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Prenatal Music Exposure Induces Long-Term Neural
Effects

Eino Partanen’, Telia Kujala™, Mad Tervansem| ™, Minna Huotisinen '~
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MEDICAL HUMANITIES
Harvey B. Simon, MD, Section Editor
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Music as Medicine

Harvey B. Simon, MD*"*
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“Department of Medicine, Harvard Medical School, Boston, Mass; "Health Sciences Technology Faculty, Massachusetts Institute of

Technology, Cambridge; “Massachusetts General Hospital, Boston.

Music is a fundamental attribute of the human species.
Virtually all cultures, from the most primitive to the most
advanced, make music. It’s been true through history, and
it’s true throughout an individual’s lifespan. In tune or not,
we humans sing and hum; in time or not, we clap and sway;
in step or not, we dance and bounce.

The human brain 1s hardwired to distinguish music from
noise and to respond to rhythm and repetition, tones, and
tunes. The auditory nerve transmits the electrical signals of
music and other sounds to the auditory cortex n the tem-
poral lobe. Studies using magnetic resonance imaging and
positron emission tomography scans suggest that nerve

composed of doctors and medical students perform regularly
in Boston, Los Angeles, Philadelphia, and Houston.* Many
surgeons play music in their operating rooms to enhance
concentration and focus, and many practitioners rely on
music for relaxation, stimulation, and pleasure.

Music is important for many physicians—but can doctors
use music to promote the health and well-being of their
patients? A variety of studies suggest the answer may be
yes. Some are blinded, randomized trials, but most are
relatively small and brief. Still, they present an interesting
group of observations.
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Evidence-Based Pyramid

Randomized
/\ 4= Controlled Double
/ \ Blind Studies

Randomized —

Controlled Studies Typically prospective

, == observational studies,
: not randomized

Patients who already -
have a specific Case Control Studies

condition are compared Collection of reports,
with those who don’t no control group

Ideas, Opinions
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doi:10.1093/brain/awl234 Brain (2006), 129, 2528-2532

COMMENTARY

The power of music
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THE YEAR IN COGNITIVE NEUROSCIENCE 2009

Current Advances in the Cognitive
Neuroscience of Music

Daniel J. Levitin and Anna K. Tirovolas

McGill University, Montreal, QC Canada

Ann. N.Y. Acad. Sci. 1156: 211-231 (2009).
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Figure 1. Core brain regions associated with musical activity. Based on Tramo 2001 and updated in
: ' 2006 [from Levitin 2006).
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Somatosensory cortex Maotor cortex Thalamus

: 5 Precuneus
llab Premotorcortex
Inferior parietal lobe Cingulate gyrus

Angular gyrus
Parsolateral
prefrontal cortex Medial
prefronal
cortex
Planum temporale Hi us =
Ippocamp Drbitofrontal cortex

Inferior frontal gyrus
Striatum

Superior temporal gyrus

Ventral tegmental area Nucleus accumbens

Middle temporal gyrus Aotk

Auditory cortex Inferior colliculus

@ Basic auditory pathway: perceiving the basic acoustic features of music
@ Musical-syntactic network: percelving higher-order musical features
! @ Attention and working memory network: focusing and keeping track of music in time
@ Fpisodic memory network: recognising music and recalling associated memories
@ Motor network: playing, singing, and moving to the beat of music
@ Reward and emotion network: music-evoked emotions and experiencing pleasure and reward

Figure 2: Key brain areas associated with music processing | _ 4
Areas identified from neuroimaging studies of healthy people, Althaugh the figure displays the lateral and medial parts of the right hemisphere, many musi
processes are largely bilateral (with the exception of pitch and melody processing, which are lateralised, the activity in the right hemisphere being dominant}.

Adapted from Sarkamo and colleagues.™
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Figure 3: Possible neurobiological mechanisms for the rehabilitative effect of music
Orange circles and yellow arrows represent the mesolimbic system, and the green circles represent the HPA axis / I
ACTH=adrenocorticotropic harmane, CRH=corticotropin-releasing hormone,

HEPA axis=hypothalamic-pituitary-adrenal axis | *
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Cochrane Database of Systemalic Reviews 2017, Issue 5. Art, No.: CD003477.

(ﬁf Cochrane
s Library

Cochrane Database of Systematic Reviews

Music-based therapeutic interventions for people with

dementia (Review)

van der Steen JT, van Soest-Poortvliet MC, van der Wouden JC, Bruinsma MS, Scholten RJPM,
Vink AC

Sixteen studies with a total of 620 participants contributed data to meta-analyses.

Authors’ conclusions

Providing people with dementia with at least five sessions of a music-based therapeutic intervention probably reduces depressive
symptoms but has little or no effect on agitation or apgression. There may also be lirtle or no effect on emotional well-being or quality
of life, overall behavioural problems and cognition. We are uncertain abour effects on anxiety or social behaviour, and abour any long-
term effects. Furure studies should employ larger sample sizes, and include all important outcomes, in particular "positive’ outcomes
such as emotional well-being and social outcomes. Furure studies should also examine the duration of effects in relation to the overall
duration of treatment and the number of sessions.
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THE THERAPEUTIC PERSPECTIVES OF MUSIC
THERAPY IN THE DEMENTIAS.

With reference to the above illustrated concepts, we be-
lieve that n dementia — as in other pathologies characterized
by the mpairment of those commmunicative fonctions which
are most recent in human ontogenetic evolution - one may
hypothesize the possibility of re-activating and broadening
those archaic expressive and relational abilities which persist
along the whole life-span of each human being, as forms of
interpersonal experience, alternative to the verbal one. It is
within this context that we envisage the possibility of music
therapy building a communicative bridge for people with
dementia. Mnpsic therapy bemg a pre-verbal non-verbal
communication technique - subsisting without need either
for symbolic representations of reality, abstractive abilities
or cultore-bound leammg processes - we believe that rela-
tional and expressive modalities, archaic m origin and nature
and therefore more likely to be still present in persons with
cognitive impairment, can be activated by means of its po-
tenfial. Music therapy can promote the preservation of rec-
ognition of the external environment, of a sense of identity,
of personhood even, m individuals with dementia_
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journal homepage: www. elsevier.com/localaimalurilas

Beview

Music, music therapy and dementia: A review of literature and the
recommendations of the Italian Psychogeriatric Association

A, Raglio®®= G, Bellelli*4, P, Mazzola®, D. Bellandi®, AR. Giovagnoli®, E. Farina,
M. Stramba-Badiale®, 5. Gentile", MV, Gianelli', M.C. Ubezio®, 0. Zanetti', M. Trabucchi ™®
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ARTICLE I1MNFD ARBRSTRACT
Articie sty This stusliy peviewis Lhse mmost recesl (oo 2000 1o 200 1] Chinksal Comtralls] Trals (OCT) and Bamdcaized
Meceived 24 felay 201 4 Controfled Trials (RCT)concerming the wse of missic and missic-therapy (MT) I che contest of dementia
Accepred 11 May 212 and relared lzcues,

Studies whech explored the efficacy of music and MT on behavioral and psychalogscal symiptoms of
dementia [BPSE) e prevalenl, while thase aiming o assessing 4 poteniial sffect of these approsches

mdh:-m an cogmitive and phasiolencal aspects e sfant. Althoisgh with some Wmitarions the resalts of ihese
i m stidies ane consistent with the =ficacy of MT approsch on APSD, Inthis contexr, the abilicy of the msic
Crarhenld therapist to directly inferact with the patients appears to be crucial for the sucoess of the mderwention,

Seleniific parspEcives This review was endorsed by the ltalian Paychogeriabric Associstson [AIP)and represents its view about
Recomurendations the critedia to setédt appropriare maused amd BT appeaaches in the field ol dementia, Accordingly, we have

develaped a bist of recommenglarions ta Baclitare the curment use of these technigques in the contest of
non-pharmacotagical treatments for patients with dementia
D 2012 Elsewser lreland Led Al rights reserved.
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ORIGINAL ARTICLE

Efficacy of Music Therapy in the Treatment of Behavioral
and Psychiatric Symptoms of Dementia

Alfredo Raglio, MT*{ Giuseppe Bellelli, MD,} Daniela Traficante, PsyD, PhD,§
Marta Gianorti MT* Maria Chiara Ubezio, MD* Daniele Villani MD*
and Marco Trabucchi, MDY

Background: Music therapy (MT) has been proposed as valid
approadh for behavioral and pswchologic symploms (BPSDY)
of dementa. However, studies demonstrating the effecivensss
of this approach are lacking.

Objective: To assess MT effectiveness in redocing BPSD in
subjects with dementia.

Method: Fifty-nine persons with dementia were enrolled n this
study. All of them underweni a mulodimensional assessment
including Mini Mental State Examination, Barthel Index and
Newropsychiatry Inventory at enrolment and after 8 16, and
20 weeks. Subjects were randomly assigned o expenmental
(n=30) or control (n= 29} group. The MT sessions were
evaluated with standardized cnteria. The expenmental group
recaved 30 MT sessions (16wk of treamment), whereas the
control group received educational support or entértanment
aclmabes,

Results: NPI total score significantly decreased in the expen-
mental group at Bth, 16th, and 20th weeks (interaction time =
group: Fs q4s = 5.06, P = 0,002). Specific BPSD (ie, delusions,
agitation, anxiety, apathy, irmtability, aberrant motor activity,
and night-time disturbances) sipnificantly improwed. The empa-
thetic relationship and the patims" active participation in the
MT approach, also improved in the experimental group.

Conchsions: The studv shows that MT is effective to reduce
BPSD in patients with moderate-severs dementia.

Kev Words: dementia, behavioral disorders, music therapy
{Alzheimer Dis Azsoc Disord 008,22: |58-162)

phases.! BPSD are usually treated with a phamacologic
approach, inchuding the use of neuroleptics, sedatives,
and antidepressants.! However, pharmacologic ap-
proaches are not easy to manage and are often burdened
by several side effects and complications.*® In a recent
study on 421 patients with Alzheimer disease, 24% of
patients treated with olanzapine, 16% with quetiapine,
and 18% with risperidone, discontinued their assigned
treatment at 36 weeks due to intolerability.® A recent
review by the Cochrane Database claims that the atypical
antipsychotics, although useful in reducing BPSD, am
associated with serious adverse cembrovascular events
and extrapyramidal symptoms.® Because of these difficul-
ties, recent guidelines from national and international
associations recommend that the pharmacologic ap-
proach should not be the first-line treatment. %

MNonphamacologic approaches are longtime known
to be useful in the treatment of BPSD. In a multicenter
study on 535 patients with moderate to severe dementia,” it
has been shown that agitation and irmritability significantly
decreased with environmental adaptations and individu-
ally designed care planning. In this situdy, BPSD
decreased at 6 months without using newroleptics and/or
physical restraints.”

Music therapy (MT) is a promising nonpharmaco-
logic approach for BPSD. [t is based on the systematic
use of musical instruments to improve communication
between music therapist and patients. MT is now used
with increasing frequency, especially for the treatment
of some BPSD, namely agitation and aggressiveness® 13
Despite these premises, studies demonstrating MT effec-
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Raglio et al Clinical Interventions in Aging 2014:9 1669-1676

Table | Main characteristics of interventions in the global music approach in dementia (GMA-D)

Type of intervention

Professionals/caregivers

Content

Setting/context

Stage of
disease

Dwuration and frequency
of interventions

Aims

Active music therapy —
psychological approach
(AMT-PA) (individual or
small group sessions,
two to three PVWD)
Active music therapy —
rehabilitative approach
(AMT-RA) (individual or
small group sessions,
two to three PYWD)
Active music therapy
with family caregivers
[AMT-FC) (couple
PYWD—family caregiver
and music therapist)

Music-based
interventions (MBI}
(middle group
SESSIONS, 5ix to eight
YD)

Caregiver singing (C5)
(individual sessions)

Individualized listening
to music (ILM)
(individual sessions)
Background music (BM)
(group sessions)

Trained music therapist

Trained music therapist

Trained music therapist

Musician or worker
with musical expertise

Caregivers formal
or informal

Music therapist (music
selection), caregivers
(music administration)
Music therapist (music
selection), caregivers
(music administration)

Musical improvisation
andfor structured music

Music exercises

Musical improvisation
andlor structured music

Structured musical
initiatives: rhythmic use
of instruments, singing,
movement associated
to music, and listening
to music (classical
music, soothing music,
evocative music)
Caregiver singing
(familiar songs or
improvised melodies to
or together with PVvD)

Listening to preferred
music

Listening to music
(different kind of music,
mainly without text)

Therapeutic setting/
music therapy room

Therapeutic setting/
music therapy room

Therapeutic setting/
music therapy room

Spacious room

Personal care

(ie, toilet, bathing,
dressing, assisted
deambulation)

Comfortable room

Living spaces

Mild to severe
dementia
(CDR 1-4)

Mild to moderate
dementia
(CDR 1-2)

Moderate to
severe dementia
(CDR 1-4)

Mild to moderate
dementia
(CDR 1-2)

Moderate to
severe dementia
(CDR 1-4)

Mild to severe
dementia
(CDR 1-4)
Mild to severe
dementia
(CDR 1-4)

Twice a week for at least
15 sessions, 30 minfsession

Two—three times a week
for at least 15 sessions,
30 minfsession (cycles

of sessions)

Twice a week for at least

12 sessions, 30 min/session
(cycles of sessions)

WWeekly/biweekly, cycles
of sessions (eight to ten).
45—60 min/session

Diaily

Draily. 30 min/session,
4 weeks or more

Daily

Reduction of BPSD and related
complications, emotional and

behavioral regulation, increase
of communication/relationship

Improvement of cognitive function:
[specifically memory, attention,
language, executive functions)

and motor and sensory functions

Reduction of stress and anxiety
condition in family caregivers:
reduction of BPSD in PVWWD:
improvement of communication
and quality of life in PYWD

and family caregivers

¥vell-being. improvement of mood
and motivation, promotion of
socialization, global motor and
cognitive stimulation

Improvement of communication
and relationship; reduction of BPSL
during daily activities; improvemen
of mood; promaotion of positive
emotional context

BPSD reduction; cognitive
stimulation

Activation or relaxation, increase
of well-being; improvement

of person’s adaptation to the
environment

Abbreviations: PWD, persons with dementia; CDR, dlinical dementia rating: BPSD, behavioral and psychalogical symptoms of dementia.
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Primiry outcome Cverall b resalts
‘duration of
0 lulm;clhttrﬂng. ltmhtril: 1 18 b= Single Motor performance, 12 hin Music therapy improved mobility (j-0-006]), UPDRS 1l {p=0-003), text
0 ? #$%5 clapping, of stednging vs cognition, and quality of life & weeks recall {p=0-036), item naming (p=0-033), performance in Stroop test
- standard e {p=0-0eTy. and quality of life (p-0-031),
~ Favourite music 1 a7 Mo Single  Walking parametery 1595hin Walking to music improved velocity (p=0-002. d=2-64], stride time
 ymchronised to gait vs 13 weeks (p=D019, d=176), cadence (p=0-007, d= 7-16), and LIPDRS il (p-0.002,
3 ? #$%S$ Pl d-0:50).
* Tango, walty, or foxtrot 1 48 No Single Funetbonal motor control 0k n Tango group improved in batance (p=O-000, da3 481 b-minwalking
=B HED | eancing vs standard cane® 1% wiesikes (=001, de 250, and backwirel stride length (p=0-001, d=2-15 ) waltz
¥ o fotrat group improvedd in batance (p=0-001, d=3-17), 6-minwalking
(p=0-004, d=2-74), and backward stride kength (p=0-018, d-1.96),
=N = 05 HE D Tangoand waltz or faxtrot 1 61 No hlis Health: related quality of life. 20hin Tango improved mobility [p-0403, d=2.50), social sapport (p=0.05,
vs T Ch e standtard care™ 13 weeks #=2-97), and guality of life (pe00l d=209) .
< 4 #PP& Tango vs physical exercise™ 1 19 Mo Single  Functicsl mobility Ahin Tango group impeoved balnce (p=0-01, d-2-18].
13 weels
H#$ 1 19 Mo Mo Hamd fumction 5 hin The musi growp improved in meﬁm-cuonalmuﬂhhuﬂ-ﬂ-g.ni-"ﬂﬁ- |
0) Tweeks e showsed by time = group interaction (p=0:003, d=0-60). |
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