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    From a holistic point of view, Integrative Medicine 

(IM) has been developed worldwide [1]. Music has 

beneficial power to human beings physically and 

psychologically [2]. Authors and colleagues have 

managed various IM activities in the Shikoku Division 

of Integrative Medicine Japan (IMJ) and developed 

music therapy (MT) for years [3,4]. Several recent 

topics concerning MT, piano-playing, brain 

mechanism, and neuroimaging will be described in this 

article [5]. 

 

    A comparative study using EEG was conducted 

among listening to neutral music, happy music, and 

control for 62 subjects [6]. As a result, happy music 

showed the efficacy of reducing anxiety and elevated 

functional connectivity of the right temporal lobe and 

occipital lobe. For brain research, the important 

condition requires three functions, correct sensory 

input, correct processing and determination, and 

output to the correct movement. Regarding this point, 

other cases with impaired dysfunction exist.              

For   example,   Parkinson’s   disease   has   involuntary  
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movements, and cerebral palsy has both contractions 

of flexor and extensor muscles simultaneously. If 

dystonia movement in the hand may be found for a 

pianist, it is difficult to play the piano smoothly [7,8]. 

 

    When playing various music on the piano, most 

pianists do not consider the movement of their fingers, 

in which the movements are almost reflexive [9]. The 

reason would be that the memorized process is 

transformed into an automatic action [10]. The 

function may involve the neural signals from the 

superior parietal lobule to the primary motor area 

(M1) and dorsal premotor cortex, which is called the 

sensory-motor transformations [11] (Fig-1). 

Furthermore, this mechanism also contributes to the 

situation where a pianist can play a new music piece 

smoothly that is encountered first time [12].  

 

 
Fig-1: Various area for sensory-motor transformations in 

the brain function 

 

    During playing the piano, each movement of the 

fingers is a single action of raising, spreading, and 

pushing the keyboard down. However, this 

performance is integrated into a huge and complex 

movement along the time axis using 10 fingers [13]. 

Continuing independent operations in the correct 

order is called "series operation". This is to arrange a 

variety of actions in the correct order along the time 

axis [14]. Such function has been related to a certain 

area in the cerebrum. Its responsive area would be 

mainly the primary motor area (M1) and 

supplementary   motor    area    (SMA,   supplementary  

 

motor cortex) in the frontal lobe [15]. This area can 

contribute to the actual mechanism for complex and 

delicate movement for playing the piano. The function 

is thought to be stocking images of several actions 

together and executing the program in the correct 

order. SMA has been known as the crucial center for 

managing the planning of the program and performing 

the execution during playing the piano and listening to 

the music [16]. Music performance needs combined 

perspectives processing in visual, auditory, spatial, 

motor, and emotional domains. By integrating these 

multimodal factors, the SMA network may construct 

the internal expression of music performance. 

 

    As to the research of finger exercise, the changes in 

the excitability of M1 and SMA were investigated for 28 

normal subjects [15]. The results showed the activity of 

increased M1 and decreased SMA. Consequently, it 

supposes the function of each of MA and SMA. In other 

words, rather strong exercise seems to give M1 

protective efficacy and it gives opposite influence to 

SMA situated just adjacent to M1. SMA can work 

actively when starting new and complex movements, 

but on the other hand, it does not provide remarkable 

function when performing familiar movements one 

after another. Therefore, it is suggested that SMA 

contributes to the piano performance when the finger 

moves like never before in contact with a new music 

piece [16]. From the above, it is considered that SMA 

may have two functions. One is the start and control of 

complicated operations, and in particular, to build a 

program for what kind of operation is performed at 

adequate timing. The second is to switch the 

movement, which is considered to contribute to the 

creation of new complicated movements and 

procedures based on the memory conventionally 

already stored.  

 

    Several recent reports are found concerning the 

function of SMA.  Regarding the research of 

neuroscientific field, investigations of musical 

creativity have brought the involved mechanisms of 

motor regions [17]. They include SMA, premotor 

cortex, posterior inferior frontal gyrus, which seem to 

be implicated for high level capacities concerning 

motor sequencing. As to regular rhythm in music, the 

presence of the background was studied for non-

human primate. By maintaining the rhythm of visual 
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metronome, neural activity of SMA was recorded. SMA 

showed regular rhythmic gamma band bursts (30-

40Hz) suggesting the existence of internal tempo 

center [18]. Consequently, SMA may have a role of 

dynamic metronome for rhythm and clock for total 

time. Regarding the brain mechanism composing 

creative music, comparative study was conducted 

between musicians and non-musicians for measuring 

evoked activation by functional magnetic resonance 

imaging (fMRI) [19]. The results showed that 

musicians revealed larger activation of the SMA, 

dorsolateral prefrontal cortex and anterior cingulate 

cortex. From these, SMA may play a role for the 

expression and activity of musical behavior. Music 

improvisation has been the complex creative behavior. 

Brain activity during improvisation was investigated 

using fMRI [20]. Compared with pre-learned certain 

melody for control piece, music improvisation showed 

stronger node activity in SMA, lateral premotor cortex, 

dorsolateral prefrontal cortex and Broca’s area. 

 

    In summary, recent neuroimaging topics were 

introduced. Among them, SMA seems to be involved in 

the function of beat-based timing, expression and 

activity of musical behavior [21]. Research on music, 

MT, and piano performance from empirical, 

theoretical, and practical perspectives has been 

developed [22]. In the future, it will reduce people's 

mental stress and contribute to happiness of the 

people.  

 

Conflict of Interest 

    The authors have read and approved the final 

version of the manuscript. The authors have no 

conflicts of interest to declare. 

 

References 

[1] Ng JY, Jain A. Complementary and alternative 

medicine mention and recommendations in guidelines 

for anxiety: A systematic review and quality 

assessment. Psychiatry Res. 2022 Mar;309:114388. 

[PMID: 35051879] 

[2] Tobeta B, Bando H. Efficacy of sound treatment for 

better meditation and sleep in music therapy. Int J 

Complement Alt Med. 2021;14(4):192–94. 

[3] Bando H (2021). Cross Modality Leading to Sonic 

Seasoning  with  Music  for  Integrative  Medicine (IM). 

 

Int J Conf Proc. 2021;2(5):ICP.000547. 

[4] Yoshioka A, Nishikiori Y, Bando H (2020) Music 

Therapy Session with Various Elements for Clinical 

Effects and Comfortable Mood. Biomed Sci J. 

2020;2:11. 

[5] Yamashita M, Ohsawa C, Suzuki M, Guo X, 

Sadakata M, Otsuka Y, Asano K, Abe N, Sekiyama K. 

Neural Advantages of Older Musicians Involve the 

Cerebellum: Implications for Healthy Aging Through 

Lifelong Musical Instrument Training. Front Hum 

Neurosci. 2022 Jan 5;15:784026. [PMID: 35069154] 

[6] Huang B, Hao X, Long S, Ding R, Wang J, Liu Y, 

Guo S, Lu J, He M, Yao D. The Benefits of Music 

Listening for Induced State Anxiety: Behavioral and 

Physiological Evidence. Brain Sci. 2021 Oct 

9;11(10):1332. [PMID: 34679397] 

[7] Kita K, Furuya S, Osu R, Sakamoto T, Hanakawa T. 

Aberrant Cerebello-Cortical Connectivity in Pianists 

With Focal Task-Specific Dystonia. Cereb Cortex. 2021 

Aug 26;31(10):4853-63. [PMID: 34013319] 

[8] Lee SH, Sanchez-Ramos J, Murtagh R, Vu T, 

Hardwick D, Carey SL. A Case Report: Using 

Multimodalities to Examine a Professional Pianist with 

Focal Dystonia. InPerspectives in Performing Arts 

Medicine Practice 2020 (pp. 165-178). Springer, Cham. 

[9] Olszewska AM, Gaca M, Herman AM, Jednoróg K, 

Marchewka A. How Musical Training Shapes the Adult 

Brain: Predispositions and Neuroplasticity. Front 

Neurosci. 2021 Mar 10;15:630829. [PMID: 33776638] 

[10] Iorio C, Brattico E, Munk Larsen F, Vuust P, 

Bonetti L. The effect of mental practice on music 

memorization. Psychology of Music. 2022 

Jan;50(1):230-44. 

[11] Zareian B, Zhang Z, Zagha E. Cortical Localization 

of the Sensory-Motor Transformation in a Whisker 

Detection Task in Mice. eNeuro. 2021 Feb 

1;8(1):ENEURO.0004-21.2021. [PMID: 33495240] 

[12] Fasano MC, Glerean E, Gold BP, Sheng D, Sams M, 

Vuust P, Rauschecker JP, Brattico E. Inter-subject 

Similarity of Brain Activity in Expert Musicians After 

Multimodal Learning: A Behavioral and Neuroimaging 

Study on Learning to Play a Piano Sonata. 

Neuroscience. 2020 Aug 10;441:102-16. [PMID: 

32569807] 

[13] Tokgoz S, Aydogdu D, Ilhan B, Sahin Y, Bariseri N, 

Ozturkler BM, Çukur T. Musical mirror-symmetrical 

movement tasks: comparison of rhythm versus 

melody-playing.  Neuroreport.  2020  May 7;31(7):523-

https://pubmed.ncbi.nlm.nih.gov/35051879/
https://pubmed.ncbi.nlm.nih.gov/35069154/
https://pubmed.ncbi.nlm.nih.gov/34679397/
https://pubmed.ncbi.nlm.nih.gov/34013319/
https://pubmed.ncbi.nlm.nih.gov/33776638/
https://pubmed.ncbi.nlm.nih.gov/33495240/
https://pubmed.ncbi.nlm.nih.gov/32569807/


 

Keywords: Integrative Medicine, Music Therapy, Superior Parietal Lobule, Sensory-Motor Transformations, 

Supplementary Motor Area, Piano-Playing 
Manuscript no: 2582-8967-3-7   Volume: 3      Issue: 1       10 

J Health Care and Research 

 

Editorial 

Citation: Bando H, Yoshioka A, Nishikiori Y. Fundamental Sensory and Motor Neural Control in the Brain for the 

Musical Performance. J Health Care and Research. 2022 Mar 26;3(1):7-10. 

 

29. [PMID: 32221114] 

[14] Yang Y. Piano performance and music automatic 

notation algorithm teaching system based on artificial 

intelligence. Mobile Information Systems. 2021 Oct 

19;2021. 

[15] Coco M, Perciavalle V, Cavallari P, Perciavalle V. 

Effects of an Exhaustive Exercise on Motor Skill 

Learning and on the Excitability of Primary Motor 

Cortex and Supplementary Motor Area. Medicine 

(Baltimore). 2016 Mar;95(11):e2978. [PMID: 

26986109] 

[16] Tanaka S, Kirino E. Dynamic Reconfiguration of 

the Supplementary Motor Area Network during 

Imagined Music Performance. Front Hum Neurosci. 

2017 Dec 12;11:606. [PMID: 29311870] 

[17] Bashwiner D, Bacon D. Musical creativity and the 

motor system. Current Opinion in Behavioral Sciences. 

2019 Jun 1;27:146-53. 

[18] Cadena-Valencia J, García-Garibay O, Merchant  

H,   Jazayeri   M,   de   Lafuente  V.    Entrainment   and  

 

maintenance of an internal metronome in 

supplementary motor area. Elife. 2018 Oct 

22;7:e38983. [PMID: 30346275] 

[19] de Aquino MPB, Verdejo-Román J, Pérez-García 

M, Pérez-García P. Different role of the supplementary 

motor area and the insula between musicians and non-

musicians in a controlled musical creativity task. Sci 

Rep. 2019 Sep 10;9(1):13006. [PMID: 31506553] 

[20] Dhakal K, Norgaard M, Adhikari BM, Yun KS, 

Dhamala M. Higher Node Activity with Less Functional 

Connectivity During Musical Improvisation. Brain 

Connect. 2019 Apr;9(3):296-309. [PMID: 30618291] 

[21] Leow LA, Rinchon C, Emerick M, Grahn J. 

Supplementary motor area contributions to rhythm 

perception. bioRxiv. 2021 Jan 1. 

[22] de Witte M, Knapen A, Stams GJ, Moonen X, van 

Hooren S. Development of a music therapy micro-

intervention for stress reduction. The Arts in 

Psychotherapy. 2022 Feb 1;77:101872. 

 

https://pubmed.ncbi.nlm.nih.gov/32221114/
https://pubmed.ncbi.nlm.nih.gov/26986109/
https://pubmed.ncbi.nlm.nih.gov/29311870/
https://pubmed.ncbi.nlm.nih.gov/30346275/
https://pubmed.ncbi.nlm.nih.gov/31506553/
https://pubmed.ncbi.nlm.nih.gov/30618291/

