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a b s t r a c t
bacKGround: after receiving neurologic music therapy, functional improvements in children with severe bilateral cerebral palsy have not 
been found in the literature. Musical training with instruments allows interrelationships between movement, emotions and cognition for task-
based learning, in order to improve motor control.
aiM: to understand whether neurologic music therapy has an impact on the functionality of children with severe cerebral palsy.
dEsiGn: a randomized controlled assessor-blind trial was carried out.
sEttinG: children were recruited and treated in their own community center.
population: Eighteen children with severe bilateral cerebral palsy between 4 and 16 years old were studied.
MEthods: the intervention group (n.=18) received music therapy for 16 weeks, in addition to its usual physiotherapy input. two music 
therapists implemented a neurologic music therapy program of therapeutic instrumental music performance. the control group (n.=9) received 
LWV�XVXDO�WKHUDSHXWLF�LQSXW��VLPLODU�WR�WKH�LQWHUYHQWLRQ�JURXS��EXW�QRW�QHXURORJLF�PXVLF�WKHUDS\��2YHUDOO�DQG�VSHFL¿F�³&KDLOH\�OHYHOV�RI�$ELOLW\´�
ZHUH�TXDQWL¿HG��DV�ZHOO�DV�WKH�ORFRPRWRU�VWDJHV�
5(68/76��6LJQL¿FDQW�LPSURYHPHQWV�LQ�WKH�RYHUDOO�DQG�VSHFL¿F�³DUP�DQG�KDQG�SRVLWLRQ´�DV�ZHOO�DV�³DFWLYLWLHV´�IURP�WKH�&KDLOH\�/HYHOV�RI�$ELO-
ity and the locomotor stages were observed (p<0.05) in the group which received the music therapy. all these improvements persisted after 4 
months. the control group showed no improvements after a four-month follow-up.
conclusions: optimized intervention of neurologic music therapy can improve the functionality of children with severe bilateral cerebral 
palsy.
clinical rEhabilitation iMpact: Music therapy is a useful tool in rehabilitation and its positive effects remain four months after 
completing the treatment.
(Cite this article as: Marrades-caballero E, santonja-Medina cs, sanz-Mengibar JM, santonja-Medina f. neurologic music therapy in upper-limb 
rehabilitation in children with severe bilateral cerebral palsy: a randomized controlled trial. Eur J phys rehabil Med 2018;54:866-72. doi: 10.23736/
s1973-9087.18.04996-1)
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neurologic music therapy (nMt)1 has been success-
fully used in children with cerebral palsy (cp) with 

*URVV� 0RWRU� )XQFWLRQ� &ODVVL¿FDWLRQ� 6\VWHP� �*0)&6��
levels i, ii and iii. improvements in gait using rhythmic 
auditory stimulation2 and resistance Exercise Effects 
through patterned sensory Enhancement3, 4 have been 
found in the literature. also, positive effects in neuroplas-

ticity by active training with musical instruments5, 6 have 
been observed due to the consistent bidirectional transmis-
sion of information between sensory and motor areas of 
the brain of people with cp. nMt active techniques have 
been used for therapeutic purposes,7 however, research on 
people with poor gross motor levels (GMfcs-E&r= iV-
V)8 and severely limited manual ability (Macs=iV-V),9 
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&RPPXQLFDWLRQ�)XQFWLRQ�&ODVVL¿FDWLRQ�6\VWHP��&)&6��24 
hearing preservation, interest in music and no risk of self-
harming. in addition, participants’ parents or guardians 
gave informed consent for participation in the study and 
video recording. Exclusion criteria were: severe behav-
ioral problems, poor attention due to secondary effects of 
medication, non-attendance to more than 20% of the ses-
sions. only 18 patients met the inclusion criteria (12 males 
and six females) who were randomized to receive nMt. a 
blinded pediatric physical therapist assessed all the chil-
GUHQ�EHIRUH��7���DQG�DIWHU�WKH�IROORZLQJ�SHULRGV��7KH�¿UVW�
16 weeks, a group of 9 children received physiotherapy 
treatment once a week only (control group= t0-t1), while 
another group of 9 children received nMt in addition 
to the usual physiotherapy treatment (first 9 subjects of 
the intervention group= t1-t2 a). after this period, the 
groups were crossed over for the following 16 weeks. the 
children who previously received only physiotherapy treat-
ment, would receive nMt at this point (second 9 subjects 
of the intervention group= t1-t2 b). the carry-over effect 
of NMT was assessed in 9 children after a washout period 

has not been previously published. therapeutic interven-
tion is complex in these patients due to severe communica-
WLYH��FRJQLWLYH�DQG�SV\FKRORJLFDO�GLI¿FXOWLHV�10

Music connects motor and cognitive aspects, facilitates 
learning and provides emotional experiences.11, 12 these 
processes are used in clinical intervention in neuroreha-
bilitation through therapeutic instrumental music perfor-
mance (tiMp).1 promoting neuroplasticity by motor con-
trol learning and functional recovery13 is possibly due to 
the effect of hearing and visual feedback.14

the rhythm produced with musical instruments acts as 
a force that optimizes all aspects of motor control through 
neurophysiological processes such as priming and entrain-
ment15, 16 by synchronization of movement, modulating 
muscle activation patterns, and controlling movement in 
space.1� 6SHFL¿FLW\� DQG� LQWHQVLW\� �UHSHWLWLRQ�� OHYHO� RI� GLI-
¿FXOW\��RI� WKH� UHTXLUHG� LQWHUYHQWLRQ� LQ�RUGHU� WR�RSWLPL]H�
neurorehabilitation17-19 are obtained by modifying the 
different musical features. for instance, music activities 
can develop communication skills20 and self-expression 
mechanisms,21 target regions where volition and motiva-
tion originate,22 and improve movement planning and co-
ordination.23

our hypothesis was that tiMp administered by two mu-
VLFDO�WKHUDSLVWV�XVLQJ�LQWHUDFWLYH�DFWLYLWLHV�LV�D�WDVN�VSHFL¿F�
functional training that optimized learning and motor con-
trol in children with severe bilateral cp.

this study aimed to explore the improvements in gross 
motor and upper-limb function in patients with severe bi-
lateral cp (GMfcs=iV-V) using tiMp.

Materials and methods

Study design

this analytic experimental study was designed as a con-
trolled assessor-blind cross-over trial. patients were ran-
domized into two groups by the recruiting center team 
who did not participate in the research. the study was ap-
proved by the research Ethics committee of the univer-
sity of Murcia id: 1186/2015.

Participants

7ZHQW\�IRXU�FKLOGUHQ�ZHUH�UHFUXLWHG�IURP�³/D�&UX]�5RMD�
&HUHEUDO�3DOV\�&HQWHU�´�9DOHQFLD��6SDLQ��,QFOXVLRQ�FULWHULD�
were: being between 4 and 18 years old, a diagnosis of 
bilateral cp, severe levels of gross motor function (GMf-
cs-E&r),8 severe to moderate levels on the Manual abil-
LW\�&ODVVL¿FDWLRQ�6\VWHP� �0$&6��9 severe levels on the 

figure 1.—study design. baseline features.
t: evaluation time; nMt: neurologic music therapy; sEs: sessions; 
*0)&6��JURVV�PRWRU�FODVVL¿FDWLRQ�V\VWHP��0$&6��PDQXDO�DELOLW\�FODV-
VL¿FDWLRQ�V\VWHP��&)&6��FRPPXQLFDWLRQ�IXQFWLRQ�FODVVL¿FDWLRQ�V\VWHP��
phys ther: physical therapy.

recruited (n.=24)
4-16 years

final group (n.=18)
� &ODVVL¿FDWLRQ� ,,,� ,9� 9

 GMfcs  2 16
 Macs 7 11
 cfcs 2 4 12

Group

period 
treatment

control (n.=9)

 GMfcs V=8
  iV=1
 Macs V=5
  iV=4
 cfcs V=5
  iV=2
  iii=2

t0-t1 
(16 weeks)

phys ther

intervention 
(n.=18)

(13 sEs)

t1-t2 
(16 weeks)

nMt + phys ther

carry over (n.=9)

 GMfcs V=8
  iV=1
 Macs V=6
  iV=3
 cfcs V=7
  iV=2

t2-t3 
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phys ther

Excluded (n.=5) not assessed (n.=1)
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chairs and were aimed at challenging upper-limb move-
ments and head and trunk control.

the sequencing process was open and under continuous 
HYDOXDWLRQ�LQ�RUGHU�WR�GH¿QH�WKH�IXQFWLRQDO�JRDOV��$OO�WKH�
sessions lasted 40 minutes, were video recorded from front 
DQG� ODWHUDO�YLHZV��DQG� WKH� VSHFL¿F� WDVNV� WR� WUDLQ� WKURXJK�
WKH� GLIIHUHQW� PXVLF� LQWHUYHQWLRQV� ZHUH� GH¿QHG� DIWHU� DV-
sessing each child’s needs and the required movement 
components. the sessions were divided into 4 parts: 1) 
introduction: updated information was collected from the 
SDWLHQWV�����³:DUP�XS´��UK\WKP�DQG�HPRWLRQDO�DGDSWDWLRQ�
with preparatory exercises (10%); 3) treatment (80%, 25-
30 minutes); 4) recap (10%), summary and preparation 
for the next session.

Assessment of outcomes

the assessment before and after the intervention was car-
ried out by the same pediatric physiotherapist,25 who was 
blinded to the intervention group.
³&KDLOH\�/HYHOV�RI�$ELOLW\´26 was selected for its quan-

titative and qualitative features assessing mild changes of 
the functional skills in children with severe cp (high cor-
relation with GMfM and aiMs). all the parameters de-
scribed in this scale were scored, as well as the locomotor 
stages which classify gross motor and locomotion func-
tions.25

Statistical analysis

7KH�:LOFR[RQ�7HVW�ZDV�XVHG�IRU�DOO�FRQWLQXRXV�YDULDEOHV��
baseline characteristics were compared between groups 
XVLQJ�0DQQ�:KLWQH\�8� WHVWV��'DWD� DQDO\VLV�ZDV� FDUULHG�
out using spss 21.0. only p values less than 0.05 were 
FRQVLGHUHG�VWDWLVWLFDOO\�VLJQL¿FDQW�

Results

1R�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�LQWHUYHQWLRQ�DQG�FRQ-
trol groups in any of variables assessed were found at the 
beginning of the study.

average values and standard deviation before and af-
ter the nMt intervention of the whole sample (n.=18) are 
VKRZQ�LQ�7DEOH�,��'DWD�LQFOXGHG�WKH�VXPPDULHV�RI�VLJQL¿-
cant differences before and after the intervention: overall 
VFRULQJ� RI�&KDLOH\�/HYHOV� RI�$ELOLW\� �3 �������� ³DFWLYL-
WLHV´�VHFWLRQ��3 ��������³DUP�DQG�KDQG�SRVLWLRQ´�VHFWLRQ�
(p=0.027) and locomotor stages (p=0.008). average val-
ues increased after nMt intervention in these variables, 
ZKLOH�QR�VLJQL¿FDQW�GLIIHUHQFHV�ZHUH�REVHUYHG�LQ�WKH�UHVW�
of the parameters studied. nevertheless, a progressive in-

when they again received physiotherapy only (carry-over 
effect group= t2-t3). this cross-over design allowed us 
to increase our intervention group (n.=18), and to treat all 
the children equally for ethical reasons (figure 1, 2). inter 
and intra-rater reliability of the examiner were studied in 
previous research and they were higher that 0.9 (p<0.05) 
IRU�*0)&6�DQG�ORFRPRWRU�VWDJHV�TXDQWL¿FDWLRQ�25

Intervention

thirteen nMt sessions were carried out over 16 weeks. in-
tervention was performed once a week and simultaneously 
by a team of two music therapists in order to improve mo-
tor learning. the music was always live and customized 
according to each patient’s needs and preferences. small 
percussion instruments, spanish guitar, keyboard (casio 
tone bank-6) and drums (e-drum 150) were played.

two types of activities were performed during the ses-
sions. at the beginning, patients chose and played the mu-
sical instruments using their own movement strategies (hit-
ting, rubbing, crashing) to generate rhythmic music pat-
terns (10% of the session). Music therapists played along 
in order to contribute to the structure and cosmetic function 
to the baseline pattern. children integrated their own musi-
cal creativity, thereby strengthening their intrinsic motiva-
tion, as well as expression and communication skills.

afterwards, therapeutic instrumental music perfor-
PDQFH�DFWLYLWLHV�LQFOXGHG�UHSHWLWLYH��WDVN�VSHFL¿F�WUDLQLQJ�
ZLWK�YDULHG�DQG� LQFUHPHQWDO� OHYHOV�RI�GLI¿FXOW\� �����RI�
the session). the tasks required children’s attention and 
concentration, and were organized to stimulate, sign and 
guide movement. Music therapists composed small pieces 
of music testing different music parameters trying to trig-
JHU�IRUHDUP�SURQDWLRQ�DQG�VXSLQDWLRQ��HOERZ�ÀH[LRQ�DQG�
H[WHQVLRQ�DQG�VKRXOGHU�ÀH[LRQ��0RVW�RI�WKH�DFWLYLWLHV�ZHUH�
performed in a prone position or sitting in their wheel-

figure 2.—cross-over intervention timing.
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ment was performed. table iii compares measurements 
taken in the intervention group after a 16-week follow-up 
ZLWKRXW�107��DYHUDJH�7����1R�VLJQL¿FDQW�GLIIHUHQFHV�LQ�
sex or age were observed.

table iV shows that there were no statistical differences 
between intervention groups t1-t2 a and t1-t2 b at as-
sessment time previous to nMt intervention.

FUHDVLQJ�RI�³ORDG�EHDULQJ�´�³KHDG�PRYHPHQW´�DQG�³OHJ�SR-
VLWLRQ´�YDOXHV�FDQ�EH�REVHUYHG�DIWHU�107�

baseline values for all variables remain stable in the 
control group (table ii), showing no changes with con-
ventional physiotherapy.

improvements persisted 16 weeks after the nMt treat-
ment was discontinued and only usual physiotherapy treat-

Table I.— Average values and standard deviation of the studied 
variables before and after music therapy intervention (groups 
T1-T2 A and T1-T2 B).

Variables in intervention group average t1 average t2 p value

symmetry 8.22±3.59 8.22±3.59 1.000
loadbearing 16.61±6.05 16.67±6.05 0.317
shoulder girdle position 14.44±4.03 14.44±4.03 1.000
pelvic girdle position 14.11±3.46 14.11±3.46 1.000
/DWHUDO�VSLQDO�SUR¿OH 11.06±4.96 11.06±4.96 1.000
head movement 11.67±3.87 11.89±4.00 0.157
chin position 12.06±4.29 12.06±4.29 1.000
arm and hand position 13.56±5.38 15.22±6.12 0.027*
leg position 7.17±3.11 7.39±3.35 0.180
activities 11.00±6.73 13.17±7.33 0.007*
ability to be positioned 9.11±2.30 9.11±2.30 1.000
trunk position and movement 4.39±0.92 4.39±0.92 1.000
hip position 1.50±1.76 1.50±1.76 1.000
loadshifts 1.94±0.54 1.94±0.54 1.000
:LGWK�RI�VWDQGLQJ�EDVH 2.00±0.59 2.00±0.59 1.000
total chailey test 138.83±42.41 143.17±43.44 0.002*
locomotor stages 1.17±0.86 1.56±0.62 0.008*
3�YDOXH�FROXPQ�GH¿QHV�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�WKHVH�PHDVXUHPHQWV��
pre-intervention = average t1; post-intervention = average t2. 

Table II.— Average values and standard deviation of the studied 
variables in both assessments of the control group (T0-T1).

Variables in control group average t0 average t1 p value

symmetry 8.22±3.35 8.22±3.35 1.000
loadbearing 16.78±8.06 16.78±8.06 1.000
shoulder girdle position 14.33±4.90 14.33±4.90 1.000
pelvic girdle position 14.22±4.41 14.22±4.41 1.000
/DWHUDO�VSLQDO�SUR¿OH 10.22±5.14 10,22±5.14 1.000
head movement 11.56±4.28 11.56±4.28 1.000
chin position 12.56±4.42 12.56±4.42 1.000
arm and hand position 12.00±5.00 12.00±5.00 1.000
leg position 7.11±3.22 7.11±3.22 1.000
activities 10.33±6.30 10.67±6.00 0.317
ability to be positioned 9.78±2.73 9.78±2.73 1.000
trunk position and movement 4.33±1.00 4.33±1.00 1.000
hip position 1.67±2.00 1.67±2.00 1.000
loadshifts 1.89±0.78 1.89±0.78 1.000
:LGWK�RI�VWDQGLQJ�EDVH 1.89±0.78 1.89±0.78 1.000
total chailey test 136.9±48.9 137.2±48.6 0.317
locomotor stages 1.22±0.83 1.33±0.87 0.317
3�YDOXH�FROXPQ�GH¿QHV�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�WKHVH�PHDVXUHPHQWV�
average t0: initial assessment; average t1: second assessment after 16 weeks of 
initial assessment (control group).

Table III.— Average values at three assessment times (groups T1-T2 A and T2-T3).

Variables in carry over group average t1 average t2 average t3 p value
t1-t2

p value
t2-t3

symmetry 8.22±4.02 8.22±4.02 8.22±4.02 1.000 1.000
loadbearing 16.44±3.57 16.56±3.57 16.56±3.57 0.317 1.000
shoulder girdle position 14.56±3.24 14.56±3.24 14.56±3.24 1.000 1.000
pelvic girdle position 14.00±2.45 14.00±2.45 14.00±2.45 1.000 1.000
/DWHUDO�VSLQDO�SUR¿OH 11.89±4.94 11.89±4.94 11.89±4.94 1.000 1.000
head Movement 11.78±3.67 11.78±3.67 11.78±3.67 1.000 1.000
chin position 11.56±4.36 11.56±4.36 11.56±4.36 1.000 1.000
arm and hand position 15.11±5.58 15.33±6.08 16.44±7.09 0.317 0.465
leg position 7.22±3.19 7.33±3.08 7.67±2.96 0.317 0.317
activities 11.67±7.45 13.56±8.41 13.56±10.25 0.109 1.000
ability to be positioned 8.44±1.67 8.44±1.67 8.44±1.67 1.000 1.000
trunk position and movement 4.44±0.88 4.44±0.88 5.44±2.96 1.000 0.317
hip position 1.33±1.58 1.33±1.58 1.33±1.58 1.000 1.000
loadshifts 2.00±0.00 2.00±.00 2.00±0.00 1.000 1.000
:LGWK�RI�VWDQGLQJ�EDVH 2.11±0.33 2.11±0.33 2.11±.33 1.000 1.000
total chailey test 140.7±37.6 143.1±38.2 145.5±41.0 0.027* 0.917
locomotor stages 1.11±0.93 1.44±0.73 1.56±1.01 0.083 0.564
3�YDOXH�GH¿QHV�VLJQL¿FDQW�GLIIHUHQFHV�DPRQJ�WKH���VFRULQJ�WLPHV��
$YHUDJH�7��VKRZV�DYHUDJH�YDOXHV�DQG�VWDQGDUG�GHYLDWLRQV�DW� WKH�¿UVW�DVVHVVPHQW�EHIRUH�PXVLF� WKHUDS\� LQWHUYHQWLRQ��$YHUDJH�7�� LQFOXGHV� VLPLODU�GDWD� WDNHQ�DIWHU�
���ZHHNV�RI�PXVLF� WKHUDS\�LQWHUYHQWLRQ��$YHUDJH�7��LQFOXGHV�WKH�FDUU\�RYHU�TXDQWL¿FDWLRQ�DVVHVVHG�DW�D����ZHHNV�IROORZ�XS�DIWHU�PXVLF� WKHUDS\�LQWHUYHQWLRQ�ZDV�
discontinued. 
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physiotherapy treatment. firstly, no improvements were 
observed when this group was treated only with physio-
therapy as with control group t0-t1 (table ii). secondly, 
table iV showed no statistical differences between inter-
vention groups t1-t2 a and t1-t2 b at assessment time 
previous to nMt intervention. thirdly, usual physiother-
apy treatment was carried out with the same regularity in 
the whole sample before this study was started; therefore, 
both groups performed from similar baseline conditions.
7KHVH� ¿QGLQJV� SURPSW� XV� WR� WKLQN� WKDW� SDWLHQWV� ZLWK�

different neurological conditions including severe mo-
WRU�� FRJQLWLYH� DQG� FRPPXQLFDWLRQ� GLI¿FXOWLHV� FRXOG� WDNH�
advantage of the feedback, entrainment and priming ef-
fects with nMt techniques. that is, patients could im-
prove with a therapeutic instrumental music performance 
(tiMp) program.

research on children with both poor gross motor func-
tion and manual ability, as well as lack of verbal commu-
nication, has not been found. previous studies included 
children with GMfcs levels i to iii only because walking 
ability was a requirement.27 other inclusion criteria were 
being able to stand without support,2 being able to transfer 
from sitting to standing,3, 4 being able to sit at the keyboard 
unaided7 and, being able to follow verbal instructions.
2XU� WKHUDSHXWLF� DSSURDFK� ZDV� HFOHFWLF�� ÀH[LEOH� DQG�

aiming at overall functional outcome in order to face the 
severe motor, sensory, communication, cognitive and be-
KDYLRUDO�GLI¿FXOWLHV��0RWRU�LPSURYHPHQW�FDQ�EH�REWDLQHG�
targeting cognitive and emotional aspects because rhythm 
determines movement1 and music quality (subjective to 
each patient) increases cognition and feelings.11, 28, 29

therapists observed and assessed musical preferences 
in order to understand subjective peculiarities and design 
VSHFL¿F�WDVNV�WR�IDFLOLWDWH�PRWRU�FRQWURO�DFFRUGLQJ�WR�FRJ-
nitive and communication skills. live music was required 
to achieve this, creating and adapting the pieces to immedi-
ate needs. to complete this process, the comprehension of 
the proposed activities was also required. both therapists 
used music to communicate and interact with each patient.

sessions were customized individually according the 
patients’ abilities in order to target objectives through a 
combination of manual tasks, sensory intervention, and 
postural challenges. this malleability provided freedom 
to increase motivation and attention, to improvise, and 
to optimize the therapy process.22, 30 improvisation tech-
niques allowed the patients to repeat and automate tasks 
without stereotypical movements and to progressively 
use more complex activities. Moreover, repetitive move-
ments during tiMp helps to guide and give structure to 

Discussion

no other paper has previously shown our positive out-
comes using nMt in the functionality of children with 
severe bilateral cp (GMfcs V= 88.88%).
7KH�UHVXOWV�RI�WKLV�VWXG\�FRQ¿UPHG�RXU�K\SRWKHVLV�WKDW�

an optimized music therapy program including active mu-
sic techniques (tiMp) improves upper-limb function in 
children with severe bilateral cp.
2XU� UHVXOWV� DGMXVW� FRKHUHQWO\� WR� WDVN�VSHFL¿F� WUDLQLQJ�

that could be repeated more while progressively increas-
LQJ� WKH� OHYHO�RI�GLI¿FXOW\��7KHUHIRUH�� WKH� ³DUP�DQG�KDQG�
SRVLWLRQ´�DQG�³DFWLYLWLHV´�¿HOGV�FRXOG�EH�WUDLQHG�PRUH�LQ-
WHQVHO\�� ,PSURYHPHQWV� LQ� ³ORDG�EHDULQJ�´� ³OHJ�SRVLWLRQ�´�
DQG� ³KHDG�PRYHPHQW´� KDYH� DOVR� EHHQ� REVHUYHG�� HYHQ� LI�
QRW� VWDWLVWLFDOO\� VLJQL¿FDQW�� 3URSULRFHSWLYH� IHHGEDFN� DQG�
feedforward when playing the musical instruments could 
support the positive outcomes of these variables. the other 
variables remained at their baseline values. this is self-
explanatory since these tasks could not be trained as much 
due to patients’ limitations. this leads us to believe that 
nMt could improve sensorimotor control in different neu-
rological disorders with severe motor, cognitive and com-
PXQLFDWLRQ�GLI¿FXOWLHV�

it could be possible that physiotherapy treatment 
helped to maintain the effects of nMt on the carry-over 
group; however, it is unlikely that the improvements ob-
served in group t1-t2 b were due to 16+16 weeks of 

Table IV.— Statistical differences in the studied variables at initial 
assessment between intervened groups (T1-T2 A and T1-T2 B).

Variables average 
t1-t2 a

average 
t1-t2 b p value

symmetry 8.22±4.02 8.22±3.35 1.000
loadbearing 16.56±3.57 16.78±8.06 0.941
shoulder girdle position 14.56±3.24 14.33±4.90 0.911
pelvic girdle position 14.00±2.45 14.22±4.41 0.897
/DWHUDO�VSLQDO�SUR¿OH 11.89±4.94 10,22±5.14 0.493
head movement 11.78±3.67 12.00±4.53 0.910
chin position 11.56±4.36 12.56±4.42 0.636
arm and hand position 15.33±6.08 15.11±6.53 0.941
leg position 7.33±3.08 7.44±3.78 0.946
activities 13.56±8.41 12.78±6.57 0.830
ability to be positioned 8.44±1.67 9.78±2.73 0.229
trunk position and movement 4.44±0.88 4.33±1.00 0.806
hip position 1.33±1.58 1.67±2.00 0.700
loadshifts 2.00±0.00 1.89±.78 0.675
:LGWK�RI�VWDQGLQJ�EDVH 2.11±0.33 1.89±0.78 0.444
total chailey test 143.1±38.2 143.2±50.4 0.996
locomotor stages 1.44±0.73 1.67±0.50 0.461
3�YDOXH�FROXPQ�GH¿QHV�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�WKHVH�PHDVXUHPHQWV
initial assessment of intervention group a: average t1-t2 a; initial assessment of 
intervention group b: average t1-t2 b.
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limb function in children with severe bilateral cp. these 
positive effects remained 16 weeks after completing the 
treatment.

References

1. 7KDXW�0+��5K\WKP��0XVLF��DQG�WKH�%UDLQ��6FLHQWL¿F�)RXQGDWLRQV�DQG�
clinical applications. new york: routledge; 2005.
2. Kim sJ, Kwak EE, park Es, cho sr. differential effects of rhythmic 
auditory stimulation and neurodevelopmental treatment/bobath on gait 
patterns in adults with cerebral palsy: a randomized controlled trial. clin 
rehabil 2012;26:904–14. 
3. 3HQJ�<&��/X�7:��:DQJ�7+��&KHQ�</��/LDR�+)��/LQ�.+��et al. im-
mediate effects of therapeutic music on loaded sit-to-stand movement in 
children with spastic diplegia. Gait posture 2011;33:274–8. 
4. :DQJ�7+��3HQJ�<&��&KHQ�</��/X�7:��/LDR�+)��7DQJ�3)��et al. a 
home-based program using patterned sensory enhancement improves re-
sistance exercise effects for children with cerebral palsy: a randomized 
controlled trial. neurorehabil neural repair 2013;27:684–94. 
5. $OYHV�3LQWR�$��7XURYD�9��%OXPHQVWHLQ�7��7KLHQHO�$��:RKOVFKOlJHU�$��
lampe r. fMri assessment of neuroplasticity in youths with neurodevel-
opmental-associated motor disorders after piano training. Eur J paediatr 
neurol 2015;19:15–28. 
6. alves-pinto a, turova V, blumenstein t, lampe r. the case for Mu-
sical instrument training in cerebral palsy for neurorehabilitation. neu-
ral plast 2016;2016:1072301. 
7. chong hJ, cho sr, Jeong E, Kim sJ. finger exercise with keyboard 
playing in adults with cerebral palsy: a preliminary study. J Exerc rehabil 
2013;9:420–5. 
8. palisano rJ, rosenbaum p, bartlett d, livingston Mh. content va-
OLGLW\�RI� WKH�H[SDQGHG�DQG� UHYLVHG�*URVV�0RWRU�)XQFWLRQ�&ODVVL¿FDWLRQ�
system. dev Med child neurol 2008;50:744–50. 
9. Eliasson ac, Krumlinde-sundholm l, rösblad b, beckung E, arner 
M, ohrvall aM, et al.�7KH�0DQXDO�$ELOLW\�&ODVVL¿FDWLRQ�6\VWHP��0$&6��
for children with cerebral palsy: scale development and evidence of valid-
ity and reliability. dev Med child neurol 2006;48:549–54. 
10. byl n, roderick J, Mohamed o, hanny M, Kotler J, smith a, et al. 
Effectiveness of sensory and motor rehabilitation of the upper limb fol-
lowing the principles of neuroplasticity: patients stable poststroke. neuro-
rehabil neural repair 2003;17:176–91. 
11. 7URVW�:��)U�KKRO]�6��6FK|Q�'��/DEEp�&��3LFKRQ�6��*UDQGMHDQ�'��et 
al. Getting the beat: entrainment of brain activity by musical rhythm and 
pleasantness. neuroimage 2014;103:55–64. 
12. 9XLOOHXPLHU�3��7URVW�:��0XVLF�DQG�HPRWLRQV�� IURP�HQFKDQWPHQW� WR�
entrainment. ann n y acad sci 2015;1337:212–22. 
13. cano-de-la-cuerda r, Molero-sánchez a, carratalá-tejada M, al-
guacil-diego iM, Molina-rueda f, Miangolarra-page Jc, et al. theories 
and control models and motor learning: clinical applications in neuro-
rehabilitation. neurologia 2015;30:32–41. 
14. baram y, lenger r. Gait improvement in patients with cerebral palsy 
by visual and auditory feedback. neuromodulation 2012;15:48–52. 
15. 6WXSDFKHU� -��:LWWH�0�� +RYH�0-��:RRG� *�� 1HXUDO� (QWUDLQPHQW� LQ�
drum rhythms with silent breaks: Evidence from steady-state Evoked 
and Event-related potentials. J cogn neurosci 2016;28:1865–77. 
16. stoykov ME, Madhavan s. Motor priming in neurorehabilitation. J 
neurol phys ther 2015;39:33–42. 
17. 3DJH�6-��,QWHQVLW\�YHUVXV�WDVN�VSHFL¿FLW\�DIWHU�VWURNH��KRZ�LPSRUWDQW�
is intensity? am J phys Med rehabil 2003;82:730–2. 
18. Meimoun M, bayle n, baude M, Gracies JM. [intensity in the neu-
rorehabilitation of spastic paresis]. rev neurol (paris) 2015;171:130–40. 
french. 

the movement,1 taking advantage of the neurophysiologi-
FDO� HIIHFWV� WKURXJK� ³SULPLQJ´� DQG� ³HQWUDLQPHQW´� RI� WKLV�
technique11, 16, 23, 31� DQG� WKH� EHQH¿WV� GXH� WR� LPPHGLDWH�
feedback6, 14 when playing the instruments. furthermore, 
tiMp also helps the development of manual function by 
handling musical instruments.

in this way, important requirements in neurorehabilita-
WLRQ�IXO¿OOHG13, 18, 19 active organization, participation, re-
ward and motivation of the patient, as well as repetition 
DQG�LQFUHDVLQJ�WDVN�GLI¿FXOW\�

the control group was composed of 9 subjects (t0-t1), 
selected randomly from the same sample of children who 
had been and previously assessed before the intervention. 
this reduced the group selection bias and controlled the 
confusion variables.32�7KH�TXDQWL¿FDWLRQ�RI���SDWLHQWV��7��
t3) helps us to describe the carry-over effect of nMt, 16 
weeks after discontinuing the treatment.

Limitations of the study

limitations of this research include the heterogeneous na-
ture of our sample. our patients had mixed types of cp 
with unpredictable movements and emotional reactions. 
the cooperation between both therapists was important in 
order to make the handling of the children and percussion 
possible, and also to guide and contain the behavior and 
the emotions.
)XUWKHU�FODVVL¿FDWLRQ�RI�WKHVH�W\SHV�RI�SDWLHQWV�DOVR�DF-

cording to their cognitive, psychological and emotional as-
pects (together with the current motor and communication 
FODVVL¿FDWLRQV��ZRXOG�SURYLGH�JUHDWHU�REMHFWLYLW\�DQG�XQL-
formity in the results of future research. reliability would 
also increase if a larger sample was studied; however, this 
ZRXOG�LPSO\�D�VLJQL¿FDQW�WLPHOLQH�LQFUHDVH�GXH�WR�WKH�FXV-
tomized intervention.

clinical guidelines suggested in neurorehabilitation33 
may need further investigation, for instance, how to in-
crease the number and frequency of the sessions, as well 
as, therapy intensity without reducing attention level. re-
lations with other parameters such a sleep may also need 
to be studied.

future research lines could include an objective quanti-
¿FDWLRQ�RI�WKH�XSSHU�OLPE�UDQJH�RI�PRWLRQ�DQG�FRPPXQL-
cation improvements. this could be obtained using kine-
matic motion analysis.

Conclusions

optimized and combined intervention of therapeutic in-
strumental music performance can improve the upper-
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