examined in a similar manner to the
familiar song production. For each subject, the starting sound pitch
of 262 Hz in the C major scale was given using from a digital piano
before the onset of the task.

3.2. fMRI recording

To assess musical and language task-related activation of corti-
cal and subcortical structures, fMRI was performed using a 1.5-T
Philips scanner in a standard head coil. Initial structural scanning
was performed with high-resolution T1-weighted FFE images for
anatomical reference (160 sagittal slices, 1 mm thickness). For
functional scanning, images were acquired using single-shot gradi-
ent echo planar imaging (TR = 3.5 s, TE = 50 ms, flip angle = 90�, 33
transverse slices, matrix = 128 � 128, slice thickness = 4 mm, slice
gap = 0 mm, field of view 192 � 192 mm) covering the whole head.

The experimental tasks included singing the Japanese national
anthem with lyrics (song task), singing ascending and descending
scales in A major with an ‘‘ah” sound (scale task), and reciting
the lyrics of the national anthem (lyrics task). Prior to the fMRI test,
we trained the subject to sing and speak with a small voice volume
so that voicing- and breathing-related motion artifacts on imaging
data were kept minimal. The tempo of the national anthem and
scale singing tasks was trained at 60 beats per minute. The voicing
tempo for lyrics recited at this slow tempo was considered to be
linguistically unnatural, and thus we asked the patient to speak
the lyrics at a freely chosen tempo. This made the voicing tempo
of her recited lyrics about 50% faster than those of her singing
tasks. The patient practiced these tasks as part of her music ther-
apy four times a week for three weeks before undergoing fMRI.

A block design was used in which each of the three tasks alter-
nated, with a rest period between the tasks. Each task or rest lasted
24.5 s. The order of the three tasks was pseudo-randomized. Four
blocks of each of the three tasks were performed by the patient.
During the scans, the patient heard the initiation and timing of
each condition through MR-compatible Hitachi Bilsom EN352
headphones. She was instructed to perform all the tasks by actual
voicing (overt mode) while closing her eyes. fMRI data were ana-
lyzed using SPM8 (Welcome Department of Cognitive Neurology,
London, UK). Activation image data were computed after realign-
ment, co-registration, and smoothing using a 8-mm FWHM Gaus-
sian kernel for each condition, and compared with rest data with
a cluster threshold of 50 voxels (FWE corrected p < 0.05). For
inter-task comparisons, an uncorrected P value of 0.001 (a cluster
threshold of 10 voxels), a less conservative threshold, was also
used for inspection of activation. Activated areas were overlaid
on the patient’s original brain map through careful examination
of images by two of the authors (a neurologist and a radiologist).
4. Results

4.1. Receptive function

In the simple tone pitch discriminating ability test, each of the
10 test tones was compared twice in separate trials with the stan-
dard 440 Hz tone. The patient made an erroneous judgment once
for each of the 420, 430, and 440 Hz test sounds (Fig. 2). The errors
were a response of ‘‘equal” for the 420 and 430 Hz, and ‘‘higher” for
the 440 Hz. These tones with incorrect responses were all within a
semitone range (415–466 Hz) from the standard tone. For
comparison, the mean error rates of the same test performed by
11 right-handed healthy females aged between 42 and 60 years
with educational background, including music education, similar
to those of the patient are also shown in Fig. 2. These healthy
controls also reported that they enjoy daily singing of popular
songs, but had no skill at playing a musical instrument. Their
discrimination errors were also basically within the semitone
range. These errors were mostly made by responding ‘‘equal”
(74.2%), and much less frequently ‘‘lower” (16.1%) or ‘‘higher”
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(9.7%). The low error rate at 440 Hz in the control group thus could
be due partly to inclusion of the uncertain ‘‘equal” response. The
mean number of errors for these controls was 2.82 + 1.94 (SD)
and the corresponding median value was 3. These observations
suggest that the patient retained a relatively normal ability to
discriminate the pitch of a simple tone.

Her scores on the MBEA subscale items were 22/30 for scale,
26/30 for contour, 22/30 for interval, 25/30 for rhythm, 26/30 for
meter, and 25/30 for memory. The score for the scale sub-test
was at the cut-off, and the interval score was one point above
the cut-off (Peretz et al., 2003). The mean rate of correct responses
was 81%, which is above the cut-off (78%), but below the average
rate of 88% in non-musician adults with a normal receptive function
for music (Hyde & Peretz, 2004). Thus, the patient may be at the
borderline of suffering from possible perceptual musical deficits.

The test of familiar song recognition showed that the patient
could recognize and name the title of all 20 familiar songs, showing
that this ability was intact.
4.2. Expressive function

In the rhythm reproduction task, the patient and 9 controls par-
ticipated in reproductions of the rhythm pattern after hearing each
of 10 test patterns. The patient’s score was a full point above the
value (mean + SD = 8 + 1.05) for the controls, who were matched
for age, sex, and musical experience. Therefore, her rhythm repro-
duction ability was judged to be normal. Singing of the Japanese
national anthem was used as another test of expressive music
function. The pitch contour of tones during singing this song by
the patient is shown in Fig. 3A. Each note is shown as a cent value
Fig. 3. (A) Pitch modulations during singing of the national anthem of Japan.
Melodic pitch motion for the patient (solid line) plotted with the target melodic
pitch motion (dashed line). Dash-line oval circles indicated the portions of contour
error. (B) Relationship between fundamental frequencies of notes sung by the
patient and those of target notes. The results for three healthy subjects are also
shown. A linear regression analysis was performed for data from each subject.
relative to the A3 (220 Hz) frequency. If we judge the produced
tone was off-pitch based upon a criterion of >100 cents or
<�100 cents from the correct pitch level, the patient had an
87.5% (35 incorrect notes out of 40) error ratio. In Fig. 3B, the log-
arithmic values of the fundamental frequency for all notes pro-
duced are plotted in relation to the target note frequency for the
patient and three normal controls. Linear regression analysis
revealed a correlation coefficient value for the patient of 0.76
(r2 = 0.58), while those for the controls were close to one. In addi-
tion, the pitch of the notes produced by the patient matched nei-
ther the normal octave range for the current song (A3–A4) nor
one octave below (A2–A3). While the pitch interval of the target
tones needed for this song was between 196 Hz and 442 Hz, the
patient had a limited pitch interval between 195 Hz and 290 Hz.
Fig. 3A and B both clearly show that the pitch values of the notes
produced by the patient showed a greater deviation from the tar-
get notes with an increase in pitch.

In contrast with the high error rate in pitch intervals, the
patient had an error rate of 10% (4/40) in contour direction (see
Fig. 3A). Her singing was thus mostly off-pitch, but exhibited a sim-
ilar pattern of the melody to that for the original one.

In Fig. 4, the pitch height of sound produced by the patient and
6 healthy controls during the ascending and descending scale tasks
is plotted in relation to target pitch height. The patient had appar-
ently off-pitched tones throughout the range of the scale with a
larger deviation from the target at higher notes. Note that the
patient’s sound was off from the initial note. The control people
appropriately had fairly good scaling of the pitch for each target
note.
4.3. fMRI results

Regions of the brain with significantly higher activation associ-
ated with tasks of singing a song or scale, and reciting lyrics com-
pared to baseline resting activation are shown in Fig. 5A. In the
song task, increased activity was found in the bilateral pre-
central gyri, with activation extending to the post-central gyrus
in the right hemisphere. In the scale task, only areas of the left
pre-central sulcus were activated. Reciting lyrics led to increased
activity only in the right pre-central gyrus (see Fig. 5).

Inter-task difference was also examined. When the song task
data were compared with the lyrics data, and also with the scale
data, no brain areas had significant activation at the level of FWE
corrected p < 0.05. At an uncorrected p < 0.001 level for the same
comparisons, the song task then showed significantly greater acti-
vation in the left pre- and post-central gyrus compared to the lyrics
Fig. 4. Frequencies of notes produced by the patient (filled squares for ascending,
and filled triangles for descending) and 6 healthy controls (unfilled circles) during
the scale task plotted in relation to those of target notes.



Fig. 5. (A) Significantly activated brain areas relative to resting data revealed by
fMRI analysis during the tasks of singing of a song or a scale, and reciting lyrics
(p < 0.05, FWE corrected). (B) Areas of activation during singing of a song after
subtracting the scale (Song – Scale) and reciting lyrics (Song – Lyrics) tasks are also
presented (p < 0.001, uncorrected). The coordinates of activation overlaid on the
original brain map are shown from selected coronal and axial views (left panels).
The right panels show the activated areas overlaid on 3D images.
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task (Fig. 5B). Comparison of the song task with the scale task
revealed a small but significant increase in activity in the right pre-
central gyrus (Fig. 5B).
5. Discussion

The right-handed female patient in this study showed persis-
tent expressive-vocal amusia, resulting from an extensive lesion
in the left hemisphere caused by infarction due to vasospasm sec-
ondary to subarachnoid bleeding. She spoke normally with intact
naming, repetition, and auditory comprehension. Evaluation with
the SLTA suggested no linguistic problems, with a mild degree of
verbal fluency and agraphia for kana (phonograms) and kanji
(ideograms) letters, which soon resolved. Other neuropsychologi-
cal examinations showed preserved functions for motor praxis,
and memory and executive functions. The patient’s history includ-
ing her perinatal period indicated no prior brain injury, and no
family members were sinistral or ambidextrous. She used to enjoy
singing karaoke with her family or friends, who reported her to be
a good singer. MRI during her hospital stay suggested no evidence
of right hemispheric damage.

The results for the discrimination test of single-tone pitch dif-
ference and recognition of familiar melodies suggested that her
perceptual function for relatively simple musical tasks could be
normal. However, the results of more precise evaluations made
by the MBEA tests and pitch subtests, in particular, indicated that
her scores might be too low for an individual who enjoyed singing,
and she was not reported by her family to have sung poorly prior to
her cerebral infarction. These findings suggest that although her
receptive function might be within a normal range, the patient
was at the borderline of suffering from possible perceptual musical
deficits.

In contrast, tests of music production revealed impairment of
singing and pitch reproduction ability, which was related to inabil-
ity in proper pitch interval production, rather than impaired
rhythm control. Off-pitch singing was evident in an acoustic anal-
ysis: the patient had 87.5% errors in the pitch interval, but only 10%
errors of pitch direction. These results suggest that she was able to
understand the contours of the melody, but had great difficulty
tuning in her voice on a target tone. In view of these results, the
expressive aspect of amusic conditions, especially inability of
motor control, could be the central issue of our case.

Neuroimaging studies of healthy individuals have shown that
numerous cortical and subcortical areas in both hemispheres are
activated during singing of familiar songs or memorized melodies,
but that regions in the right hemisphere generally exhibit greater
activity (see a review by Berkowska & Dalla Bella, 2009; Jeffries
et al., 2003; Riecker et al., 2000; Özdemir, Norton, & Schlaug,
2006). For example, Riecker et al. (2000) showed that singing of
non-lyrical well-known melodies by a group of right-handed
healthy individuals mainly elicited activation in the regions of
the pre-central gyrus, posterior inferior frontal gyrus, and anterior
insula in the right hemisphere, and in the cerebellum bilaterally.

Clinical studies of brain-damaged patients also suggest that a
lesion in either or both hemispheres can cause amusic conditions
(see reviews by Basso, 1999; García-Casares, Berthier Torres,
Froudist Walsh, & González-Santos, 2013; Satoh, 2014; Stewart,
Kriegstein, Warren, & Griffiths, 2006). Right-handed amusic
patients with unilateral right-hemisphere lesions often exhibit no
or only slight signs of language disorders (Hochman & Abrams,
2014; McFarland & Fortin, 1982; Murayama et al., 2004; Peretz
et al., 1994; Schön et al., 2004; Terao et al., 2006). A female non-
musician who had a stroke in the right hemisphere that damaged
the right lateral frontal lobe, primary motor and sensory cortices,
superior temporal gyrus, insula, and inferior parietal lobe devel-
oped an inability to sing pitch intervals accurately, but singing
rhythms and melodic contour were relatively spared (Murayama
et al., 2004). Her perceptual ability for music and linguistic func-
tions were also relatively normal, except for a decline in emotional
prosody during speech. Similarly, Schön et al. (2004) described an
amateur singer with right-lateral damage who performed well in
music recognition and discrimination, and in language function
tests, but was selectively impaired in singing the correct interval.
The infarcted regions in this patient were the inferior frontal gyrus,
posterior temporal lobe, and inferior parietal lobe.

In contrast, damage to the left hemisphere frequently leads to
severe disorders of linguistic function due to left-lateralized lan-
guage processing in most right-handed people, and may also cause
problems in music processing (Alcock, Wade, Anslow, &
Passingham, 2000; Basso, 1999; Hofman et al., 1993). In patients
with unilateral left- or right-hemisphere damage, Alcock et al.
(2000) found that those with left-hemisphere damage were mostly
impaired in perceiving and reproducing rhythms, without prob-
lems with singing the correct pitch; whereas those with right-
hemisphere damage commonly exhibited greater difficulties in
accurate pitch production and perception, with less marked
rhythm processing.

The patient in the current study had a unilateral left-
hemisphere lesion and did not seem to exhibit the relatively
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common behavioral characteristics of left-hemisphere damage
described above. This suggests that the neural system of her
pitch-interval control might be in the left hemisphere. This appears
to be supported by fMRI results of a perilesional blood flow
increase in the left hemisphere during the scale task of non-
lyrical vocal pitch production. The well-preserved production and
perception of linguistic function despite the relatively extensive
left-hemispheric lesion, and fMRI results showing a major blood
flow increase in the right hemisphere during recital of lyrics sug-
gested that her dominant linguistic network could be in the intact
right hemisphere, although no control data for this experiment
limits our interpretation. Indeed, cerebral lateralization of lan-
guage dominance has been recognized in the right hemisphere in
about 4% of strong right handers, and increases linearly with the
degree of left-handedness to reach 27% in strong left handers
(Knecht et al., 2000). There are also an increasing number of
reports of aphasic patients with unilateral right-hemispheric
lesions, which is designated as ‘‘crossed aphasia” (Alexander &
Annett, 1996; Brown & Wilson, 1973; Yokoyama, Okubo, Doseki,
& Yamadori, 1981).

In a recent review of amusic cases, Satoh (2014) identified only
one amusic patient without aphasia with unilateral left
hemisphere-damage (Piccirilli et al., 2000). Following development
of a focal lesion in the left superior temporal gyrus, a left-handed
amateur male musician exhibited a deficit of productive and recep-
tive musical functions, while his verbal and non-verbal cognitive
domains were finally preserved after initial mild aphasia had
resolved (Piccirilli et al., 2000). Our patient differed in the hand
dominance and in the extent of impaired musical function. How-
ever, the clinical data and fMRI evidence in our case indicated that
expressive amusia could result from a unilateral left-hemispheric
lesion in a small number of people who probably have cerebral lat-
eralization of dominant linguistic function on the right side. Our
data further indicate that this could occur in dextral individuals.

Cases with expressive amusia, such as vocal and instrumental,
have been reported to show lesions in the superior temporal lobe
(McFarland & Fortin, 1982; Schön et al., 2004; Terao et al., 2006)
or frontal lobe (Botez & Vertheim, 1959; Schön et al., 2004). The
aberrant hemispheric lateralization and functional organization
of the brain in this case often defy the lesion-behavior relation-
ships commonly found in the dextral brain, as in crossed aphasia
(Mariën, Paghera, De Deyn, & Vignolo, 2004). However, the local-
ization of infarction extending from the inferior frontal to temporal
gyri but distributing more anterior to the left Sylvian fissure,
including the precentral and postcentral gyri, may be related to
the dominant deficits in expressive aspects of singing in our
patient. The increased activity in the perilesional areas in the left
precentral sulcus associated with the song and scale tasks in fMRI
could have resulted from a compensatory reaction in nearby sur-
viving areas and might also be due to neuroplasticity in these areas
(Hamilton, Chrysikou, & Coslett, 2011; Ward & Cohen, 2004).

In the song production task the patient’s errors solely com-
prised a series of monotonous off-target sounds with little succes-
sive variations in pitch interval, but did not include wrong notes
that deviated from target sounds. This may indicate that compro-
mised motor programming of producing a single tone made a
major contribution to the patient’s poor singing. Imperfect audi-
tory feedback due to the borderline perceptual ability or improper
audio-motor associations (Terao et al., 2006) due to extensively
damaged temporofrontal fiber connections may also have played
a role. Although the patient had difficulty producing high-pitched
notes above 300 Hz of F0, she was also unable to properly give
out low-pitched sounds which were consistently produced below
targeted notes. It may be certain that the difficulty the patient pre-
sented in singing implicates disordered motor control, but neuro-
logically there were no abnormal findings concerning the motor
system including the pyramidal, extrapyramidal, and coordination
functions, and the patient spoke normally with good articulation.
That could mean that the problem with producing targeted notes
in singing in the present case is not just a matter of impaired fine
motor control of the laryngeal muscles by the motor cortex more
related to output of high-pitch sounds, but also of deficient pro-
gramming to organize motor engrams involved in producing musi-
cal sounds beyond the motor and motor association cortices, as its
lesion distribution might also suggest.

As far as we are aware, our case is an extremely rare example of
amusia more dominantly related to pitch production caused by
unilateral left cerebral insult in a right-hander, in whom most lin-
guistic function is shifted to the right hemisphere; while parts of
the modular neural network concerning pitch production of music,
which are often associated with the right hemisphere, are present
in the opposite hemisphere.
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