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Abstract

The aim of the study is to investigate the improvement of upper extremity functions with piano training of adolescent cer-
ebral palsy. Nine adolescent cerebral palsy patients admitted to the Pediatric Disability Clinic between 2018 and 2020 and
9 healthy adolescent volunteers as control group were included. Therapeutic Instrumental Music Performance method was
applied 2 days a week, 3 months in 40-min sessions. Before/after intervention, MACS, Box Block Test, Nine-Hole Peg Test,
Jamar hand dynamometer and key pressing force of fingers were evaluated with Cubase MIDI program. Five of our patients
included in the study were spastic hemiplegic and 4 were spastic diplegic cerebral palsy. All measurements made after
intervention were found to be statistically significant compared to the measurements made before piano training (p <0.05).
The fingers that improved the most in the key pressing force of the fingers were found as the right hand 4th, left hand the
4th and 5th fingers (p <0.01). A significant strong negative relationship was detected between the Box Block Test and the
Nine-Hole Peg Test (p < 0.001). With therapeutic instrumental music performance method, functional gains can be achieved
in the grip strength, strengths of the fingers, gross and fine motor skills of adolescent cerebral palsy patients. Further studies
are needed to establish a piano training protocol in neurological music therapy.

Keywords Cerebral palsy - Neurological music therapy - Piano training - Therapeutic instrumental music performance -
Upper extremity rehabilitation

Introduction Reaching, grasping and releasing cannot be performed in a

normal pattern due to limited range of motion and problems

Cerebral palsy (CP) describes a group of permanent disor-
ders of the development of movement and posture, causing
activity limitation, that are attributed to non-progressive
disturbances that occurred in the developing fetal or infant
brain [1].

Hand is very important in daily life in patients with CP.
Affected upper limb functions are one of the most impor-
tant factors affecting daily life activities in patients with CP.
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in isolated finger and thumb mobility [2].

Boinier et al. [3] stated that hand functions of children
with hemiplegic cerebral palsy are very limited and they
have difficulty in performing complex tasks in daily activi-
ties. Levitt et al. [4] also emphasized that hand functions are
important in children with CP and that the affected upper
limb functions are the most important factor affecting daily
life activities.

During the rehabilitation process that starts from the
moment of diagnosis and lasts for many years, patients usu-
ally discontinue their therapy programs and follow-ups dur-
ing the adolescent period.

Numerous clinical studies have shown that auditory
rhythm and music can be used effectively for specific thera-
peutic purposes [5-7]. Given the fact that it is not easy to
implement the rehabilitation program for patients without a
good concentration and motivation, the advantages of music
therapy are more emphasized today. Music therapy increases
the effectiveness of the treatment and maximizes its effects
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by stimulating the person’s interest and increasing their par-
ticipation in the treatment.

The concept of music therapy in rehabilitation has been
documented by Thaut on a neuroscientific basis, stand-
ardized and a field known as neurological music therapy
(NMT) has been defined [8]. Therapeutic instrumental music
performance (TIMP) is one of three techniques addressing
motor rehabilitation in neurological music therapy. TIMP
uses musical instruments to help patients train impaired
motor functions and regain functional movement patterns.
Although the effect of NMT has been shown with various
studies, the number of studies involving TIMP is insufficient
[9, 10].

The aim of this study is to investigate the development
of upper extremity motor functions of adolescent patients
with cerebral palsy, to prevent the treatment interruptions
as the age progresses by adding music to the rehabilitation
process, to enable children with cerebral palsy to participate
in daily life activities by increasing their hand functions and
as a result, to increase their living standards.

Fig.1 CONSORT flow diagram
of the sampling stages

Control Group
N=9

Post-intervention
assessment

N=9
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Material and methods

Among the 300 patients with cerebral palsy followed in the
rehabilitation clinic of the university hospital, those between
the ages of 11-18 were reached. Of the 52 adolescent cer-
ebral palsy patients reached, 12 met the inclusion criteria.
3 patients dropped the rehabilitation sessions subsequently
(2 of them were due to ongoing coronavirus epidemic and
lockdown, 1 due to transfer difficulty), the study was com-
pleted with 9 patients.

9 adolescent patients diagnosed with cerebral palsy and
9 age and gender-matched controls who were admitted to
University Hospital Pediatric Rehabilitation Clinic were
included. Flow diagram of the study is shown at Fig. 1.

The study included patients between the ages of 11
and 18, diagnosed with CP, with upper limb involvement,
not previously trained in music, having a cognitive level
to understand and execute the commands (studying in
a normal educational institution, middle school or high
school appropriate for his age), and who agreed to par-
ticipate the study. Four spastic diplegic cerebral palsy

Pre-asessment

patient selection

' N=52
Pre-intervention Excluded
(not meeting inclusion

assessment P
criteria)

N=12 N=40

Intervention Group Withdrawal
N=9 N=3

Post-intervention
assessment

N=9
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patients included in the study were patients with minor
hand involvement.

Prior to the study, the approval of Medical Ethics Com-
mittee of our University Hospital was obtained (Decision
no: 2018/0199). This study is registered to clinicaltrials.
gov (ID: NCT03778398). Written informed consent for
participation and publication from patients and caregivers
has been obtained.

Patients were evaluated by the same researcher before
and after the training. Detailed locomotor system examina-
tions of the patients were recorded.

Hand functions of the patients in daily activities, before
and after 3 months of training, evaluated with the Manual
Ability Classification System (MACS), the gross motor
functions of hand evaluated with the wooden box block
test (BBT) and the upper extremity function and finger
dexterity evaluated with the 9-hole peg test (NHPT), grip
strength evaluated with the Jamar hand dynamometer, the
key pressing forces of five individual fingers were evalu-
ated with the Cubase MIDI program. BBT, NHPT, Jamar
hand dynamometer and key pressing strength of fingers of
nine healthy adolescents were also recorded.

Box block test, 9-hole peg test and grip strength meas-
urement were repeated twice on the table at the height of
the elbows, for the right and left hand, and the averages of
the tests were taken.

Evaluation tools
Manual Ability Classification System (MACS)

The Manual Ability Classification System (MACS) [11]
determines how patients with CP use their hands while
holding objects in daily activities. MACS defines five lev-
els. The determination of the levels is based on the child’s
ability to hold objects on his own and the need for help in
performing hand-related activities in daily life. MACS is
applied between the ages of 1-4 and 4-18. The validity
and reliability of our country was done by Akpinar et al.
[12].

Box block test (BBT)

Box block test is valid and reliable tool to evaluate
the gross manual dexterity unilaterally [13]. It con-
sists of a wooden box divided into two equal parts of
53.7 cm X 25.4 cm and 150 blocks with 2.5 cm each side.
The patient is asked to grasp the wooden blocks with his
hand and pass it from one side of the box to the other; the
number of wooden blocks transferred in 60 s is calculated.

Nine-hole peg test (NHPT)

It is a simple, fast, manual dexterity test with validity and
reliability [14]. It is particularly sensitive to changes in upper
limb performance. The test material consists of nine small
bars made in standard size and a nine-hole board on which to
place them. NHPT is applied in sitting position. The patient
is asked to string the nine bars inside the box resting on the
table into the holes of the other box as quickly as possible
and remove them immediately after finishing. Time is meas-
ured with a stopwatch and is started when the hand touches
the first bar and is finished when the last bar is placed in
the box.

Hand grip strength

In the measurement of hand grip strength, Jamar hand
dynamometer, which has high validity and reliability, and
therefore accepted as the gold standard and whose norm
values between the ages of 6 and 19 are available in the
literature, have been used [15—17]. Jamar hydraulic hand
dynamometer has the feature of showing hand grip strength
with its analog indicator over two separate units. It can
measure in pounds and kilograms. The measuring range is
200 1b or 90 kg.

Cubase MIDI program

Cubase is a Digital Audio Processing Station (DAW) soft-
ware developed by the German company Steinberg and used
for music recording and editing. Cubase LE 9.5 version was
used to create, edit and analyze MIDI recordings (Fig. 2).
The speed of key pressing can be measured in the Cubase
program’s MIDI interface. The keystroke speed data trans-
ferred from the digital piano to the program indicates the
pressing power to the keys. Changes in values taken before
and after the training reflect the effectiveness of the interven-
tion. The measurement was made after 3 trials.

Customized piano training program

In this study, therapeutic instrumental music performance
technique (TIMP), one of the three techniques of Thaut that
can be used in motor rehabilitation in neurological music
therapy (NMT), has been used.

Patients received a total of 3 months of customized piano
training in 40-min sessions 2 days a week. The trainer is an
advanced piano player and physiatrist and the piano used in
the training is an electronic piano (Casio Celviano©) with
semi-weighted keys (Fig. 3).

Additionally, the keys are marked with different colored
adhesive papers, so the notes are symbolized with colors to
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Fig.2 Cubase MIDI program interface

Fig. 3 Digital piano used in training

increase motivation, facilitate understanding of the com-
mands and learning (Fig. 4).

Each session was started with finger warming-up exer-
cises. Patient was allowed to improvise and was told to
press the key he wanted as he wanted. After 5 min of
warming-up, the fingers were numbered from 1 to 5, and
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Fig.4 Coloring of the keys with adhesive papers

the simple 5-scale pentatonic sequence was played with
intervals throughout the course.

Following the sequential pentatonic scale training, two
hands coordination was trained by pressing the keys of the
same color with both hands at the same time.

In the following lessons, a piece was determined accord-
ing to the music style that the patient liked, and it was aimed
to play this piece at the end of 3 months. Also the pieces
were taught by symbolizing notes with colors. Training pro-
tocol is shown at Table 1.

Statistical analysis

SPSS version 25.0 software (IBM, Chicago, IL) was
used for statistical data analysis. Descriptive statistics
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Table 1 Neurologic music

therapy procedure 1.

Preparation

o

The patient sits comfortably on the
chair.

The forearm and elbow positions are
adjusted.

Improvisation

o

The patient is asked to press the keys
as desired for 5 minutes.

Training

o

The patient is asked to press the keys
from F1 to F5 with the right hand and
then the left hand, respectively.

The patient is asked to press two keys
of the same color at the same time
with the same numbered fingers of
both hands.

The patient is asked to press a certain
color key with a numbered finger (ex:
press the blue key with F3 of the right

hand).

4. Playing a musical piece

and finger numbers.

o Asimple piece determined according to
the musical taste of the patient is
taught with the coloring of the keys

are presented together with mean and standard deviation
values for continuous variables. Frequency values (num-
ber of cases) for categorical variables are shown together
with their percentages. For categorical variables, whether
there was a significant difference between the groups was
determined by Chi-square test when the assumptions were
provided, and by the Fisher Exact test when the assump-
tions were VIOLATED. Whether there is a difference
between the two groups for continuous variables was ana-
lyzed by non-parametric Mann—Whitney U test. Differ-
ences between measurements at two different times were
analyzed with the non-parametric Wilcoxon signed ranks
test. The relationship between continuous variables was
calculated with the Spearman rho correlation coefficient.
When evaluating the results of the analysis, p <0.05 value
was considered statistically significant.

A post hoc power analysis was conducted using
G*Power 3 (Faul, Erdfelder, Lang, & Buchner, 2007) to
test the difference between related group means using a
two-tailed test, with sample of 9 participants n=9 and
alpha of 0.05 and to test the difference between two inde-
pendent group means using a two-tailed test, with a total
sample of 18 participants with two equal sized groups of
n=29 and alpha of 0.05.

Results

Descriptive statistics of the participants are shown in
Table 2.

A statistically significant improvement was observed in
all measurements taken after the training compared to the
measurements taken before the training (Table 3).

The key pressing power of fingers for the right and left
hand was measured before and after piano training with
the Cubase MIDI program. In the patient group (n=9), it
was observed that the key pressing powers was statistically

Table 2 Demographic characteristics of the participants

CP group (n=9) Control group (n=9)

Gender (F/M) 5/4 4/5
55.6%/44.4% 44.4%155.6%
Age (years) 12.33 (SD: 1.58) 12.44 (SD: 1.67)
(11-16) (11-16)
CP type
Spastic hemiplegic 5 (55.6%)
Spastic diplegic 4 (44.4%)
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Table 3 Patient group (n=9)

. Tests Before After Z P Power

comparison of measurements

before and after intervention Mean SD Mean SD
MACS 289 093 244 0.52 —2.00* <0.05 0.79
Right-hand BBT (box/min) 23.11 13.43 2833 1692 —2.53% <0.05 097
Left-hand BBT (box/min) 28.56 1391 3278  16.23 —2.53% <0.05 099
Right hand NHPT (s) 17137  209.84 12588 137.96 —267° <001 037
Left -hand NHPT (s) 60.04  41.09 5542  35.63 -267° <001 058
Right-hand dynamometer (Ib) 13.11  9.96 1822 11.81 —2.53% <0.05 099
Left-hand dynamometer (I1b) 18.33 8.66 24.11 11.82 —2.57% <0.05 0.99
MACS Manual Ability Classification System, BBT box block test, NHPT nine-hole peg test
Statistically significant at the level of *p <0.05, ®» <0.01 and p <0.001

Table 4 Comparison Of‘MID : Fingers Before After V4 p Power

values of the fingers before and

after intervention in the patient Mean SD Mean SD

group (n=9)
Right F1 83.89 26.31 87.67 22.24 —2.25% <0.05 0.66
Right F2 89.00 20.67 92.89 18.70 —2.11* <0.05 0.99
Right F3 80.78 24.85 90.89 17.81 —2.52% <0.05 0.95
Right F4 75.11 28.89 82.56 23.47 —2.67° <0.01 0.94
Right F5 70.22 27.20 77.00 20.74 - 1.96 0.50
Left F1 84.33 23.34 92.56 15.61 - 1.90 0.06
Left F2 89.33 20.57 95.78 12.88 —1.98* <0.05 0.57
Left F3 87.78 14.05 90.56 12.22 - 143 0.15
Left F4 83.33 13.18 89.56 11.56 —2.67° <0.01 1.00
Left FS 71.11 19.83 75.78 18.64 —2.69° <0.01 1.00

Statistically significant at the level of p <0.05, °p <0.01

significantly higher for four of the right-hand fingers
before and after piano training (Table 4). For the fifth fin-
ger, the p value was found to be 0.50 at the border.

In the patient group (n=09), it was observed that the key
pressing powers was statistically significantly higher for
three of the fingers in left hand (left 2, left 4, left 5) after
piano training (Table 4). For the other two fingers (left
F1, left F3), the difference in the pressing strength of the
keys before and after piano training was not found to be
statistically significant.

The results of the measurements made in the patient
group before and after piano training were compared with
the measurements taken from the control group. Except for
the left hand grip strength measurements, both the initial
values and the final values of the patient group show a
statistically significant difference compared to the values
of the control group (Table 5).

The key pressing forces of the patient group before
and after the training and the control group are shown in
Table 6. The finger with the highest strength was P2 and
lowest strength was P5 in both hands before and after the
training.

@ Springer

Table 5 Comparison of patient group (before and after intervention)
and control group measurements

zZ P Power

Right hand BBT CP before—control —3.58° <0.001 0.99

CP after—control ~ — 3.31° 0.001 0.99

Left-hand BBT CP before—control — 3.45° 0.001 0.99

CP after—control ~ — 2.66" 0.008 0.91

Right-hand NHPT ~ CP before—control —3.10° 0.002  0.49

CP after—control ~ — 2.88" 0.004 0.53

Left-hand NHPT CP before—control — 2.83° 0.005 0.64

CP after—control ~ — 2.70° 0.007 0.64

Right-hand CP before—control —3.11° 0.002  0.93

dynamometer CP after—control ~ —2.63° 0.009  0.76

Left-hand CP before—control — 1.96 0.05 0.65
dynamometer CP after—control ~ — 1.03  0.30

BBT box block test, NHPT nine-hole peg test

Statistically significant at the level of p<0.05, ’»p<0.01 and
‘p<0.001
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Table 6 Patient group (before

. . Fingers CP group (n=9) Control group (n=9)

and after intervention) and

control group right-hand fingers Before After

MIDI measurements

Mean SD Mean SD Mean SS

Right F1 83.89 26.31 87.67 22.24 104.56 7.54
Right F2 89.00 20.67 92.89 18.70 109.78 6.26
Right F3 80.78 24.85 90.89 17.81 110.44 7.50
Right F4 75.11 28.89 82.56 23.47 103.22 8.14
Right F5 70.22 27.20 77.00 20.74 101.22 9.07
Left F1 84.33 23.34 92.56 15.61 106.89 8.94
Left F2 89.33 20.57 95.78 12.88 111.56 5.59
Left F3 87.78 14.05 90.56 12.22 109.11 8.30
Left F4 83.33 13.18 89.56 11.56 103.22 9.78
Left F5 71.11 19.83 75.78 18.64 98.67 10.68

Table 7 Comparison of the patient group (before and after interven-
tion) and control group right and left hand fingers MIDI measure-
ments

z p
Right F1 CP before—control —1.81 0.070
CP after—control —1.68 0.092
Right F2 CP before—control —2.26% 0.024
CP after—control —-1.95 0.051
Right F3 CP before—control —2.96° 0.003
CP after—control -2.61° 0.009
Right F4 CP before—control —2.53% 0.012
CP after—control —2.03% 0.042
Right F5 CP before—control —2.74° 0.006
CP after—control —2.70° 0.007
Left F1 CP before—control —2.26% 0.025
CP after—control —2.03% 0.042
Left F2 CP before—control —2.88° 0.004
CP after—control —2.83" 0.005
Left F3 CP before—control —2.70° 0.007
CP after—control —2.74° 0.006
Left F4 CP before—control -2.92° 0.004
CP after—control —-1.95 0.052
Left F5 CP before—control -3.09° 0.002
CP after—control —2.78° 0.005

Statistically significant at the level of p<0.05, ’p<0.01 and
°p<0.001

The differences between patients and control groups in
the key pressing power of the right and left hand fingers are
shown in Table 7.

The differences between BBT, NHPT and hand
dynamometer measurements between the two hands in 5
hemiplegic patients were also evaluated. In all patients, the
difference between both hands decreased for BBT and NHPT
before and after the training, but the difference between the

two hands increased for hand dynamometer even though
hand grip strength improved in both hands (Table 8).

Discussion

In our study, the effect of 3-month Therapeutic Instrumental
Music Performance (TIMP) method of Neurologic Music
Therapy on upper extremity motor functions in adolescent
cerebral palsy patients was investigated.

Muscle strength, functionality and gross and fine motor
skills are can be impaired in the upper extremity in cerebral
palsy patients [18, 19]. Also in this study, the CP group was
significantly behind in all evaluation parameters compared
to the control group.

The literature on the active use of music in upper extrem-
ity rehabilitation in cerebral palsy is limited, and studies
have generally been conducted on pediatric patients. The
literature on active musical instrument education consists
mostly of stroke rehabilitation studies today [20-22].

Schneider et al. [23] and Altenmiiller et al. [21] investi-
gated the benefits of functional music education in a stroke
rehabilitation program involving playing active musi-
cal instruments. After 3 weeks of music training, patients
showed a significant improvement in their fine and gross
motor skills in terms of speed, sensitivity and smoothness
of arm movements, while there was almost no difference in
the group receiving conventional therapy.

In this study, piano training, which provides an average
of five blocks increase in BBT, can be interpreted as advan-
tageous compared to other therapies such as constraint-
induced therapy, where gains of 4 blocks were reported after
intense arm restriction in stroke patients [24, 25]. Since the
piano training intervention is based on commercially avail-
able equipment, it also has the potential to be self-directed
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Table 8 Changes in BBT,

BBT (box) NHPT (s) Hand dynamometer
NHPT and hand dynamometer
. (Ib)
between two hands in
hemiplegic patients before and Before After Before After Before After
after intervention
Patient 1 5 7 467 247 14 18
Patient 2 32 28 383 305 28 36
Patient 3 5 11.17 9 10 15
Patient 4 2 44.05 30.23 5 5
Patient 5 20 16 155 116 20 27

and maintaining treatment without limited to the rehabilita-
tion time in a facility.

In this study, significant improvements were observed in
key pressing powers of all fingers after piano training. The
fingers that benefited the most were 4th and 5th fingers of
the right hand, and 4th and 5th fingers of the left hand. This
finding can be explained by the fact that these fingers also
have less pre-training strength than other fingers, children
do not prefer to use these fingers in daily life, these fingers
started to be used actively in piano training. In literature,
2nd and 3rd fingers are tend to be stronger than 4th and 5th
fingers [26, 27]. In addition, the statistical difference in the
4th and 5th fingers may be due to the fact that the key press-
ing movement induced by piano playing is associated with
increased corticospinal excitability with both abduction and
adduction movements [28]. Overall, these findings show that
piano training as a motor skill training method can be an
effective finger rehabilitation tool for adolescents with CP.

In the study of Chong et al. [29], 5 adult cerebral palsy
patients were given 12 sessions and 30 min of piano train-
ing, and the key pressing speeds were compared. At the end
of the training, a statistically insignificant improvement
was noted in the key pressing speed of all fingers and it
was shown that the difference between the affected hand of
patients with CP and the nondominant hand of healthy adults
decreased significantly after training. Also in this study, in
the spastic hemiplegic cerebral palsy group before and after
training, the difference between the two hands decreased in
the box block test and the nine-hole peg test, and although
there was a significant improvement in grip strength in both
hands, the difference between two hands were increased.
With the coordinated use of both hands, it can be said that
the positive effect of piano training on gross and fine motor
skills is more on the affected side, but the unimpaired/less
impaired limb tends to gain more grip strength.

Statistically significant improvement was recorded in
all parameters of MACS, box block test, nine-hole peg
test and hand grip strength before and after intervention.
The statistical difference with the control group before and
after the training decreases in most of the parameters. On
the other hand, the difference in left hand grip strength
between the patient and the control group, which was
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significant before the training, became statistically insig-
nificant after the training. This finding can be explained by
the low left-hand grip strength of all patients in the control
group, whose right hand is dominant.

In the study conducted by Lampe et al. [30], a total of
18 children, 10 from CP and 8 from the other GRMCD
(global retardation and movement coordination disorders)
group, were enrolled, and the children received 35-40 min
of piano training twice a week for 18 months. Significant
decrease in the time interval of consecutive key pressing
and a significant improvement in the regularity of the time
interval for pressing the keys with piano training. There
was no difference between CP and other neurodevelop-
mental diseases, but it was found that the child with poor
hand skills showed more progress. In our study, the most
improvement was observed in the left hand grip strength,
strengths of 4th finger of the right and 4th and 5th fingers
of the left hand, which were the weakest at first. In the
same study, contrary to this study, there was no significant
difference in box block test and hand grip strength. But,
since there were no control groups and the fact that the
tests were repeated after a long time such as 18 months,
the differences found could not be distinguished from age-
expected physical development. It was interpreted that
piano training improves functions requiring manual dex-
terity rather than power. However, in this study, it was seen
that both the grip strength and the key pressing powers of
the fingers significantly improved with piano training. It
may be thought that the patients enrolled in the study of
Lampe et al. were not homogeneous, and patients were
involved in the study without seeking mental status crite-
ria, and the compliance of the patients to training might
be low in those with mental retardation, and this was the
reason for failure of the patients on the grip strength meas-
urement and box block test. In addition, the time interval
for consecutive keystrokes and the regularity of the key
pressing time interval are variables that depend entirely
on the sense of rhythm, and even in healthy people with
high IQ levels, musical intelligence can be determined to
be low because it is a completely different type of intel-
ligence [31]. Therefore, it is not appropriate to use these
parameters as variable in studies.
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In the study of Alves-Pinto et al. [10], nine adolescents,
seven adult CP patients and six healthy adolescent control
groups were taken and the patients were trained for 8 h of
piano training for four consecutive weeks. Alternatively, a
sensorimotor piano system developed specifically for the
patients with somatosensory perception deficit and/or spa-
tial perception deficits, applied for ten participants (con-
trol + patient) selected by the specialist doctor. In the study,
alpha ERD (event-related desynchronization) recording was
performed with the task of pressing the keys on the piano,
transition speeds between the keys, key pressing forces with
the vibration test and reaction time. After 4 weeks of piano
training, there was no difference in the keystroke regularity
or alpha ERD response of the patients. It was found that
piano training was effective in detecting the localization of
the vibration on the finger. It was emphasized that longer
training would be required to see changes in key press regu-
larity, strength, or alpha ERD. In this study, we also aimed
to establish a manual kind of sensorimotor piano system by
marking the piano keys with colored adhesive papers and
symbolizing patients fingers with numbers. In the study of
Alve-Pinto et al., different from this study, we think that the
reason for the lack of improvement in the key pressing force
and regularity is that the total training time and the sessions
are too long to continue to focus. In addition, the results of
the study may be controversial because there is no adult
control group in the study. It is known that learning ability
decreases over time even in healthy adults [32]. Therefore,
less impact can be expected in studies on adult patients.

In recently published study of Marrades-Caballero et al.
[9], 18 children with severe bilateral CP were divided into 2
groups, and in the first 16 weeks, 9 children received physi-
otherapy, 9 children received physiotherapy + music therapy,
and after 16 weeks, the groups were interchanged. In train-
ing, the child was allowed to choose his own instrument and
the improvisation method was used, and then a task-specific
music education program was applied. In the group receiv-
ing music therapy, a significant difference was found in the
total score, activity score, arm and hand position, and loco-
motor scores of the Chailey Levels of Ability scale compared
to pre-training, and this significant difference was reported
to continue 16 weeks after the treatment. However in the
study, severely impaired patients were selected according to
both GMFCS (Gross Motor Function Classification System),
MACS and CFCS (Communication Function Classification
System) and we think that it is a question mark whether it
is appropriate to select children with severe communication
problems in an education program that requires high level
of communication between the teacher and the student, such
as instrument training.

In the studies of Chong et al. [20] in stroke patients, box
block test and grip strength are strongly correlated with
MIDI finger strengths. It has been reported that the strongest

correlation between finger powers and box block test has
been shown. Also in this study, a strong relationship was
found between BBT and NHPT in both hands, and between
the individual strengths of all fingers and BBT and NHPT.

In the study of Alves-Pinto et al. [33] where 10 adoles-
cent patients with neuromotor retardation were taken to
piano training for 30—45 min 2 days a week for 18 months,
patients were evaluated with fMRI during finger opposition,
and fMRI changes were evaluated before and after the piano
lesson and also with a control group. It was determined that
the connectivity between the left primary motor cortex and
the right cerebellum increased with piano education. The
effects of neurological music therapy on the brain need to
be investigated with more studies.

The effects of musical instrument training can extend
beyond motor fields and function. We think that neurologi-
cal music therapy may involve the entire CNS and trigger
stronger sensorimotor interactions that lead to coordinated
motor responses, unlike other simple motor training.

In the process of continuing neuroplasticity in the devel-
opment age, methods such as music therapy should be given
importance. We think that this method should be included
in routine rehabilitation practice, especially in the child and
adolescent group. The feasibility of this adaptation should
be considered not only in terms of private health institu-
tions, but also in terms of its integration into the national
health systems. If the treatment of children with cerebral
palsy is not maintained, their integration into society will
be interrupted and their dependence on the caregiver will
result in loss of workforce, and the economic burden of the
person and the caregiver on the state will be greater than the
economic burden of this treatment (music therapy and music
therapy programs).

The information obtained from the participants’ feedback
showed that the all participants enjoyed the training pro-
gram and were motivated in the supervised piano training
sessions. All participants completed the 40-min sessions
while maintaining a high level of motivation and attention
throughout the entire study period. We think that beyond the
exercise, targeting and playing a musical piece is an impor-
tant factor for motivating patients to participate in many
repetitive training sessions. We also believe that the “game”
nature of this training adds a sense of accomplishment that
makes the intervention satisfying.

Limitations

In our country, hospital follow-up of cerebral palsy patients
is disrupted as they get older. The number of patients under-
going follow-up is very low, and among these patients, those
who meet the inclusion criteria of the study for neurologi-
cal music therapy training are much less. The number of
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patients with adolescent cerebral palsy in our country is
unknown. For this reason, the power analysis of the study
could not be performed before the study, as we were working
in a rare population with unknown incidence.

Small sample size and dual role of the researcher as inter-
ventionist and evaluator are the limitations of this study. In
future studies, it is recommended that the interventionist
and the evaluator be separate, and that a third observer be
included. Also, one of the limitations of the study is the ina-
bility to determine whether the improvement in hand func-
tions continues when the piano education is discontinued,
as we cannot repeat the evaluations after a period of piano
training due to the COVID-19 pandemic.

Conclusion

Although the evidence on neurological music therapy is lim-
ited, Therapeutic Instrumental Music Performance (TIMP)
is a promising method for upper extremity rehabilitation.
Neurological music therapy would increase treatment
compliance and continuation of adolescent cerebral palsy
patients. With TIMP method, which is associated with active
music production, improvements and functional gains can be
achieved in the grip strength, selective strengths of the fin-
gers, gross and fine hand motor skills of adolescent cerebral
palsy patients. It is possible that the patient can plan his/
her own treatment in the future, by communicating with the
patient via online video-conferencing, the trainings can be
continued remotely, using a program designed specifically
for this subject, which transfers key data from the trainer to
the patient and from the patient to the trainer. In this way,
discontinuations hopefully can be prevented as age advances
in adolescent cerebral palsy patients. In order to ensure the
applicability of music therapy in our country, competent
music therapists should be trained.

Neurological music therapy programs have uncertainties
regarding the frequency, duration, and method of applica-
tion. Although the 3-month, 40-min session duration applied
in this study seems to be effective, more studies are needed
to establish the piano training protocol in neurological music
therapy of patients with cerebral palsy.

Highlights

e With therapeutic instrumental music performance
method, improvements and functional gains can be
achieved.

e With this method, treatment interruptions can be avoided,
and even the patient can continue a structured program
online from home.

@ Springer

e 3-month, 40-min session duration applied in this study
seems to be effective protocol, but more studies are
needed to establish the optimum training protocol in neu-
rological music therapy of patients with cerebral palsy.
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