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and which are impaired. Individuals with Alzheimer’s
disease (AD) have been reported to have impairments
in episodic and semantic memory while retaining the
capacity to sing familiar melodies, recognize well-known
songs, or engage in musical performance [5,6].

This dissociation is frequently observed in clinical
settings and has been highlighted in public cases such
as that of the well-known musician Tony Bennett, who
continued to perform professionally following his AD
diagnosis. Although he exhibited difficulty recalling the
names of other performers with whom he had worked
for much of his career, he remained able to perform
complex musical repertoires with high accuracy [7]. His
wife reported:”’[He was] a physically fit 89-year-old who
performed timeless ballads perfectly [...] Occasionally,
a song will remind him of a story from earlier in his life
[71

Such cases underscore music’s potential to elicit
autobiographical recollections in dementia, sometimes
more effectively than non-musical cues [8], with effects
that vary by disease stage, cue type, and outcome defini-
tion. In the case of Tony Bennett, lifelong professional
music training may have contributed to the preservation
of his musical abilities. However, prior research suggests
that select musical abilities can also be preserved in indi-
viduals with dementia without extensive musical training
[2-5]. Why is musical memory selectively resilient rela-
tive to other domains of memory and cognitive functions?

The public health burden of dementia is growing:
approximately 7.2 million Americans over the age of 65
are currently living with dementia, a number projected
to rise to 13.8 million by 2060 [9]. As the societal and
economic costs of dementia escalate, there is increased
interest in interventions that are effective, scalable, and
accessible, especially those that can be implemented at
minimal cost and maximal enjoyment for both patients
and their caregivers.

Music, a universal human behavior with deep cul-
tural and evolutionary roots [10], may be a promising
candidate for supporting emotional well-being and qual-
ity of life in individuals with AD and related dementias
(ADRD) [4,11-15]. And in some cases, music may even
improve cognitive abilities such as autobiographical
memory retrieval, though results have been inconsistent
across studies [15,16]. Here, we synthesize behavioral
and neuroimaging evidence to clarify which components
of music processing are relatively preserved and which
are selectively vulnerable across amnestic AD, primary
progressive aphasia syndromes, and other frontotempo-
ral dementias (FTDs). We then identify critical gaps that
must be addressed to support the development of a robust
and mechanistically grounded framework for music per-
ception in neurodegenerative disease.
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MAPPING MUSIC IN THE BRAIN

Music engages multiple cognitive and affective sys-
tems, including those related to memory, emotion, and
self-identity [17-19].

Personalized music, in particular, elicits heightened
activity in self-referential and affective neural hubs and
enhances functional connectivity across these systems in
older adults [20,21]. Here, personalized music refers to
songs that are self-selected and personally meaningful to
each participant, usually identified during a structured in-
terview component of the study. Familiar music denotes
researcher-selected pieces that are widely recognized but
not necessarily personally significant. Even when not
personally selected, familiar music can serve as a cue
for autobiographical memories. These memories vary in
vividness and emotional salience and are more frequently
associated with life events when rated as strongly autobi-
ographical [17].

Notably, music-evoked autobiographical memory re-
mains relatively preserved even in moderate to late stages
of AD, in contrast to spoken language and other semantic
domains [4,8,22]. The default mode network (DMN),
which is critical for autobiographical memory and
self-referential processing, is one of the earliest affected
functional networks in AD, showing reduced functional
connectivity before clinical symptoms appear [23,24].

In contrast, other systems recruited during music
listening show a different trajectory in AD. The salience
network, which supports detection and prioritization of
emotionally meaningful stimuli [25], exhibits dynamic
changes in functional connectivity as the disease pro-
gresses [24]. By comparison, auditory-motor networks
involved in rhythm, pitch, and beat perception [26-28]
are relatively preserved [5] or undergo functional reorga-
nization [29-32]. Such patterns may reflect compensatory
mechanisms that help maintain musical abilities even as
other cognitive domains deteriorate.

Although numerous studies have investigated the
clinical and behavioral benefits of music-based interven-
tions in dementia [16,33-36], a smaller body of work has
begun to characterize the neural substrates of musical
memory and music engagement in AD [1,5,27,37]. These
studies demonstrate that aspects of musical processing
can be supported by relatively preserved neural circuit-
ry. However, the literature often focuses on single syn-
dromes or specific musical domains and has yet to estab-
lish a comprehensive account of how distinct dementia
syndromes differ in the preservation or vulnerability of
musical functions.

In the sections that follow, we synthesize behavioral
and neuroimaging evidence to characterize how music
engages distributed neural systems involved during
music-evoked memory and emotion across AD, FTD,
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and related dementias. We distinguish between musical
semantic and procedural memory, which involve the
recognition of familiar melodies and performance of
overlearned musical material, and music-evoked autobi-
ographical memory, in which music serves as a cue for
self-referential recall of past experiences. Music-evoked
emotion captures the affective and reward responses that
contribute to the salience of these experiences.

These processes are deeply interconnected as mu-
sic often acts as both an emotional cue and a mnemonic
trigger [38-40]. We highlight how these systems reorga-
nize, or fail to reorganize, during neurodegeneration, and
we discuss emerging theoretical frameworks that may
explain music’s preserved function despite widespread
cognitive decline.

HEALTHY INDIVIDUALS

Music engages a distributed network of systems that
support autobiographical memory, emotional processing,
and auditory-motor integration [41-46]. Rather than be-
ing localized to a single network, music perception and
enjoyment emerge from dynamic coordination across the
default mode [47], salience [48], auditory [49], motor
[50], and reward networks [51].

SELF-REFERENTIAL AND
AUTOBIOGRAPHICAL SYSTEMS

During music listening, core DMN regions, includ-
ing the medial prefrontal cortex [17,20], posterior cingu-
late cortex [17,20], angular gyrus [20], temporoparietal
junction, and medial temporal lobe, are engaged when
listening to music that involves autobiographical salience
or self-relevance [52]. These regions are associated with
music-evoked nostalgia and autobiographical memory
retrieval, especially for familiar or self-selected music.
Older adults show stronger activation of these DMN
regions during nostalgic music-listening compared with
younger adults, suggesting that aging may amplify the
recruitment of self-referential and affective systems [20].
Indeed, music and autobiographical memory are linked,
as evidenced by behavioral studies [53-60].

EMOTION AND SALIENCE APPRAISAL
SYSTEMS

Emotionally engaging music activates the salience
network, which helps detect and prioritize emotionally
relevant stimuli while mediating switches between inter-
nally and externally directed attention [25]. Core regions,
such as the insula, amygdala, and orbitofrontal cortex,
integrate sensory input with affective value [61-63]. The
salience network interacts closely with the mesolimbic
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reward circuit, including the nucleus accumbens and
ventral striatum, which mediate pleasure, reward antici-
pation, and dopaminergic signaling [19,64,65]. Together,
these systems form a salience-reward axis that is partic-
ularly activated by emotionally moving, self-relevant, or
novel/unexpected music [18,51,66].

AUDITORY-MOTOR COUPLING SYSTEMS

Music also engages a network of auditory and sen-
sorimotor systems that parse rhythm, pitch, and mel-
ody [26-28,67]. The superior temporal gyrus supports
primary auditory perception [68-70], while the inferior
frontal gyrus and supplementary motor area contribute to
rhythmic and syntactic processing [1,28,71]. The basal
ganglia supports rhythm perception and motor planning
[5,20,72], while the cerebellum fine-tunes timing and
coordination during music engagement [71-73]. These
subcortical regions give rise to auditory-motor coupling,
enabling predictive timing, and entrainment that bridge
perception and movement.

REWARD AND INTEGRATIVE PROCESSING

Reward-related activity is especially robust during
pleasurable music listening, particularly when the mu-
sic is familiar or self-selected [64,65]. The nucleus ac-
cumbens plays a central role in reward anticipation and
hedonic valuation and is consistently engaged under
these conditions [19]. It is functionally connected with
the auditory cortices, amygdala, and prefrontal regions
involved in emotional evaluation and memory integra-
tion, including the orbitofrontal cortex, anterior cingulate
cortex, and medial prefrontal cortex [19,27,65].

In addition to the mesolimbic system, positive affec-
tive responses to music engage the cortico-thalamo-stri-
atal circuit, including the dorsal and ventral striatum,
motor regions, and limbic areas [27,74]. Collectively,
these findings demonstrate that music reward processing
is not confined to subcortical pleasure centers but extends
across a broader network that links affect, movement, and
memory.

Taken together, the functional neuroimaging litera-
ture reveals that music perception arises from coordinated
interactions among large-scale brain networks. Integra-
tive hubs, particularly within the medial prefrontal and
orbitofrontal cortices, along with the temporoparietal and
superior temporal cortices, are anatomically positioned
to integrate communication between systems supporting
autobiographical recall, emotional salience and reward,
and sensorimotor processes. This integration may ex-
plain why familiar music can evoke powerful emotional
responses, vivid autobiographical memories, and motor
engagement, often simultaneously.
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MUSICALITY IN DEMENTIA
AD

AD is the most common cause of dementia and the
number of individuals living with the disease is rapidly
rising [9]. The pathological hallmarks of AD include the
extracellular deposition of beta-amyloid and intraneuro-
nal inclusions of tau protein, and it is typically character-
ized by symptoms of progressive amnesia [75].

In some cases of ADRD, specific components of mu-
sic perception and memory may be relatively preserved.
Cohort studies demonstrate selective dissociations across
musical subdomains that vary by disease stage and de-
mentia syndrome. For example, in AD and posterior
cortical atrophy, musical semantic memory may remain
intact despite impairment in musical episodic memory
relative to healthy individuals [1]. In a separate cohort
of individuals with moderate to severe AD, substantial
heterogeneity was observed at the individual level, with
some participants performing similarly to healthy con-
trols, others showing partial sparing, and some demon-
strating near complete loss of musical memory [76].
However, the mechanisms underlying these variable
patterns remain understudied.

In previous work, we have discussed the potential
for musical symptoms, such as musical alexia (difficulty
reading music) and agraphia (difficulty writing music),
to serve as early indicators of neurodegeneration, as
illustrated in the case study of a professional orchestral
musician [77]. Other research suggests that certain defi-
cits in music perception, such as impaired global pitch
processing, may help differentiate AD from other demen-
tia syndromes, but further investigation is warranted in
larger cohorts [2].

In AD, episodic memory for newly encountered mu-
sical material becomes impaired [1]. This impairment is
consistent with core hubs of the posterior midline DMN
that undergo degeneration early in AD, particularly with-
in the posterior cingulate cortex [78] and precuneus [79].
In contrast, musical semantic memory (eg, recognizing
familiar tunes) and procedural memory (eg, playing a
learned instrument), are relatively preserved well into the
course of the disease [3,80-82]. The preservation of these
abilities has been linked to regions that are structurally
and functionally spared, including the medial prefrontal
cortex and supplementary motor area [5,37].

In healthy individuals, the salience and default mode
networks flexibly reconfigure as attention shifts between
internal and external focus. In AD, however, this dynam-
ic balance progressively deteriorates: the DMN shows
abnormal activation during sensory tasks, indicative of
inefficient network switching [83]. Familiar music listen-
ing activates anterior DMN hubs, including the medial
prefrontal cortex, while driving functional coupling with
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salience and motor circuitry, particularly the supplemen-
tary motor area, anterior cingulate, insula, and temporal
lobes [5,37,84]. By contrast, posterior DMN hubs such as
the posterior cingulate cortex are canonical early sites of
dysfunction in AD [78].

Emerging neuroimaging work has begun to examine
whether music-based interventions influence functional
connectivity. In a cohort of 17 individuals with AD who
completed a 3-week personalized music listening pro-
gram, resting-state functional MRI (fMRI) was acquired
immediately before and after self-selected music listen-
ing within a single session. At the group level, a mod-
est increase in mean global functional connectivity was
observed following the listening task. However, the du-
rability of these effects remains unclear, as imaging was
conducted only once at the conclusion of the intervention
period [37]. Similar studies report increased connectivity
after a 6-month music-based intervention within frontal
(superior frontal and precentral gyrus) and temporal (in-
ferior and superior temporal gyri) regions [85]. In a pilot
study of 14 individuals with early-stage cognitive de-
cline, 3 weeks of daily autobiographically salient music
listening was associated with reduced activity in the bilat-
eral basal ganglia and right inferior frontal gyrus, as well
as declines in fronto-temporal connectivity. Participants
also showed a significant improvement in the memory
subdomain of the Montreal Cognitive Assessment [86].

Music listening, particularly familiar or emotional-
ly salient pieces, evokes autobiographical memories by
activating the DMN. Autobiographical memory recall
significantly improved for individuals with AD when
listening to Vivaldi’s Four Seasons (which was presum-
ably familiar to participants) compared to silence or
background noise [60,87,88] and personalized music,
as defined earlier, produced even greater benefits [89].
Emotionally evocative music, especially sad pieces, have
been shown to further amplify autobiographical recall,
suggesting that the associated emotion, rather than music
per se, triggers these memories [90].

At a perceptual level, patients with AD show im-
paired processing of melodic contour (ie, overall direc-
tional pitch patterns in a melody, relative to its musical
context) but relatively preserved local pitch, temporal pat-
tern, and tune recognition abilities [2], although a small
number of studies have systematically examined music
perception ability in people with dementia. Similarly, AD
participants exhibit normal emotional reward responses
to the ending of melodies despite subtle deficits in the
processing of harmonic information [91]. Other studies
have found that individuals with AD are less accurate in
labeling a melody as finished or unfinished, potentially
reflecting altered processing of musical expectation and
resolution [92].

Altogether, these findings suggest that AD may
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disrupt predictive and integrative aspects of music per-
ception, while emotional reward systems remain rela-
tively spared. By engaging residual DMN function, these
preserved reward systems may support autobiographical
recall in individuals with AD.

ATYPICAL AD

Logopenic Variant Primary Progressive Aphasia

Primary progressive aphasia (PPA) has several vari-
ants that we will discuss here. The first, logopenic variant
PPA, is characterized by word retrieval and sentence
repetition deficits associated with atrophy of the left tem-
poro-parietal junction [93] and underlying AD pathology
[94]. Basic aspects of auditory and music perception ap-
pear relatively preserved in logopenic variant PPA. Par-
ticipants generally perform similarly to healthy controls
on measures of pitch, thythm, and timbre discrimination,
suggesting that low-level auditory processing remains
intact [95].

More complex forms of auditory processing in lo-
gopenic variant PPA reveal a mixed picture. In the same
study, performance on a local pitch-sequence detection
task was significantly correlated with a composite score
spanning single-word, pseudoword, and sentence repeti-
tion, suggesting a link between auditory sequencing and
phonological working memory capacity [95]. Although
participants did not, on average, differ from controls,
the observed correlation is consistent with overlapping
neural substrates within left temporo-parietal regions that
support both verbal repetition and auditory sequencing
[95]. Other work has demonstrated group-level deficits in
logopenic variant PPA for global pitch processing, a high-
er-order integrative function that requires tracking pitch
relationships over time to perceive melodic contour [2].
Together, these findings suggest that logopenic variant
PPA primarily affects higher levels of auditory integra-
tion, where music and language converge through shared
temporal sequencing and phonological working memory
mechanisms.

Beyond music processing, logopenic variant PPA
patients also show difficulty identifying the emotional
tone of auditory stimuli when cues are degraded, suggest-
ing broader impairments in auditory integration under
challenging listening conditions [96,97]. The overlap
between regions that normally decode and integrate
continuous sound streams and those affected by atrophy
in logopenic variant PPA, particularly in the posterior
superior temporal gyrus, inferior parietal lobule, and
fronto-parietal auditory-motor circuits, likely underlies
these deficits [93,96]. Nevertheless, direct neuroimaging
of patients while engaging with music tasks has not been
undertaken, leaving open questions about how degener-
ation of these systems impacts the perception of music
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structure, emotional prosody, and predictive timing in
this population.

Posterior Cortical Atrophy

Posterior cortical atrophy (PCA) is the visuospatial
variant of AD [98] and is associated with atrophy in pari-
etal-occipital regions of the brain [99]. Patients with PCA
show deficits in interpreting complex, dynamic visual
environments that require object parsing [100]. This im-
pairment extends into auditory scene analysis, suggesting
parallel breakdowns in segregating and integrating audi-
tory and visual information [101], rather than a specific
deficit in auditory processing.

Case studies have provided insight into how PCA af-
fects musical abilities. One musician with right-predomi-
nant PCA exhibited spatial agraphia, visuopraxic deficits,
and difficulty performing music, despite intact rhythm
repetition [102]. Another musician developed alexia for
music prior to words, highlighting that the ventral visual
system contributes to reading both music and language
[103]. On formal testing, PCA participants show impaired
musical episodic memory, but intact musical semantic
memory, along with abnormal activation of the posterior
cingulate during repeated melodies [1].

In contrast, a professional musician with absolute
pitch (ie, the relatively rare ability to name the pitch level
of a musical note without consulting a reference tone)
who developed PCA retained pitch and rhythm working
memory despite verbal working memory loss [104]. Al-
though this case illustrates a dissociation between musi-
cal and verbal working memory in the context of PCA
degeneration, its generalizability may be limited by the
individual’s high level of musical expertise. Research on
PCA and auditory processing remains limited, and broad-
er cohort-level studies are needed to determine whether
similar patterns extend to less musically trained individ-
uals.

FTD

While AD provides a model for the memory-related
aspects of music’s resilience in the brain, studies of mu-
sicality in FTD reveal how disruptions in socio-emotion-
al and language networks alter music processing. FTD
encompasses a spectrum of neurodegenerative disorders
that primarily affect behavioral or linguistic functions,
typically due to atrophy of the frontal, insular, and an-
terior temporal lobes of the brain, and are pathologically
distinct from AD [105,106].

Behavioral Variant FTD

People with behavioral variant FTD exhibit progres-
sive behavioral changes, inappropriate social conduct,
and executive dysfunction [107]. Neurodegeneration in
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behavioral variant FTD selectively targets the salience
network [25], particularly the anterior cingulate, fron-
toinsular cortex, striatal, and frontopolar regions that
support socio-emotional processing [108]. Given the pro-
posed role of the salience network in affective and reward
responses to music [20,43,48], behavioral variant FTD
provides a useful model for examining how disruption of
this network may be associated with alterations in music
perception. Changes in musical reward, including musi-
cophilia, characterized by an increased craving for music,
and musical anhedonia, a reduced interest or pleasure in
music [109], have been described across FTD phenotypes
[110-112]. The majority of behavioral variant FTD par-
ticipants in one study reported altered music appreciation,
with musicophilia being the most common [113]. These
behavioral phenotypes may be representative of dysfunc-
tion within the salience network, which typically supports
both emotional and social cognition. In a follow-up study,
behavioral variant FTD participants showed significant
impairments in music emotion discrimination, melody,
tempo, and accent recognition, which paralleled deficits
in facial emotion recognition and theory of mind [114].

Voxel-based morphometry showed atrophy in the
anterior temporal, insular, and orbitofrontal regions, core
salience network hubs that mediate social and affective
meaning [115] and are among the earliest affected in
behavioral variant FTD [116-118]. These same regions
show both regional atrophy [108,119,120] and disrupted
intrinsic connectivity [121-123], supporting the notion
that salience network degeneration may underpin the
impaired emotional salience appraisal and disrupted pre-
dictive processing observed during music listening in this
population.

Despite this disruption of affective circuitry, basic
auditory perception appears relatively preserved. During
an fMRI paradigm assessing emotional processing, be-
havioral variant FTD participants retained normal activa-
tion to simple acoustic analysis but abnormal responses
to musical emotion. Specifically, group-by-condition in-
teractions were observed in the dorsal brainstem regions
in the vicinity of the locus coeruleus and raphe nuclei, as
well as in limbic, paralimbic, and prefrontal cortices. This
interaction reflected a crossover pattern in which emo-
tional variation enhanced activity in healthy controls but
reduced activity in individuals with behavioral variant
FTD [124]. These findings suggest that while sensory en-
coding remains intact, higher-order emotional appraisal
and arousal are dysregulated in behavioral variant FTD.

During a task that measured sensitivity to expecta-
tion and surprise in music, participants showed reduced
accuracy in detecting both structural (ie, syntactic) and
meaning-related (ie, semantic) deviations, along with
diminished behavioral and physiological responses to
unexpected musical events [125]. Consistent with this,
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other work shows that behavioral variant FTD is associ-
ated with reduced accuracy in classifying melodies as fin-
ished or unfinished and exhibit both impaired decoding of
harmonic structure and abnormal emotional responses to
the way a melody ends [91,92]. Together, these findings
provide evidence that behavioral variant FTD influences
how musical expectations are generated and emotionally
evaluated, linking disrupted predictive processing with
blunted affective responses seen in this population.

Semantic Variant PPA (svPPA)

Semantic variant PPA (svPPA) is characterized by
fluent speech with anomia and profound semantic loss.
The syndrome is typically left-dominant and charac-
terized by atrophy of the anterior temporal lobe [106].
Although patients with the disorder lose the meaning of
words, they nonetheless maintain intact grammar and
prosody [106]. Semantic memory is thought to not only
support emotional processing [126] but also music per-
ception [127], making this population of particular inter-
est for the study of auditory processing.

Converging neuroimaging evidence indicates that
many musical functions overlap with regions that sub-
serve language processing, particularly the superior
temporal gyri and inferior frontal cortex, which support
auditory, syntactic, and prosodic processing [128-130].
These regions are functionally integrated with the an-
terior temporal lobe via long-range white matter tracts
[131-133]. Ventral connections, including the uncinate
fasciculus, support semantic integration, whereas the
dorsal arcuate fasciculus contributes to phonological and
sensorimotor mapping processes [134,135]. Degenera-
tion of the anterior temporal hub in svPPA likely disrupts
the integration of structural and emotional components of
music, impairing its semantic associations while leaving
perceptual processing relatively intact.

Some studies report that individuals with svPPA pre-
serve their ability to identify familiar melodies [82,136]
and in some cases can continue singing a familiar mel-
ody if cued [137]. However, despite recognizing a tune
as familiar, they often show difficulty in accessing its
semantic or affective associations — for example, link-
ing a piece to its emotional valence, cultural context, or
functional category. This pattern reflects a decoupling
between perceptual familiarity (“knowing a melody”)
and conceptual understanding (“knowing its meaning”)
[136]. Across multiple studies, participants show deficits
in recognizing basic emotions from music [82,136,138].
Interestingly, happiness and anger/fear were generally
better recognized than sadness for participants during a
behavioral music listening task [136].

Whereas individuals with svPPA show difficulty
identifying musical emotion, as discussed earlier, indi-
viduals with AD often exhibit strong emotional and au-
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tobiographical responses to familiar or sad music [90].
This may be indicative of a dissociation between emo-
tional recognition and emotion-evoked memory retrieval,
or differences in emotional salience processing between
these two groups. Compared to healthy controls, svPPA
participants perform worse on linking musical excerpts
to semantic categories (eg, lullabies, funerals, or celebra-
tions) [136] and show difficulty in identifying musical
instruments based on their sounds alone [82]. Atrophy
in svPPA typically begins in the left anterior temporal
pole, disrupting the semantic representations that support
language and conceptual knowledge [139,140]. As the
disease progresses to the right anterior temporal pole, re-
gions critical for processing social and emotional mean-
ing become increasingly affected, leading to deficits in
linking music with affective significance [138,141]. Lon-
gitudinal imaging work indicates that atrophy may later
extend into the orbitofrontal cortex, amygdala, and insula
[142], which are key nodes of the salience network that
mediate emotional appraisal and interoceptive awareness
[143].

The right temporal pole appears particularly import-
ant for processing familiar tunes and faces [138,144]. In
a case report of a musician with absolute pitch and left
temporal damage, absolute pitch and tone notation were
preserved despite impaired verbal short-term memory
[145]. In a separate study of two individuals with svPPA,
recognition of musical excerpts was preserved, whereas
semantic association to music was impaired. Only the
participant with bilateral anterior temporal lobe atrophy
exhibited deficits in recognizing musical emotion; the
participant with predominantly left-sided atrophy did not
[146]. This progression suggests that the right temporal
and salience network degeneration jointly undermine the
emotional resonance of music, even as lower-level per-
ceptual and syntactic aspects remain intact.

In addition to deficits in musical semantic and emo-
tion processing, svPPA is associated with abnormalities
in musical reward and the processing of musical struc-
ture. Although participants can decode melodies as ton-
ally resolved or unresolved, they exhibit an abnormal
reward response to the end of musical sequences [91] and
rate unfinished melodies as less unpleasant than healthy
controls do [92]: the musical “rules” remain intact, but
emotional and predictive reward systems supporting mu-
sical pleasure are disrupted, likely due to degeneration
of anterior temporal and, at later stages, orbitofrontal re-
gions that support evaluation and integration of semantic
and emotional information.

Although formal network analyses are lacking,
these findings are consistent with disrupted interactions
between temporal-semantic and salience systems, which
together support the mapping of conceptual knowledge
onto affective and motivational value. Once right tem-
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poral and salience-related regions are affected, these dis-
ruptions likely erode the emotional resonance and reward
value that music holds for individuals with svPPA.

Non-Fluent Variant PPA (nfvPPA)

Individuals with non-fluent variant PPA (nfvPPA)
(also known as primary nonfluent aphasia) struggle with
agrammatism and slow, labored speech production [93],
associated with atrophy of the left posterior (and inferi-
or) frontal lobe and insular cortex [147]. Their language
symptoms are the result of broader dysfunction in audito-
ry-motor integration [2].

Participants with nfvPPA performed significantly
worse on a pure-tone audiometry test compared to AD
and displayed asymmetric hearing loss, reflecting re-
duced peripheral auditory sensitivity in this group [148].
Higher-order auditory processing tasks reveal additional
deficits. During behavioral music tasks, participants
showed reduced ability to detect altered notes in familiar
musical excerpts in addition to lower accuracy in detect-
ing basic sound changes (ie, shifts in pitch, loudness, or
timbre) compared to healthy controls [125]. In a pitch
pattern decoding task, they performed worse in detecting
both overall changes in melodic contour and smaller pitch
changes between adjacent tones [2], though consensus is
mixed. Another study reveals that participants have more
difficulty with processing pitch changes across a tone se-
quence than between pairs of tones [95]. Individuals with
nfvPPA also exhibit a similar pattern of local and global
deficits in the realm of temporal pattern and identifying
whether a familiar tune is present [2]. Furthermore, this
group exhibited significant impairment in processing
rhythm of tone sequences compared to other groups [95].
This impaired perception of musical melodies parallels
deficits in speech prosody.

NfvPPA participants also have a significantly higher
false-alarm rate compared to healthy controls, over-inter-
preting normal variations within melodies as errors [125].
This suggests that their auditory system makes overly rig-
id predictions about upcoming sounds and is consistent
with a generalized deficit in detecting unexpected devia-
tions within a musical sequence.

Together, research across these dementia syndromes
illustrates that music and memory are not localized to a
single “music center” but instead emerge from the dy-
namic interaction of distributed neural systems. Each
clinical phenotype highlights a different facet of this or-
ganization: AD emphasizes the role of the default mode
network in autobiographical and predictive aspects of
musical memory; behavioral variant FTD and svPPA re-
veal how salience and semantic networks anchor music’s
emotional and conceptual meaning; while nfvPPA illu-
minates the auditory-motor circuits essential for rhythm,
prosody, and syntactic structure. Figure 1 illustrates the



250

Moret et al.: Musicality is preserved in neurodegeneration

anterior cingulate
anterior/posterior temporal
insula

occipital

posterior cingulate
precuneus

anterior temporal

inferior frontal gyrus (broca's)
medial temporal

orbitofrontal / vmpfc
posterior parietal
temporoparietal junction
preserved musical regions

EEENEEEEN

N

Figure 1. Syndrome-specific patterns of cortical vulnerability disrupt memory, emotion, or predictive process-
ing while sparing integrative hubs implicated in musical cognition. Lateral and medial brain visualizations show
regions of predominant cortical atrophy across six dementia syndromes: Alzheimer’s disease (AD), logopenic variant
primary progressive aphasia (IvPPA), posterior cortical atrophy (PCA), behavioral variant frontotemporal dementia
(bvFTD), semantic variant PPA (svPPA), and non-fluent variant PPA (nfvPPA). Distinct colors indicate major cortical
regions affected in each syndrome: anterior cingulate (green), anterior/posterior temporal lobe (purple), insula (yel-
low), occipital (orange), posterior cingulate (red), precuneus (teal), anterior temporal (magenta), inferior frontal gyrus/
Broca’s area (light blue), medial temporal (lime green), orbitofrontal/ventromedial prefrontal cortex (violet), posterior
parietal (dark blue), and temporoparietal junction (blue). Hatched regions with white outlines denote preserved musical
regions, which show relative structural and functional resilience across syndromes and overlap with auditory, salience,
and reward networks. Together, these maps highlight syndrome-specific patterns of cortical vulnerability that selectively

disrupt memory, emotion, or predictive processing while sparing integrative hubs supporting music cognition.

characteristic patterns of cortical vulnerability across
these syndromes alongside regions implicated in music
processing, while Table 1 summarizes the preserved and
impaired aspects of musical function described across
dementia syndromes.

Viewed collectively, this work shows that music
draws upon canonical brain networks for memory, emo-
tion, and communication, whose differential vulnerability
in neurodegeneration offers a unique window into how
the brain orchestrates musical experience.

FUTURE DIRECTIONS

Interest is growing in the study of musicality in
neurodegenerative syndromes [77,85,113,114,136,149].
Several knowledge gaps remain, however. First, there is
relatively little standardization across studies both in the
musical stimuli and auditory perception batteries used.
Researchers frequently select musical excerpts based on
their age or presumed familiarity, while auditory-percep-
tion batteries assess many different aspects of musicality,
ranging from autobiographical memories to peripheral
auditory processing. The lack of standardization leads
both to significant methodological heterogeneity and
limitations in the generalizability of conclusions across
music studies. In order to understand a complex phenom-

enon like music perception, it needs to be studied system-
atically, including low-level auditory perception through
high-level musical semantics.

Second, most existing work relies on small cohorts,
typically of amnestic AD participants, while musicality
in other dementia syndromes remain comparatively un-
derstudied. Case reports and small-cohort studies sug-
gest that different syndromes may have heterogeneous
effects on music reading, performance, and memory
[2,77,91,92,102,104,113,114]. Larger and more diverse
cohorts, including those that are multi-site, may help
determine whether and how differences in musicality
are associated with specific dementia syndromes. Clar-
ifying how patterns of preserved and impaired musical
functions map onto different neurodegenerative diseases
could also inform the development of music-based inter-
ventions tailored to the strengths of patients with each
type of dementia.

Third, longitudinal studies will be essential in map-
ping how music perception shifts across stages of disease
progression. Including participants across the spectrum
from mild cognitive impairment to advanced disease
would clarify how musical abilities change over time
in each dementia syndrome. Similarly, longitudinal in-
tervention studies may capture the long-term efficacy of
music interventions on brain and behavioral outcomes.
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Table 1. Preserved and Impaired Musical Functions Across Dementia Syndromes

Dementia syndrome Preserved musical functions

Impaired musical functions

AD Familiar tune recognition

Procedural musical skills

Emotional engagement with music

IVPPA Pitch, rhythm, and timbre
discrimination

Low-level auditory perception

PCA Musical semantic memory

Rhythm repetition

Pitch and rhythm working memory

bvFTD Basic auditory perception

Sensory encoding

svPPA Recognition of familiar melodies

Singing when cued

Episodic memory for new music
Global pitch and melodic contour processing
Predictive closure

Auditory sequencing and global pitch integration
Emotional prosody recognition

Musical reading and visuospatial coordination
Musical episodic memory
Auditory-visual integration

Emotion discrimination, melody and tempo
recognition

Predictive and reward processing

Emotional blunting or hyperreactivity (musicophilia/
anhedonia)

Emotion recognition
Instrument/semantic categorization

Musical structure decoding (syntax,

rhythm)

nfvPPA Residual local auditory detection

Rhythm and timing processing
Pitch contour and interval discrimination
Prosody and auditory deviance detection

Rather than relying on a single post-intervention scan,
studies could, for instance, incorporate pre- and post-in-
tervention imaging, as well as follow-up assessments to
determine whether the observed changes in brain activity
persist over time.

Finally, much of the existing literature emphasizes
higher-order aspects of music perception such as emo-
tional salience or assess the impact of music on auto-
biographical recall. Comparatively fewer studies have
systematically characterized basic auditory-perceptual
abilities such as pitch, rhythm, or timbre perception,
across dementia syndromes. A clearer characterization
of lower-order auditory abilities will better encapsulate
the full spectrum of preserved or impaired musicality
in dementia and guide interventions that translate into
meaningful improvements in patients’ daily lives.

Moving forward, advances in methodological stan-
dardization, larger and more diverse cohorts, longitudinal
designs, and investigations that assess multiple domains
of musicality will be critical for developing empirically
grounded frameworks that determine how different com-
ponents of musicality are preserved or disrupted across
neurodegenerative syndromes. Multimodal approaches
that combine behavioral paradigms with neuroimaging
may help clarify how autobiographical, salience, audi-
tory-motor, and reward systems interact during music
listening. This work could inform future music interven-
tions that leverage preserved neural systems to support
emotional and cognitive health in individuals living with
different types of dementia.

CONCLUSION

We highlight both the therapeutic potential of music
and its value as a natural model for understanding the
brain’s reliance on distributed neural networks to support
complex cognitive and affective functions.

Music perception and enjoyment emerge from the
dynamic integration of multiple large-scale systems, en-
compassing perceptual, emotional, mnemonic, and exec-
utive processes. Studying music perception and cognition
in the context of neurodegeneration sheds light on the or-
ganization and resilience of the human brain. The relative
resilience of musical abilities is better understood when
musicality is modeled not as a single “musical network,”
but as a hierarchically organized process supported by
multiple large-scale intrinsic connectivity systems span-
ning auditory, motor, limbic, and default mode regions.

While some aspects of music perception may be
impaired in each syndrome, musicality as a gestalt often
remains relatively resilient because it relies on widely
distributed brain systems, including lower-level percep-
tual systems and higher-order associative networks that
synergistically support prediction, emotion, and memory;
this view is consistent with the idea that music perception
is a core component of audition in humans [150]. Neuro-
degenerative syndromes selectively affect distinct large-
scale brain networks [108]. As such, syndrome-specific
patterns of preserved and impaired auditory-perception
abilities may offer a window into how the brain coor-
dinates specialized yet interacting circuits that support
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musicality.

Recent research has begun to reveal how selective
patterns of degeneration and network dysfunction in spe-
cific dementia phenotypes affect different aspects of mu-
sical processing. In AD, relatively preserved salience and
reward systems might sustain emotional responsiveness
to familiar music and facilitate autobiographical recall,
even as the default mode network and episodic memory
decline, contributing to deficits in musical episodic mem-
ory and predictive and integrative processing. In svPPA,
anterior temporal degeneration disrupts processing of the
emotional and conceptual meaning of music while spar-
ing lower-level auditory processing, whereas salience
network dysfunction in behavioral variant FTD may
underlie altered emotional responses to music, including
musicophilia or musical anhedonia.

From a wider perspective, mapping musical abil-
ities onto canonical intrinsic connectivity networks in
the context of neurodegeneration offers a framework for
advancing a circuit-based model of music perception
in the human brain. Such an approach may help to op-
timize future therapeutic applications of music, moving
beyond generalized approaches toward a more nuanced
characterization of how different dementia syndromes
produce distinct profiles of preserved and impaired mu-
sical functions. Ultimately, a systematic understanding
of syndrome-specific patterns of musical processing will
advance theoretical models in the cognitive science of
music while enabling the development of individualized,
mechanism-informed music-based therapies tailored to
each patient’s residual neural architecture.

Acknowledgments: | am grateful to Dr. Carolyn Fred-
ericks for her mentorship and continued support, and
to Jordan Galbraith, whose encouragement and belief
in this project made it possible. | also thank Dr. Sam-
uel Mehr and Dr. Giulia Lorenzon for their invaluable
input and collaboration. And to my lovely cat, Pumpkin,
for keeping me company through all the late nights of
writing.

Author Funding: R0O1AG089467 to SM, GL, CF;
T32NS131190 to JG.

REFERENCES

1. Slattery CF, Agustus JL, Paterson RW, McCallion O, Foul-
kes AJ, Macpherson K, et al. The functional neuroanatomy
of musical memory in Alzheimer’s disease. Cortex. 2019
Jun;115:357-70.

2. Golden HL, Clark CN, Nicholas JM, Cohen MH, Slattery
CF, Paterson RW, et al. Music perception in dementia. J
Alzheimers Dis. 2017;55(3):933-49.

3. Vanstone AD, Sikka R, Tangness L, Sham R, Garcia A, Cud-
dy LL. Episodic and semantic memory for melodies in Alz-
heimer’s disease. Music Percept. 2012 Jun;29(5):501-7.

4. Cuddy LL, Sikka R, Vanstone A. Preservation of musical

Moret et al.: Musicality is preserved in neurodegeneration

memory and engagement in healthy aging and Alzheimer’s
disease. Ann N 'Y Acad Sci. 2015 Mar;1337(1):223-31.

5. Jacobsen JH, Stelzer J, Fritz TH, Chételat G, La Joie R,
Turner R. Why musical memory can be preserved in
advanced Alzheimer’s disease. Brain. 2015 Aug;138(Pt
8):2438-50.

6. Clark CN, Downey LE, Warren JD. Brain disorders and the
biological role of music. Soc Cogn Affect Neurosci. 2015
Mar;10(3):444-52.

7. Benedetto S. Tony Bennett: Keep the music playing [In-
ternet]. Alzheimer’s Association. 2021. Available from:
https://www.alz.org/blog/alz/november-2021/tony-bennett-
keep-the-music-playing

8. Baird A, Brancatisano O, Gelding R, Thompson WF.
Characterization of music and photograph evoked autobi-
ographical memories in people with Alzheimer’s disease. J
Alzheimers Dis. 2018;66(2):693—706.

9. 2025 Alzheimer’s disease facts and figures. Alzheimers
Dement [Internet]. 2025 Apr;21(4). Available from: https://
doi.org/10.1002/alz.70235.

10. Mehr SA, Singh M, Knox D, Ketter DM, Pickens-Jones
D, Atwood S, et al. Universality and diversity in human
song. Science. 2019 Nov;366(6468):eaax0868. https://doi.
org/10.1126/science.aax0868.

11. Cheever T, Taylor A, Finkelstein R, Edwards E, Thom-
as L, Bradt J, et al. NIH/Kennedy Center workshop on
music and the brain: finding Harmony. Neuron. 2018
Mar;97(6):1214-8.

12. Garrido S, Oliver E, Pendergast L, Short A. Online music
listening programs for older adults with dementia during
the COVID-19 Pandemic: A feasibility study. Arts Psycho-
ther. 2024 Feb;87(102097):102097.

13. Hanser SB, Butterfield-Whitcomb J, Kawata M, Collins
BE. Home-based music strategies with individuals who
have dementia and their family caregivers. ] Music Ther.
2011;48(1):2-27.

14. Lyu J, Zhang J, Mu H, Li W, Champ M, Xiong Q, et al.
The effects of music therapy on cognition, psychiatric
symptoms, and activities of daily living in patients with
Alzheimer’s disease. J Alzheimers Dis. 2018;64(4):1347—
58.

15. McDermott O, Crellin N, Ridder HM, Orrell M. Music
therapy in dementia: a narrative synthesis systematic re-
view. Int J Geriatr Psychiatry. 2013 Aug;28(8):781-94.

16. Chang YS, Chu H, Yang CY, Tsai JC, Chung MH, Liao
YM, et al. The efficacy of music therapy for people with
dementia: A meta-analysis of randomised controlled trials.
J Clin Nurs. 2015 Dec;24(23-24):3425-40.

17. Janata P. The neural architecture of music-evoked
autobiographical memories. Cereb Cortex. 2009
Nov;19(11):2579-94.

18. Menon V, Levitin DJ. The rewards of music listening:
response and physiological connectivity of the mesolimbic
system. Neuroimage. 2005 Oct;28(1):175-84.

19. Salimpoor VN, van den Bosch I, Kovacevic N, McIntosh
AR, Dagher A, Zatorre RJ. Interactions between the nucle-
us accumbens and auditory cortices predict music reward
value. Science. 2013 Apr;340(6129):216-9.

20. Hennessy S, Janata P, Ginsberg T, Kaplan J, Habibi A.
Music-evoked nostalgia activates default mode and reward



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Moret et al.: Musicality is preserved in neurodegeneration

networks across the lifespan. Hum Brain Mapp. 2025
Mar;46(4):e70181.

Benhamou E. Predictive cognition in dementia: the case of
music [Doctoral Dissertation]. [London, England]: Univer-
sity College London; 2021.

Cuddy LL, Sikka R, Silveira K, Bai S, Vanstone A.
Music-evoked autobiographical memories (MEAMs) in
Alzheimer disease: evidence for a positivity effect. Cogent
Psychol. 2017 Dec;4(1):1277578.

Sperling RA, Laviolette PS, O’Keefe K, O’Brien J, Rentz
DM, Pihlajamaki M, et al. Amyloid deposition is associat-
ed with impaired default network function in older persons
without dementia. Neuron. 2009 Jul;63(2):178-88.
Schultz AP, Chhatwal JP, Hedden T, Mormino EC, Han-
seeuw BJ, Sepulcre J, et al. Phases of hyperconnectivity
and hypoconnectivity in the default mode and salience
networks track with amyloid and Tau in clinically normal
individuals. J Neurosci. 2017 Apr;37(16):4323-31.

Seeley WW, Menon V, Schatzberg AF, Keller J, Glover
GH, Kenna H, et al. Dissociable intrinsic connectivity
networks for salience processing and executive control. J
Neurosci. 2007 Feb;27(9):2349-56.

Stewart L, von Kriegstein K, Warren JD, Griffiths TD.
Music and the brain: disorders of musical listening. Brain.
2006 Oct;129(Pt 10):2533-53.

Quinci MA, Belden A, Goutama V, Gong D, Hanser S,
Donovan NJ, et al. Longitudinal changes in auditory and
reward systems following receptive music-based interven-
tion in older adults. Sci Rep. 2022 Jul;12(1):11517.

Ren Y, Brown TI. Beyond the ears: A review exploring the
interconnected brain behind the hierarchical memory of
music. Psychon Bull Rev. 2024 Apr;31(2):507-30.
HuQ,LiY, WuY, Lin X, Zhao X. Brain network hierar-
chy reorganization in Alzheimer’s disease: A resting-state
functional magnetic resonance imaging study. Hum Brain
Mapp. 2022 Aug;43(11):3498-507.

Ma WY, Yao Q, Hu GJ, Ge HL, Xue C, Wang YY, et al.
Reorganization of rich clubs in functional brain networks
of dementia with Lewy bodies and Alzheimer’s disease.
Neuroimage Clin. 2022;33(102930):102930.

La Rocca B. Functional Reorganization in Alzheimer’s
Disease: A Network Perspective [Master’s thesis]. [Padua,
Italy]: University of Padua; 2024.

Faber S, Belden A, Loui P, McIntosh AR. Network con-
nectivity differences in music listening among older adults
following a music-based intervention. Aging Brain. 2024
Oct;6(100128):100128.

Ridder HM, Stige B, Qvale LG, Gold C. Individual music
therapy for agitation in dementia: an exploratory random-
ized controlled trial. Aging Ment Health. 2013;17(6):667—
78.

Suzuki M, Kanamori M, Watanabe M, Nagasawa S,
Kojima E, Ooshiro H, et al. Behavioral and endocrinolog-
ical evaluation of music therapy for elderly patients with
dementia. Nurs Health Sci. 2004 Mar;6(1):11-8.
Takahashi T, Matsushita H. Long-term effects of music
therapy on elderly with moderate/severe dementia. ] Music
Ther. 2006;43(4):317-33.

Raglio A, Bellandi D, Baiardi P, Gianotti M, Ubezio MC,
Zanacchi E, et al. Effect of active music therapy and

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

253

individualized listening to music on dementia: A multi-
center randomized controlled trial. J Am Geriatr Soc. 2015
Aug;63(8):1534-9.

King JB, Jones KG, Goldberg E, Rollins M, MacNamee K,
Moffit C, et al. Increased functional connectivity after lis-
tening to favored music in adults with Alzheimer dementia.
J Prev Alzheimers Dis. 2019;6(1):56-62.

Ratovohery S, Baudouin A, Palisson J, Maillet D, Bailon
O, Belin C, et al. Music as a mnemonic strategy to mitigate
verbal episodic memory in Alzheimer’s disease: does
musical valence matter? J Clin Exp Neuropsychol. 2019
Dec;41(10):1060-73.

Cuddy LL, Duffin J. Music, memory, and Alzheimer’s dis-
ease: is music recognition spared in dementia, and how can
it be assessed? Med Hypotheses. 2005;64(2):229-35.
Barradas GT, Juslin PN, i Badia SB. i Badia SB. Emotional
reactions to music in dementia patients and healthy con-
trols: differential responding depends on the mechanism.
Music Sci (Lond). 2021 Jan;4:205920432110101.

Peretz I, Zatorre RJ. Brain organization for music process-
ing. Annu Rev Psychol. 2005;56(1):89-114.

Wu J, Zhang J, Ding X, Li R, Zhou C. The effects of music
on brain functional networks: a network analysis. Neuro-
science. 2013 Oct;250:49-59.

Alluri V, Toiviainen P, Burunat I, Kliuchko M, Vuust P,
Brattico E. Connectivity patterns during music listening:
evidence for action-based processing in musicians. Hum
Brain Mapp. 2017 Jun;38(6):2955-70.

Janata P. Brain networks that track musical structure. Ann
NY Acad Sci. 2005 Dec;1060(1):111-24.

Reybrouck M, Vuust P, Brattico E. Brain connectivity
networks and the aesthetic experience of music [Internet].
Brain Sci. 2018 Jun;8(6):107.

Vuust P, Heggli OA, Friston KJ, Kringelbach ML. Music in
the brain. Nat Rev Neurosci. 2022 May;23(5):287-305.
Taruffi L, Pehrs C, Skouras S, Koelsch S. Effects of sad
and happy music on mind-wandering and the Default
Mode Network. Sci Rep. 2017 Oct;7(1):14396.

Luo C, Tu S, Peng Y, Gao S, LiJ, Dong L, et al. Long-
term effects of musical training and functional plasticity in
salience system. Neural Plast. 2014;2014:180138.

Zatorre RJ, Chen JL, Penhune VB. When the brain plays
music: auditory-motor interactions in music perception and
production. Nat Rev Neurosci. 2007 Jul;8(7):547-58.

Luo C, Guo ZW, Lai YX, Liao W, Liu Q, Kendrick KM, et
al. Musical training induces functional plasticity in percep-
tual and motor networks: insights from resting-state FMRI.
PLoS One. 2012;7(5):e36568.

Blood AJ, Zatorre RJ. Intensely pleasurable responses to
music correlate with activity in brain regions implicated

in reward and emotion. Proc Natl Acad Sci USA. 2001
Sep;98(20):11818-23.

Wilkins RW, Hodges DA, Laurienti PJ, Steen M, Burdette
JH. Network science and the effects of music preference on
functional brain connectivity: from Beethoven to Eminem.
Sci Rep. 2014 Aug;4(1):6130.

. Rasmussen KW, Berntsen D. Remembering a life: an ex-

amination of open-ended life stories and the reminiscence
bump in patients with Alzheimer’s disease. Memory. 2023
Apr;31(4):457-73.



254

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Belfi AM, Jakubowski K. Music and autobiographical
memory. Music Sci (Lond). 2021 Jan;4:205920432110471.
Janata P, Tomic ST, Rakowski SK. Characterization of
music-evoked autobiographical memories. Memory. 2007
Nov;15(8):845-60.

Jakubowski K, Ghosh A. Music-evoked autobiograph-

ical memories in everyday life. Psychol Music. 2021
May;49(3):649-66.

Nawaz S, Omigie D. Qualities of music-evoked au-
tobiographical memories are associated with auditory
features of the memory-evoking music. PLoS One. 2025
Aug;20(8):¢0329072.

El Haj M, Postal V, Allain P. Music enhances autobi-
ographical memory in mild Alzheimer’s disease. Educ
Gerontol. 2012 Jan;38(1):30-41.

Lesiuk T, Ripani G. The cognitive and emotional content
of music-evoked autobiographical memories in older
adults [Internet]. Psychol Music. 2025 Jan;eee: https://doi.
org/10.1177/03057356241292067.

Irish M, Cunningham CJ, Walsh JB, Coakley D, Lawlor
BA, Robertson IH, et al. Investigating the enhancing effect
of music on autobiographical memory in mild Alzheimer’s
disease. Dement Geriatr Cogn Disord. 2006;22(1):108-20.
Samson S, Dellacherie D, Platel H. Emotional power of
music in patients with memory disorders: clinical implica-
tions of cognitive neuroscience. Ann N'Y Acad Sci. 2009
Jul;1169(1):245-55.

Gagnon L, Peretz [, Fiilop T. Musical structural determi-
nants of emotional judgments in dementia of the Alzheimer
type. Neuropsychology. 2009 Jan;23(1):90-7.

Drapeau J, Gosselin N, Gagnon L, Peretz I, Lorrain D.
Emotional recognition from face, voice, and music in
dementia of the Alzheimer type. Ann N'Y Acad Sci. 2009
Jul;1169(1):342-5.

Ferreri L, Mas-Herrero E, Zatorre RJ, Ripollés P, Go-
mez-Andres A, Alicart H, et al. Dopamine modulates the
reward experiences elicited by music. Proc Natl Acad Sci
USA. 2019 Feb;116(9):3793-8.

Gold BP, Mas-Herrero E, Zeighami Y, Benovoy M, Dagher
A, Zatorre RJ. Musical reward prediction errors engage the
nucleus accumbens and motivate learning. Proc Natl Acad
Sci USA. 2019 Feb;116(8):3310-5.

Gold BP, Pearce MT, Mas-Herrero E, Dagher A, Zatorre
RIJ. Predictability and uncertainty in the pleasure of music:
A reward for learning? J Neurosci. 2019 Nov;39(47):9397—
4009.

Krumhansl CL. Rhythm and pitch in music cognition.
Psychol Bull. 2000 Jan;126(1):159-79.

Gaab N, Gaser C, Zachle T, Jancke L, Schlaug G.
Functional anatomy of pitch memory—an fMRI study
with sparse temporal sampling. Neuroimage. 2003
Aug;19(4):1417-26.

Sammler D, Koelsch S, Ball T, Brandt A, Elger CE, Frie-
derici AD, et al. Overlap of musical and linguistic syntax
processing: intracranial ERP evidence. Ann N 'Y Acad Sci.
2009 Jul;1169(1):494-8.

Garza Villarreal EA, Brattico E, Leino S, Ostergaard

L, Vuust P. Distinct neural responses to chord viola-

tions: a multiple source analysis study. Brain Res. 2011
May;1389:103-14.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Moret et al.: Musicality is preserved in neurodegeneration

Vuong V, Hewan P, Perron M, Thaut MH, Alain C. The
neural bases of familiar music listening in healthy indi-
viduals: an activation likelihood estimation meta-analysis.
Neurosci Biobehav Rev. 2023 Nov;154(105423):105423.
Grahn JA, Brett M. Rhythm and beat perception in motor
areas of the brain. J Cogn Neurosci. 2007 May;19(5):893—
906.

Kasdan AV, Burgess AN, Pizzagalli F, Scartozzi A, Chern
A, Kotz SA, et al. Identifying a brain network for mu-
sical rhythm: A functional neuroimaging meta-analysis
and systematic review. Neurosci Biobehav Rev. 2022
May;136(104588):104588.

Brattico E, Bogert B, Alluri V, Tervaniemi M, Eerola T,
Jacobsen T. It’s sad but I like it: the neural dissociation
between musical emotions and liking in experts and layper-
sons [Internet]. Front Hum Neurosci. 2016 Jan;9:676.
Mehta RI, Schneider JA. What is ‘Alzheimer’s disease’?
The neuropathological heterogeneity of clinically de-
fined Alzheimer’s dementia. Curr Opin Neurol. 2021
Apr;34(2):237-45.

Vanstone AD, Cuddy LL. Musical memory in Alzheimer
disease. Neuropsychol Dev Cogn B Aging Neuropsychol
Cogn. 2010 Jan;17(1):108-28.

Ficek-Tani B, Tun S, Frolov A, Sharp E, Fredericks CA.

A professional musician with progressive visuospatial
concerns: a case study and review of musical alexia. Neu-
rocase. 2024 Dec;30(6):214-25.

Greicius MD, Srivastava G, Reiss AL, Menon V. De-
fault-mode network activity distinguishes Alzheimer’s
disease from healthy aging: evidence from functional MRI.
Proc Natl Acad Sci USA. 2004 Mar;101(13):4637—42.
Buckner RL, Snyder AZ, Shannon BJ, LaRossa G, Sachs
R, Fotenos AF, et al. Molecular, structural, and functional
characterization of Alzheimer’s disease: evidence for a re-
lationship between default activity, amyloid, and memory.
J Neurosci. 2005 Aug;25(34):7709-17.

Baird A, Samson S. Music and dementia. Prog Brain Res.
2015;217:207-35.

Groussard M, Mauger C, Platel H. [Musical long-term
memory throughout the progression of Alzheimer disease].
Gériatr Psychol Neuropsychiatr Vieil. 2013 Mar;11(1):99—
109.

Omar R, Hailstone JC, Warren JE, Crutch SJ, Warren JD.
The cognitive organization of music knowledge: a clinical
analysis. Brain. 2010 Apr;133(Pt 4):1200-13.

Warren JD, Fletcher PD, Golden HL. The paradox of
syndromic diversity in Alzheimer disease. Nat Rev Neurol.
2012 Aug;8(8):451-64.

Wang D, Belden A, Hanser SB, Geddes MR, Loui P. Rest-
ing-state connectivity of auditory and reward systems in
Alzheimer’s disease and mild cognitive impairment. Front
Hum Neurosci. 2020 Jul;14(280):280.

Lyu J, Zhang W, De J, Shan B, Mao G, Jiang W, et al. The
impact of music-based intervention on cognitive function
and brain functional magnetic resonance imaging in people
with mild Alzheimer’s disease. J Alzheimers Dis. 2025
Nov;108(2):779-89.

Fischer CE, Churchill N, Leggieri M, Vuong V, Tau M,
Fornazzari LR, et al. Long-known music exposure effects
on brain imaging and cognition in early-stage cognitive de-



Moret et al.: Musicality is preserved in neurodegeneration

cline: A pilot study. J Alzheimers Dis. 2021;84(2):819-33.

87. El Haj M, Fasotti L, Allain P. The involuntary nature of
music-evoked autobiographical memories in Alzheimer’s
disease. Conscious Cogn. 2012 Mar;21(1):238-46.

88. Foster NA, Valentine ER. The effect of auditory stimula-
tion on autobiographical recall in dementia. Exp Aging
Res. 2001;27(3):215-28.

89. El Haj M, Antoine P, Nandrino JL, Gély-Nargeot MC, Raf-
fard S, Brodaty H. Self-defining memories during exposure
to music in Alzheimer’s disease. Int Psychogeriatr. 2015
Oct;27(10):1719-30.

90. Meilan Garcia JJ, Iodice R, Carro J, Sanchez JA, Palmero
F, Mateos AM. Improvement of autobiographic memory
recovery by means of sad music in Alzheimer’s Disease
type dementia. Aging Clin Exp Res. 2012 Jun;24(3):227—
32.

91. Clark CN, Golden HL, McCallion O, Nicholas JM, Cohen
MH, Slattery CF, et al. Music models aberrant rule decod-
ing and reward valuation in dementia. Soc Cogn Affect
Neurosci. 2018 Feb;13(2):192-202.

92. Clark C, Golden H, McCallion O, Nicholas J, Cohen M,
Mummery C, Schott J, Warren J. Expectation and reward
in dementia: The case of music. J Neurol Neurosurg Psy-
chiatry. 2016 Dec;87(12):e1.193-¢1.

93. Gorno-Tempini ML, Hillis AE, Weintraub S, Kertesz A,
Mendez M, Cappa SF, et al. Classification of primary
progressive aphasia and its variants. Neurology. 2011
Mar;76(11):1006—14.

94. Rabinovici GD, Jagust WJ, Furst AJ, Ogar JM, Racine CA,
Mormino EC, et al. Abeta amyloid and glucose metabo-
lism in three variants of primary progressive aphasia. Ann
Neurol. 2008 Oct;64(4):388—401.

95. Grube M, Bruffaerts R, Schaeverbeke J, Neyens V, De
Weer AS, Seghers A, et al. Core auditory processing defi-
cits in primary progressive aphasia. Brain. 2016 Jun;139(Pt
6):1817-29.

96. Rohrer JD, Sauter D, Scott S, Rossor MN, Warren JD. Re-
ceptive prosody in nonfluent primary progressive aphasias.
Cortex. 2012 Mar;48(3):308-16.

97. Jiang J, Johnson JC, Requena-Komuro MC, Benhamou E,
Sivasathiaseelan H, Chokesuwattanaskul A, et al. Com-
prehension of acoustically degraded emotional prosody in
Alzheimer’s disease and primary progressive aphasia. Sci
Rep. 2024 Dec;14(1):31332.

98. Crutch SJ, Lehmann M, Schott JM, Rabinovici GD, Rossor
MN, Fox NC. Posterior cortical atrophy. Lancet Neurol.
2012 Feb;11(2):170-8.

99. Benson DF, Davis RJ, Snyder BD. Posterior cortical atro-
phy. Arch Neurol. 1988 Jul;45(7):789-93.

100. Shakespeare TJ, Yong KX, Frost C, Kim LG, Warrington
EK, Crutch SJ. Scene perception in posterior cortical atro-
phy: categorization, description and fixation patterns. Front
Hum Neurosci. 2013 Oct;7:621.

101. Hardy CJ, Yong KX, Goll JC, Crutch SJ, Warren JD.
Impairments of auditory scene analysis in posterior cortical
atrophy. Brain. 2020 Sep;143(9):2689-95.

102. Polk M, Kertesz A. Music and language in degenerative
disease of the brain. Brain Cogn. 1993 May;22(1):98-117.

103. Beversdorf DQ, Heilman KM. Progressive ventral pos-
terior cortical degeneration presenting as alexia for music

255

and words. Neurology. 1998 Mar;50(3):657-9.

104. Jiang J, Brotherhood EV, Core LB, Hardy CJ, Yong KX,
Foulkes A, et al. Preserved musical working memory and
absolute pitch in posterior cortical atrophy. Cortex. 2024
Dec;181:1-11.

105. Yener GG, Rosen HJ, Papatriantafyllou J. Frontotem-
poral degeneration. Continuum (Minneap Minn). 2010
Apr;16(2 Dementia):191-211. https://doi.org/10.1212/01.
CON.0000368219.94458.6¢.

106. Woollacott 10, Rohrer JD. The clinical spectrum of
sporadic and familial forms of frontotemporal dementia. J
Neurochem. 2016 Aug;138(S1 Suppl 1):6-31.

107. Rascovsky K, Hodges JR, Knopman D, Mendez MF,
Kramer JH, Neuhaus J, et al. Sensitivity of revised diag-
nostic criteria for the behavioural variant of frontotemporal
dementia. Brain. 2011 Sep;134(Pt 9):2456-77.

108. Seeley WW, Crawford RK, Zhou J, Miller BL, Greicius
MD. Neurodegenerative diseases target large-scale human
brain networks. Neuron. 2009 Apr;62(1):42-52.

109. Mas-Herrero E, Zatorre RJ, Marco-Pallarés J. Under-
standing individual differences to specific rewards through
music. Trends Cogn Sci. 2026 Feb;30(2):175-86.

110. Geroldi C, Metitieri T, Binetti G, Zanetti O, Trabucchi
M, Frisoni GB. Pop music and frontotemporal dementia.
Neurology. 2000 Dec;55(12):1935-6.

111. Boeve BF, Geda YE. Polka music and semantic dementia.
Neurology. 2001 Oct;57(8):1485.

112. Fletcher PD, Downey LE, Witoonpanich P, Warren JD.
The brain basis of musicophilia: evidence from frontotem-
poral lobar degeneration. Front Psychol. 2013 Jun;4:347.

113. van ’t Hooft JJ, Fieldhouse JL, Singleton EH, Jaschke
AC, Warren JD, Tijms BM, et al. Music appreciation
phenotypes in patients with frontotemporal dementia:

A pilot study [Internet]. Int J Geriatr Psychiatry. 2022
Sep;37(9):gps.5793.

114. van ’t Hooft JJ, Hartog WL, Braun M, Boessen D, Field-
house JL, van Engelen ME, et al. Musicality and social
cognition in dementia: clinical and anatomical associa-
tions. Brain Commun. 2024 Dec;6(6):fcae429. https://doi.
org/10.1093/braincomms/fcae429.

115. Omar R, Henley SM, Bartlett JW, Hailstone JC, Gordon
E, Sauter DA, et al. The structural neuroanatomy of music
emotion recognition: evidence from frontotemporal lobar
degeneration. Neuroimage. 2011 Jun;56(3):1814-21.

116. Kim EJ, Sidhu M, Gaus SE, Huang EJ, Hof PR, Miller
BL, et al. Selective frontoinsular von Economo neuron and
fork cell loss in early behavioral variant frontotemporal
dementia. Cereb Cortex. 2012 Feb;22(2):251-9.

117. Santillo AF, Nilsson C, Englund E. von Economo neu-
rones are selectively targeted in frontotemporal dementia.
Neuropathol Appl Neurobiol. 2013 Aug;39(5):572-9.

118. Allman JM, Tetreault NA, Hakeem AY, Manaye KF, Se-
mendeferi K, Erwin JM, et al. The von Economo neurons
in the frontoinsular and anterior cingulate cortex. Ann N'Y
Acad Sci. 2011 Apr;1225(1):59-71.

119. Brambati SM, Renda NC, Rankin KP, Rosen HJ, Seeley
WW, Ashburner J, et al. A tensor based morphometry study
of longitudinal gray matter contraction in FTD. Neuroim-
age. 2007 Apr;35(3):998-1003.

120. Seeley WW, Crawford R, Rascovsky K, Kramer JH,



256

Weiner M, Miller BL, et al. Frontal paralimbic network
atrophy in very mild behavioral variant frontotemporal
dementia. Arch Neurol. 2008 Feb;65(2):249-55.

121. Zhou J, Greicius MD, Gennatas ED, Growdon ME, Jang
JY, Rabinovici GD, et al. Divergent network connectivity
changes in behavioural variant frontotemporal demen-
tia and Alzheimer’s disease. Brain. 2010 May;133(Pt
5):1352-67.

122. Farb NA, Grady CL, Strother S, Tang-Wai DF, Masel-
lis M, Black S, et al. Abnormal network connectivity in
frontotemporal dementia: evidence for prefrontal isolation.
Cortex. 2013;49(7):1856-73.

123. Filippi M, Agosta F, Scola E, Canu E, Magnani G,
Marcone A, et al. Functional network connectivity in the
behavioral variant of frontotemporal dementia. Cortex.
2013 Oct;49(9):2389-401.

124. Agustus JL, Mahoney CJ, Downey LE, Omar R, Cohen
M, White MJ, et al. Functional MRI of music emotion
processing in frontotemporal dementia. Ann N Y Acad Sci.
2015 Mar;1337(1):232-40.

125. Benhamou E, Zhao S, Sivasathiaseelan H, Johnson JC,
Requena-Komuro MC, Bond RL, et al. Decoding expecta-
tion and surprise in dementia: the paradigm of music. Brain
Commun. 2021 Aug;3(3):fcab173. https://doi.org/10.1093/
braincomms/fcab173.

126. Lindquist KA. Emotions emerge from more basic psycho-
logical ingredients: A modern psychological constructionist
model. Emot Rev. 2013 Oct;5(4):356-68.

127. Platel H, Baron JC, Desgranges B, Bernard F, Eustache
F. Semantic and episodic memory of music are sub-
served by distinct neural networks. Neuroimage. 2003
Sep;20(1):244-56.

128. Rogalsky C, Rong F, Saberi K, Hickok G. Functional
anatomy of language and music perception: temporal and
structural factors investigated using functional magnetic
resonance imaging. J Neurosci. 2011 Mar;31(10):3843-52.

129. Merrill J, Sammler D, Bangert M, Goldhahn D, Lohmann
G, Turner R, et al. Perception of words and pitch patterns
in song and speech. Front Psychol. 2012 Mar;3:76.

130. Sammler D, Koelsch S, Friederici AD. Are left fron-
to-temporal brain areas a prerequisite for normal mu-
sic-syntactic processing? Cortex. 2011 Jun;47(6):659-73.

131. Jackson RL, Hoffman P, Pobric G, Lambon Ralph MA.
The semantic network at work and rest: differential con-
nectivity of anterior temporal lobe subregions. J Neurosci.
2016 Feb;36(5):1490-501.

132. D’Anna L, Mesulam MM, Thiebaut de Schotten M,
Dell’Acqua F, Murphy D, Wieneke C, et al. Frontotempo-
ral networks and behavioral symptoms in primary progres-
sive aphasia. Neurology. 2016 Apr;86(15):1393-9.

133. Papinutto N, Galantucci S, Mandelli ML, Gesierich
B, Jovicich J, Caverzasi E, et al. Structural connectivity
of the human anterior temporal lobe: A diffusion mag-
netic resonance imaging study. Hum Brain Mapp. 2016
Jun;37(6):2210-22.

134. Catani M, Mesulam M. The arcuate fasciculus and the
disconnection theme in language and aphasia: history and
current state. Cortex. 2008 Sep;44(8):953-61.

135. Patterson K, Nestor PJ, Rogers TT. Where do you
know what you know? The representation of semantic

Moret et al.: Musicality is preserved in neurodegeneration

knowledge in the human brain. Nat Rev Neurosci. 2007
Dec;8(12):976-87.

136. Macoir J, Tremblay MP, Wilson MA, Laforce R, Hudon
C. The importance of being familiar: the role of seman-
tic knowledge in the activation of emotions and factual
knowledge from music in the semantic variant of primary
progressive aphasia. J Alzheimers Dis. 2022;85(1):115-28.

137. Hailstone JC, Omar R, Warren JD. Relatively preserved
knowledge of music in semantic dementia. J Neurol Neu-
rosurg Psychiatry. 2009 Jul;80(7):808-9.

138. Hsieh S, Hornberger M, Piguet O, Hodges JR. Neural
basis of music knowledge: evidence from the dementias.
Brain. 2011 Sep;134(Pt 9):2523-34.

139. Whitwell JL, Josephs KA. Recent advances in the im-
aging of frontotemporal dementia. Curr Neurol Neurosci
Rep. 2012 Dec;12(6):715-23.

140. Diehl-Schmid J, Onur OA, Kuhn J, Gruppe T, Drzezga A.
Imaging frontotemporal lobar degeneration. Curr Neurol
Neurosci Rep. 2014 Oct;14(10):489.

141. Kumfor F, Landin-Romero R, Devenney E, Hutchings R,
Grasso R, Hodges JR, et al. On the right side? A longitudi-
nal study of left- versus right-lateralized semantic demen-
tia. Brain. 2016 Mar;139(Pt 3):986-98.

142. Guo CC, Gorno-Tempini ML, Gesierich B, Henry M,
Trujillo A, Shany-Ur T, et al. Anterior temporal lobe de-
generation produces widespread network-driven dysfunc-
tion. Brain. 2013 Oct;136(Pt 10):2979-91.

143. Hua AY, Roy AR, Kosik EL, Morris NA, Chow TE,
Lukic S, et al. Diminished baseline autonomic outflow in
semantic dementia relates to left-lateralized insula atrophy.
Neuroimage Clin. 2023;40(103522):103522.

144. Gentileschi V, Sperber S, Spinnler H. C rossmodal
agnosia for familiar people as a consequence of right
infero polar temporal atrophy. Cogn Neuropsychol. 2001
Jul;18(5):439-63.

145. Zatorre RJ. Intact absolute pitch ability after left temporal
lobectomy. Cortex. 1989 Dec;25(4):567-80.

146. Macoir J, Berubé-Lalancette S, Wilson MA, Laforce R,
Hudon C, Gravel P, et al. When the Wedding March be-
comes sad: semantic memory impairment for music in the
semantic variant of primary progressive aphasia. Neuro-
case. 2016 Dec;22(6):486-95.

147. Rohrer JD, Warren JD, Modat M, Ridgway GR, Douiri
A, Rossor MN, et al. Patterns of cortical thinning in the
language variants of frontotemporal lobar degeneration.
Neurology. 2009 May;72(18):1562-9.

148. Hardy CJ, Frost C, Sivasathiaseelan H, Johnson JC,
Agustus JL, Bond RL, et al. Findings of impaired hearing
in patients with nonfluent/agrammatic variant primary pro-
gressive aphasia. JAMA Neurol. 2019 May;76(5):607-11.

149. Speranza L, Pulcrano S, Perrone-Capano C, di Porzio U,
Volpicelli F. Music affects functional brain connectivity
and is effective in the treatment of neurological disorders.
Rev Neurosci. 2022 Mar;33(7):789-801.

150. Mehr SA. Core systems of music perception. Trends
Cogn Sci. 2025 Aug;29(8):763-77.



