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ABSTRACT
Objective: We explored the effects of playing the piano on patients with cognitive impairment after mild
traumatic brain injury (mTBI) and, addressed the question if this approach would stimulate neural
networks in re-routing neural connections and link up cortical circuits that had been functional inhibited
due to disruption of brain tissue. Functional neuroimaging scans (fMRI) and neuropsychological tests
were performed pre–post intervention. Method: Three groups participated, one mTBI group (n = 7), two
groups of healthy participants, one with music training (n = 11), one baseline group without music
(n = 12). The music groups participated in 8 weeks music-supported intervention. Results: The patient
group revealed training-related neuroplasticity in the orbitofrontal cortex. fMRI results fit well with
outcome from neuropsychological tests with significant enhancement of cognitive performance in the
music groups. Ninety per cent of mTBI group returned to work post intervention. Conclusion: Here, for
the first time, we demonstrated behavioural improvements and functional brain changes after 8 weeks
of playing piano on patients with mTBI having attention, memory and social interaction problems. We
present evidence for a causal relationship between musical training and reorganisation of neural net-
works promoting enhanced cognitive performance. These results add a novel music-supported inter-
vention within rehabilitation of patients with cognitive deficits following mTBI.
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Introduction

Musical training has emerged as a useful framework for the
investigation of training-related plasticity in the human brain
(1). Playing an instrument simultaneously receives and trans-
mits visual, auditory, and kinaesthetic information to a spe-
cialised brain network (2), engages emotion and reward
systems in the brain, which may facilitate and enhance ther-
apeutic approaches aimed towards rehabilitation from neuro-
logical and psychiatric disorder (3–8).

The brain is a dynamically organised structure that changes
and adapts as response to repeatedly performed actions and
has shown that temporally coherent inputs in competitive
neural networks change the efficiency, density, and connec-
tivity of synapses (9). Music-making provides an enriched
environment for the brain in promoting dendritic sprouting
that is fundamental for synaptic plasticity (10). Multisensory
integration during practise enhances training-related changes
in sensory and association cortical areas during auditory cog-
nition (1), and causes both structural changes in white matter
and functional neuroplasticity, described as a change in the
brain’s interconnected processing. Music may engage and link
up brain areas that otherwise would not connect with each
other (10). There is increasing evidence that music making
could be a possible tool in neurologic rehabilitation (1,11,12).

Traumatic brain injury (TBI) has been recognised as a major
public health problem worldwide and can lead to neurological,
physiological, cognitive, psychological and social dysfunction
(13). TBI is traditionally classified from mild to moderate to
severe (14). A study of hospital-treated TBI in Oslo, Norway,
reported 9000 TBI patients hospitalised every year. A total of
79–90% of all treated brain injuries are mild (13,14). Milder
injuries may however be underestimated. In studies that based
their incidence rates on hospital-treated TBI, revealed that
fewer patients with mild TBI attend emergency departments
and more patients are treated in outpatient settings (15,16).
This means that the number of TBI patients diagnosed with
mild TBI might be higher. Milder injuries to the head may
cause microscopic damage to axons, dendrites and synapses.
Diffuse axonal injury (DAI) is a typical brain damage as result
of TBI. DAI is a widespread disruption of brain tissue and
affects interconnected processing in the brain (17). This cate-
gory of patients with TBI are often inhibited from normal
functioning and may benefit from music-supported cognitive
rehabilitation as they can employ their rest capacity in playing
an instrument in facilitating neurorehabilitation.

There is little knowledge about the potential neuroplastic
changes induced by musical training in cognitive rehabilita-
tion of patients with TBI. The scientific evidence for effec-
tiveness of music to improve cognition (18) is weak and
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there are no studies examining the improved functions over
time (3). In contrast, there is extensive research confirming
the benefits of music-supported therapy in other areas of
neurologic music therapy. In patients with non-fluent apha-
sia after left frontal lobe damage there is reactivation of
inhibited language-related brain regions in right prefrontal
areas after intense melodic intonation therapy (19). Results
from motor-rehabilitation in stroke patients give evidence
for music-supported plasticity in cortical networks
(3,4,12,20). Patients with Parkinson’s Disease have stabi-
lised and synchronised their disturbed gait with the help
of external auditory rhythm (21).

The aim of the present study is to investigate the
effects of musical training on the brain’s neural networks
in respect of reorganising neural circuits and thereby
restore cognitive functions in patients suffering from cog-
nitive deficits after mild TBI. We address the question if
learning to play an instrument may stimulate the neural
networks in re-routing neural connections and link up
inhibited neural networks. More specifically, we examined
whether this intervention reconnects areas that were dis-
connected or inhibited through minor damage to axons,
dendrites or synapses. We developed a longitudinal design
that enabled us to observe the causal influence of multi-
sensory training on higher-order auditory cognition and
possible functional and structural changes in the brain’s
neural networks.

Methods

Participants

Three groups of participants were recruited for the study:
Group 1: 7 patients with mTBI receiving piano tuition;

Group 2: control group of 11 healthy participants with
music; Group 3: control group of 12 healthy participants
without music. Musicians were excluded in avoiding the pos-
sible confounding variable regarding neural brain differences
in musicians and non-musicians (23). Participant’s gender
and age distribution: Group 1: 4 male (m) and 3 female (f),
mean age (m.a.) 38 years; Group 2: m = 5 and f = 6, m.a.
33 years; Group 3: m = 4 and f = 7, m.a. 33 years. Patients
with a medical history of psychological problems were
excluded. The patients were recruited by invitation, and
seven patients enrolled. Participants in the two control groups
were recruited by posters located at University of Bergen and
at Haukeland University Hospital Bergen. Participants
received detailed information about the aim of the study,
assessment with pre–post fMRI and neuropsychological tests
and signed a written consent with information that they can
withdraw from the study at any time.

Patients – clinical data

All patients were diagnosed mild traumatic injury (mTBI), as
indicated by the Rivermead Post Concussion Symptoms
Questionnaire (RPQ) (Table 1). Inclusion criteria was 2
years post injury to omit self-recovery in the acute phase.

Procedures

Study design

We designed a between-group as well as a longitudinal
within-subject design. Group 1 and Group 2 were examined
pre–post intervention and, Group 3 was examined twice with-
out any intervention in between. Assessment consisted of a
neuropsychological test battery and neuroimaging. Semi-
structured interviews pre-post were conducted in Group 1 to
investigate their subjective opinion of cognitive performance
and social interaction pre–post intervention.

Piano training protocol

Eight-weeks piano-tuition programme was developed and car-
ried out by BV (22) based on knowledge from a case study in
which a patient with music alexia (memory loss of reading
musical notation) following mTBI recovered after some month
of regular piano playing. The patient, a pianist, lost the ability to
read musical notation following mTBI. Two years after the
accident, still unable to read music and with persistent cognitive
impairment she started to denote a score (a written piece of
music), by playing what she knew from memory and at the
same time look at the score. During this process, she re-learned
the notes and improved her cognitive performance in general.
The methodology has been modified to fit the present interven-
tion in reference to repertoire, intervention length and structured
practise instructions. The curriculum focused on reinforcement
of learned material as repetition is one of the factors for possible
generating of new neural connections in the brain. Repertoire
consisted of small tutorial pieces with progression as described in
the appendix. The methodology was to apply both hands simul-
taneously from the start developing equal motor-movements of
both hands to stimulate inter-hemispheric coordination of
motor areas. Playing the piano activates the whole brain as
musical elements as pitch, rhythm, melody are processed in
different parts of the brain. Further, reading and playing single
notes with one handwhile at the same time read and play a chord
with the other hand, will cause increased inter-hemispheric com-
munication and coordination, as single notes are mainly pro-
cessed in the left hemisphere, whereas chords are perceived as
patterns and therefore predominantly activates the right hemi-
sphere (23). Sight-reading a score during performance adds a
considerable cognitive load (24). The participants received two
lessons a 30minutes per weekwith instructor scheduled two days
apart with instructions to practise aminimumof 15minutes each
day of theweek. Participants in bothmusic groups filled in a form
of daily practising time. Group 1 was instructed to report any
problems in reference to physical symptoms, such as fatigue,
headache, dizziness, blurred vision during practising.

Neuropsychological tests

A test battery of three different neuropsychological tests was
applied during the pre–post examinations of the participants
containing: Mini Mental Status Test (MMS), California Verbal
Learning Test (CVLT 2), which assesses learning strategies,
memorisation and retrieval of information, and Stroop Word/
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Colour Test for assessing reading speed and attention and
ability to switch attention. Data were analysed with a 3
(group) × 2 (repetition) repeated-measure ANOVA model,
using SPSS 22 (www.ibm.com).

fMRI scanning session

Functional and structural MRI scans were collected pre-post
intervention for all groups. The fMRI investigation took place
at the radiological department, Haukeland University
Hospital, using their 3T General-Electrics Signa MR system.

Besides a high-resolution T1-weighted scan, two task related
fMRI sessions were included in the scanning protocol, where
one task was a pitch-discrimination task and the other one
was a passive listening task to Tonika-Dominant-Tonika
chords, as will be explained further down.

Pitch discrimination task

The pitch discrimination was administered as block design
where participants got the task to judge whether the second of
two tones is higher or lower in pitch than the first one. If the

Table 1. Scores obtained in the rivermead post-concussion symptoms questionnaire (RPQ): a specific 16-item questionnaire that measures cognitive, emotional and
physical symptoms. The patients symptoms during the last 24 hours are compared to before the traumatic brain injury, rating the responses of each item using a 5-
point Likert scale as follows: 0 = not experienced at all; 1 = no more of a problem; 2 = a mild problem; 3 = a moderate problem; and 4 = a severe problem. Hospital
anxiety (a) and depression scale (d) (had) consists of 14 items detecting states of depression (7 items) and anxiety (7 items, rated on a 4-point scale from 0 to 3:00 no
symptoms, and 3 = a severe symptom or symptoms most of the time. The Glasgow Coma Scale (GCS) scores, ranging from 3 to 15, assess the level of consciousness
based on eye, verbal and motor responses. Patients with a GCS score of 13–15 are classified as mild TBI, GCS score of 9–12 as moderate TBI or GCS score of 3–8 as
severe TBI.

Patient
Injury date and date of

examination MRI/CT scan Prior treatment
Intracranial
injury on CT

RPQ
(064)

HAD
(0–42)

GCS
(3–15)

42M Commotio.
12.01.11.
Examination date
10.03.11

Orbit and nose fracture Outpatient
rehab.

No 48 25
A15 D10

15

41F Commotio.
02.12.11
Examination date
05.03.13

N Outpatient
rehab.

No 18 6
A4 D2

15

31M Contusions.
05.06.11
Examination date
22.08.11

Small epidural haematom and contusion bleeds frontal lobe
right side and both temporal lobes

1 month in TBI
Unit

Yes 6 6
A5 D1

14

52F Commotio.
11.03.12
Examination date
30.03.12

Normal (Acach.cyst) Outpatient TBI
Rehab.
4 weeks

No 21 8
A4 D4

14

55F Subdural haematoma
(concervative
management).
09.07.09.
Examination date
07.09.09

Orbit fracture and nose fracture Outpatient TBI
Unit

Yes 10 1
A0 D1

14

30M 1991 and 2012.
08.07.91.
Examination date
01.10.12
Contusions
Frontal and temporal
lobes, subdural
haemotoma
evacuated

MR and CT micro bleeds contusions in frontal and temporal
lobes bilat.

TBI unit
1 month

Yes 28 18
A9D9

Missing
Probably
Severe
TBI.
Intubated
For
approx..
1 week.
PTA
10 days

19M Epidural
haematoma
evacuated.
09.12.11
Examination date
08.01.12

Diffuse
axonal
injury;
Epidural
haematoma
contusions

TBI unit Yes 7 16
A8 D8

15

Table 2. Patient group: Scores pre-post intervention neuropsychological tests including training-time during 8 weeks intervention.

Patient
MMS

Pre-interv.
MMS

Post-interv.
Stroop

Pre-interv.
Stroop

Post-interv.
CVLT 2

Pre-interv.
CVLT2

Post-interv.
Training- time. Total 8 weeks.

Hours plus minutes

42M 28 28 25 33 17 60 7 h 45 min.
41F 30 30 65 59 58 65 36 h 45min
31M 28 30 42 45 60 60 8h
52F 30 30 57 60 54 70 28 h 35 min.
55F 22 30 44 25 32 48 23 h 55 min.
30M 30 30 30 27 62 74 21 h 20 min.
19M 30 30 55 69 60 75 15 h 20 min.
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tone was higher in pitch they should press their right hand
button, if the pitch was lower in pitch they should press their
left hand button. The paradigm was controlled by E-Prime 2.0
Professional (https://pstnet.com) that was programmed to
present the stimuli and to collect the participants’ responses.
During each of the five stimulation blocks 10 trials of tone-
pairs were presented. Each trial started with a reference tone
(440 Hz, duration 500 ms), followed by 500 ms silence, before
the second tone was presented which was either higher
(520 Hz, duration 500 ms) or lower (360 Hz, duration 500
ms) in pitch. The next trial started after addition 2500 ms of
silence. In total, each block lasted 40 seconds. The order of the
stimuli was randomised within each block. To guarantee
correct timing of the stimulus presentation, the start of each
block of trials was triggered by the MR-machine, using a sync-
box. For technical reasons, the responses from in total 10
participants (3 controls with music, 6 controls without
music, 1 patient) are not complete with missing data either
from the pre- or post-session, but never from both sessions.
This was caused by an undiscovered temporary malfunction
of the response device. The participants listened through MR
compatible headphones and were instructed to press a button
as response. This is considered a low level cognitive task
adapted from Zatorre (25) and aims to measure low-level
attention as well as, response latency. The fMRI data were
acquired with an echo-planar imaging (EPI) sequence with
the following parameter: TR 3s, TE 30ms, matrix size 128 ×
128, 30 slices, voxel size 1.72 × 1.72 × 4.4 mm3. The block
design consisted of five blocks with stimulation and five
blocks of rest. Each On–Off block cycle lasted 80 seconds.
In total, 140 EPI volumes were acquired.

Tonika-dominant-tonika task

A passive listening task was designed, containing extracts of
classical and popular Western musical cadence pattern of
Tonika-Dominant-Tonika (TDT) chords based on the first,
the fifth, and the first tone of the scale. The relationships
between individual tones form the basis for a fundamental
aspect of musical processing and recognition of melody and
there is a melodic pattern in Western music activating seman-
tic networks that are important for long-term representation
of familiar tunes (25). Twenty-eight extracts were presented in
an event-related design with varying delays between each
stimulus. The total length of the paradigm was 08:00 minutes,
and stimulus presentation was controlled by E-Prime, as
described above. The length of the single stimuli varied
between 2 and 19 seconds, with a variable delay between
stimuli that varied between 4 and 18 seconds. In total, 160
images were acquired with the same imaging parameter as
described earlier.

fMRI data analysis

Image processing and statistical analyses were performed
using Statistical Parametrical Mapping (SPM12; Wellcome
Department of Cognitive Neurology, London, UK) running
under MATLAB (Mathworks, Inc. Natick, MA, USA). The
preprocessing of the fMRI data contained first a correction of

head movements and movement related distortions (realigned
and unwarp). This process was followed by transforming each
individual brain into a standard space, defined by a template
defined by the Montreal Neurological Institute (MNI). This
was achieved by warping the mean image, created in the first
step, into to the standard space and applying this transforma-
tion to all other images. Finally, the data were smoothed with
a Gaussian filter of 8mm FWHM (full-width at half maxi-
mum). First-level statistical analyses of the two task-related
paradigms were performed by defining a general-linear model
(GLM) for each individual participant and for the two tasks
separately. The GLM model comprised the onsets and dura-
tion of the stimulations, as well as the realignment para-
meters. Contrasts were defined that tested the difference
between stimulation and the rest condition.

Group statistics were performed by using the resulting
contrast images from the first-level analysis. For the two
paradigms separately, a 3 (group) × 2 (repetition) repeated-
measure ANOVA model was defined within the GLM frame-
work to test for averaged effects across groups and repetitions,
main effect of group, main effect of repetition, and for any
interactions. All results were initially explored at a family-wise
error (FWE) corrected threshold of p (FWE) < 0.05. In case of
significant effects, follow-up tests were performed between
Group 1 and Group 2 as 2 (group) × 2 (repetition)
repeated-measure ANOVAs, followed by t-tests.

Ethics

The Regional Ethics Committee of Norway (REK-Vest)
approved the protocol.

Results

Semi-structured interviews – patient group

Patients were interviewed pre-post intervention to receive
subjective information of the individual’s status regarding
cognitive performance and social functioning. The pre-inter-
vention questionnaire was divided into three sections. The
first was questions about the actual accident, hospitalisation,
and if any rehabilitation had been carried out. All patients had
received rehabilitation programme within the national health
service. The second section was in reference to post-concus-
sion symptoms in which they were asked to outline problems
of emotional, behavioural, cognitive and physical signs.
Common problems were fatigue, blurred vision, light sensi-
tive, dizziness, vertigo, headache, sensitive to sound. Some
reported problems in finding words. The third section was
questions about their present work situation. They were either
sick-listed or had part time jobs with adjusted work. Post-
intervention questionnaire were also divided into three sec-
tions. Firstly, how they would describe the intervention. All
patients found the intervention pleasant. However, one
patient did not participate in all lessons because his priorities
were other activities or he forgot to meet up. This was an
open question and had follow up questions about the even-
tually positive and negative effect they experienced during the
8 weeks intervention period. There were no report on negative
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issues, on the contrary, all patients had a positive experience
of the intervention. Secondly, there were questions about
when they noticed any improvements of the problems
reported in the pre-intervention questionnaire. The average
time for improved ability to concentrate and less fatigue was
after four weeks of training. These answers correlated with the
individual training logs where the participants were instructed
to write notes of any changes in cognitive ability and social
functionality. A total of 90% of the participants reported
progressive improvement of both cognitive and social func-
tioning during the remaining four weeks of intervention per-
iod. Six out of seven patients reported improved mental
capacity after the intervention and better function of social
interaction. The third section was about their opinion of a
possible return to work or studies as before the accident. Six
participants (90%) were able to return to their previous
employment as before accident or studies post intervention.

Neuropsychological tests

CVLT 2 test demonstrated a highly significant effect of musi-
cal training on executive functions related to attention, learn-
ing strategies and retrieval of memories in Group 1 and
Group 2. A 3 (group) × 2 (repetition) repeated-measure
ANOVA was performed for the three groups on CVLT and
Stroop Word/Colour test. MMS test has been excluded from
the study because of a ceiling effect of all participants.

The CVLT test revealed no significant but strong trend of a
main effect of group (F (2,26) = 3.15, p = 0.059), but a
significant main effect of repetition (F(2,26) = 35.66,
p < 0.001), and a significant group by repetition interaction
(F (1,26) = 4.067, p = 0.029). Group 1 demonstrated an
increase in performance up to the level of Group 2 and
Group 3, where the patient’s end-point corresponds to the
starting point of Group 2 and Group 3 before the intervention
Figure 1a. Both groups receiving music intervention, Group 1
and Group 2 demonstrated a significant effect of musical
training on performance, as indicated by a post hoc Fisher’s

LSD-test (Group 1: p < 0.001, Group 2, p < 0.001). Group 3
has only the expected 10% increase of learning effect for pre–
post testing, but the differences did not reach significance
(Fisher’s LSD-test p = 0.155). There was no correlation across
Group 1 and Group 2 between the improvement and the total
number of hours, spent for the training (r = −0.436,
p = 0.104).

For the Stroop test, we found a slightly different picture.
There was no significant main effect of groups (F
(2,26) = 0.855, p = 0.437) and no group × repetition interac-
tion (F(2,26) = 1.038, p = 0.368). However, there was a
significant repetition effect (F(1,26) = 4.640, p = 0.041).
Only Group 2 and Group 3 demonstrated a repetition effect,
hence there was no significant effect of training Figure 1b.
Accordingly, there were no correlations between the changes
of the test scores and the total number of hours, spent for the
training (r = −0.302, p = 0.273).

It should be noted that there are only 11 participants in
Group 3 performing neuropsychological tests post-interven-
tion. There was one person in this group unable to attend post
testing.

Functional neuroimaging scans

Pitch discrimination task
To explore the averaged effects of the pitch discrimination
task, mean contrasts across repetitions have been specified for
each group and then summarised as conjunction analysis
across groups. The result indicated a widespread, mostly
bilateral network, comprising supplementary motor area
(SMA), anterior insular, cerebellum, thalamus, putamen,
Heschl’s gyrus/superior temporal gyrus, supramarginal gyrus
(Table 3a. Figure 2). The ANOVA results revealed neither
significant main effects of group or repetition nor a significant
interaction. The response data from this paradigm, which was
a simple reaction time task, have also been analysed with a
repeated-measure ANOVA. The result demonstrated a signif-
icant main effect of repetition (F(1,16) = 5.626 p = 0.031) and

Figure 1. Neuropsychological tests.
Figure displays the results from (a) CVLT and (b) Stroop tests. Error bars denote standard errors. Note that there is a highly significant improvement in the two
training groups for the CVLT test (a), while the Stroop test (b) showed a significant improvement only for control groups, irrespective of training.
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a group by repetition effect (F(2,16) = 4.247, p = 0.033), but
only a strong trend towards a main effect of group (F
(2,16) = 3.409, p = 0.058). These significant effects were
mainly driven by an improved performance of Group 2
(Fisher’s LSD p < 0.001).

Tonika-dominant-tonika task
The conjunction across group averages revealed for the
Tonika-Dominant-Tonika task that this task activated
mainly the left and right auditory cortex (Table 3b,
Figure 3). Further, the ANOVA results revealed no main
effect of group or repetition, but, more importantly, a sig-
nificant group × repetition interaction in the medial orbito-
frontal gyrus [MNIxyz: 10, 24, −20], peak-level: F
(2,51) = 19.82, p(FWE) = 0.016, cluster-level: 2 voxel, p
(FWE) = 0.028. This effect was followed up by a 2 × 2

ANOVA between Group 1 and Group 2. This analysis con-
firmed the previous results with the following statistical
values: [MNIxyz: 10, 24, −22], peak-level: F(1,30) = 40.36, p
(FWE) = 0.020, cluster-level: 7 voxel, p(FWE) = 0.014. A
follow-up, directed t-test indicated that the activation in the
medial orbitofrontal gyrus increased in Group 1, against a
slight decrease in Group 2. It should be noted that there were
12 participants in Group 3 (Figure 3).

Discussion

The results strength the evidence that active training of music
production influence neural activity and cognitive functioning
in both patients but also healthy controls. We found distinct
changes in cognitive performance but also focal changes in
brain activation. Some of these effects appeared only in Group

Table 3. fMRI results for the two conditions as conjunction across group means. Table describes areas of activation in terms of anatomical localisation, MNI
coordinates, as well as t-statistics and cluster size with related FWE corrected p-values.

Localisation MNI coordinates Peak Cluster

Structure Side x y z T-value p(FWE) Size(# voxel) p(FWE)

(a) Pitch discrimination task
Supplementary Motor Area Bilateral −4 2 56 9.32 <0.001 663 <0.001
Operculum, Anterior Insula Left −48 −2 2 7.31 <0.001 138 <0.001
Cerebellum Left −22 −54 −28 7.05 <0.001 339 <0.001
Cerebellum Right 24 −56 −28 6.50 0.001 59 0.001
Thalamus Right 12 −12 0 6.47 0.001 127 <0.001
Heschl’s Gyrus, Superior Temporal Gyrus Left −58 −30 8 6.44 0.001 149 <0.001
Operculum, Anterior Insula Right 50 0 0 6.31 0.001 35 0.004
Heschl’s Gyrus, Superior Temporal Gyrus Right 60 −26 2 6.27 0.001 151 <0.001
Thalamus Left −10 −18 0 5.89 0.004 72 0.001
Supramarginal gyrus Left −46 −40 46 5.67 0.008 45 0.002
Anterior Insula Left −34 12 2 5.63 0.009 23 0.007
Precentral Gyrus Right 52 2 44 5.42 0.018 9 0.017
Superior Temporal Sulcus Right 48 −22 −10 5.39 0.020 9 0.017
Putamen Right 24 12 0 5.29 0.026 11 0.015
(b) Tonika-Dominant-Tonika Task
Heschl’s Gyrus, Superior Temporal Gyrus Right 58 −22 2 7.90 <0.001 591 <0.001
Heschl’s Gyrus, Superior Temporal Gyrus Left −44 −28 8 7.74 <0.001 434 <0.001

Figure 2. Pitch discrimination task.
Figure displays the results from a conjunction across group means, with a threshold of FWE-corrected threshold of p(FWE) <0.05.
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1 and Group 2, others only in Group 2 and Group 3, and
some only in Group 1. The data from neuropsychological tests
pre–post music intervention demonstrated significant
enhancement of cognitive performance in both Group 1 and
Group 2. The results of the CVLT clearly indicated an effect
of musical training on cognitive performance in Group 1 and
Group 2, which was absent in Group 3 (Figure 1a). It is also
important to note that Group 1 had a post-intervention score
that was at a comparable level as the baseline of Group 2 and
Group 3. Hence, the performance improved up to the normal
level. Qualitative data from interviews pre–post in Group 1
supports these results.

The Stroop word/colour test result were a contradiction to
the CVLT result. In the Stroop word/colour test, the Group 1
did not have any increase in score post-intervention and only
Group 2 and Group 3 showed a repetition effect (Figure 1b).
However, one has to bear in mind that these two tests mea-
sure different cognitive abilities. CVLT is sensitive in measur-
ing functions as perception, memorisation and retrieval of
information, as well as learning strategies. This test fits well
with the aim of the study to enhance cognitive performance of
patients with memory deficits. By contrast, the Stroop word/
colour test measures tempo as reading speed, switch of atten-
tion, and inhibition, specific cognitive abilities other than
those for the CVLT. Accordingly, the patient’s post-interven-
tion score were highly significant on the CVLT but not on the
Stroop word/colour test. This indicates that the intervention
method promoted a specific effect on the neural networks in
reference to attention, learning strategies and retrieval of
information. Nevertheless, the patient group’s outcome of
the Stroop test was lower than expected. Future studies should
investigate the absence of a transfer effect, to disentangle the
different mechanisms that cause specific changes in some

cognitive functions, while performance in another cognitive
function remains.

For the fMRI data, we do not find any differences in
activation for the pitch discrimination task. However, we do
find a significant improvement of reaction time in Group 2,
reflecting a possible transfer effect of the training that may
also appear in Group 1 if the training would be continued.

More importantly, we found a patient specific change in
the Tonika-Dominant-Tonika task. Group 1 demonstrated a
significant change of activation within the medial orbitofron-
tal cortex (OFC) (Figure 3), which is part of the pre-frontal
cortex. The OFC network regulates higher order cognitive
processing, such as executive functions, including attention,
decision-making, impulse control and social behaviour (26).
This structure has also been associated with the default mode
network (27). The latter notion is supported by the low to
negative BOLD response under task performance in the con-
trols. Moreover, Group 1 demonstrated a normalisation of the
BOLD signal after training, from a strong deactivation before
the training. A normalisation of this activation may indicate a
better interplay with systems of the executive system, or the
so-called extrinsic mode network (27). OFC, in general, has a
widely distributed interconnected neural network to almost all
areas of the brain and has a wide spectrum of functions. For
instance, OFC plays an important role in stimulus-reinforce-
ment associations learning (26,28,29), which is the ability to
associate a sensory stimulus with a (positive) reinforcer. In
this circumstance, auditory, visual, and motor areas are den-
sely interconnected with other prefrontal cortical regions,
reflecting integration for executive motor control, which is
evident in learning to play the piano. OFC’s connectivity to
association cortex is of special interest as this is one of the
most important networks in developing new pathways and

Figure 3. Tonika-dominant-tonika task.
(a) Figure displays the results from a conjunction across group means, with a threshold of FWE-corrected threshold of p(FWE) <0.05.
(b) Figure displays BOLD response and localisation of significant the group × repetition interaction effect (p(FWE) <0.05). For display purpose, the threshold is set to p< 0.001
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emotional associations (10). Neural activity during music
production promotes neural cross activity between music
and non-music brain areas and activates association cortex
by stimulating episodic and semantic memory networks
(10,33).

Although speculative, a possible explanation for the reorgani-
sation of neural networks during musical training may be the
factor of shared neural networks for language/music (30–33).
Association is a key word in explaining how new neural pathways
may be facilitated by interaction of neural networks between
musical cognition and non-musical cognitive functions as brain
areas serving cognition and emotion are overlapping and inter-
connected. Additional information from the literature within cog-
nitive rehabilitation provides evidence that music stimulates
cognition and perception in activating neural networks engaged
in attention by analysing perceptual patterns in music.
Fundamental organisational processes for memory formation in
music have their parallels in temporal chunking principles in non-
musical memory processes (semantic and episodic memory) (34).
Together with Hebbian learning rules, whereby synapses are dri-
ven to change by coherent inputs in a competitive neural network
(9), these four interconnected factors may be the major basic
elements in how music supported interventions may reorganise
a broken brain system.

Conclusion

The key findings of this study are the clear evidence of a causal
relationship betweenmusical training and cognitive improvement,
as well as reorganisation of neural networks. The results demon-
strated significant training-related effects and enhanced cognitive
performance in both music groups. These findings support the
aimof the study to restore cognitive function in patientswith brain
injury and add a novel music-supported intervention within reha-
bilitation of patients with cognitive deficits following mTBI.
Limitation to the study is the small number of participants in the
patient group. Future research may consider the variable of inter-
vention length and practising time, together with increased num-
ber of participants to establish an intervention adapted to future
cognitive rehabilitation programmes for patients with mTBI.
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Appendix

Piano training protocol – 8 weeks.
OBJECTIVES TEACHING MATERIAL: Tuition book: Agnestig,C.B.
AB Carl Gehrmans Musikforlag, Stockholm, Sweden.

Week 1
1.1 «Sound before symbol» Listen to melody played by instructor. Introduce

middle C. Kinaesthetic (motor) movement with both hands with both hands
on middle C.Introduce fingering system. Introduce treble clef and bass clef.

Listen to Twinkle, twinkle little star.
Play without any score on middle C with both hands alternatively.
Write middle C and clefs in work book.

1.2 Repetition of previous session. Including listening to the melody (Twinkle,
twinkle little star). New: Learn to play with second finger (index). Right hand
and left hand.Learn the new notenames: d in treble clef and b in bass clef.

Play without score first, and then play from the book. There are 6 different
pieces applying these first 3 notes.
Write new learned notes in the work book

Week 2
2.1 Repetition of previous session. Reinforcement of 3 notes c-d-b. New:

Introduce note values: Quarter notes, half notes. Singing,clapping/tapping.
New notes: Treble clef e.

Write notes in different constellations and play.
Write new note in work book.

2.2 Repetition of previous session.
New: Bass clef note a.

Write new note in work book. Play pieces with new notes.From no 8 to 14.
Repeat pieces 1–7.

Week 3
3.1 Reinforcement of notation and motor skill. Varying hand movements in

playing the notes in different orders. New:
Barlines and time signature. 2 beats in a bar.

Practise notewriting in work book.

3.2 Play all pieces from 1–14. New: Introduce 3 beats in a bar. Treble clef: f.
Motor skill exercises. Introduce whole note and rests.

Write new note in work book. Play new pieces with new note f in treble clef. No
15–17

Week 4
4.1
Repetition and reinforcement.
New: Bass clef g
Finger-exersises of both hands playing simultaneously from middle C to
treble g and bass f. New: Note value 3 beats.

Write new note in work book. Play new pieces with new note g in bass clef. No
18–21. Practise new note value together with quarter note, half note and whole
note.

4.2
New:repetition sign. New note: Bass clef f.
Sight read small pieces composed by the instructor in order to reinforce the
notes. Individual exercises according to individual problems with sight
reading

Individual work book exercises.
New pieces 22–23.

Week 5
5.1
Repetition and reinforcement of previous learned material
New: Applying both hands simultaneously with chords in left hand and
melody in right hand.

New pieces: 24 and 25.

5.2
New: Dynamics; play piano = soft, play forte = loud.

New pieces: 26–29.

(Continued )
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(Continued).

Week 6
6.1
Repetition of previous material. New note: Bass clef e, d,c
Practise chords in different patterns. New:eight-notes.

New pieces: 30–34
Work book: writing new notes.

6.2
Reinforcement of pieces from no.24–34.

Week 7
7.1 Playing with all notes from bass c up to treble g. New note in treble clef: a.

New handposition.

New piece: 35 and 38
Finger-exercises in right hand. New handposition including treble a.

7.2
Playing pieces no: 33–34-35 and 38

Introduce new piece for next week. Twinkle,twinkle little star.
This piece is a challenge with new handposition.

Week 8
8.1
Practise new piece: Twinkle, twinkle little star.

8.2
Revision of pieces no 33.34,35. Play new piece Twinkle,twinkle little star.

39 easy progressive pieces from beginner’s tutor book is the curriculum.
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