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n  Introduction 
n Why Music? 
n Music as a powerful driver of brain plasticity  
n Topics of the Seminar – some “teasers”  

Structure 



What is difficult in making music? 
 
 



Society: 
presumed  
expectations 
of audience 
controlability 
My future! 

  Reproduction: 
predefined 

temporo-spatial 
 constraints 

High memory  
demands  

„Error-culture“ 

Movement: Complexity, speed of motor 
executive functions without an upper limit 
under rigorous control of the auditory system 

Playing a Concert 

Emotions: joy, chills, anxiety 
artistic dedication 



Society: 
My future! 
Inner Peace: 
Serotonin 
Connectedness 
Oxytocin 

  Reproduction: 
 

Arousal: 
Adrenalin 

Noradrenalin 

Movement: Repetitive long term practice, 
behavioral shaping, temporo-spatial precision 

Playing a Concert 

Emotions: Joy: Dopamin, 
Endorphins, Fear: HPA-Axis 



Psychological Review 100, 1993 

 Practice is a prerequisite for excellence:   
10 years - 10000 hours-rule of expertise 



Clearly: Quality of practice plays a role 



Brain regions demonstrating a positive correlation between musical expertise and  
enlargement of grey matter volume  
20 Musicians,  20 Amateurs, 40 non-Musicians (only male) 

Differences in Grey matter in Musicians 
(Voxel-Based-Morphometry, Gaser und Schlaug 2003) 



Making Music as a powerful driver of 
neuroplasticity 

Felix Klieser, 17 years old: 
Sporadic Amelia  
..always wanted to play horn! 

Mozart: 
Concerto for 
French Horn  

Thomas Münte 
Bahram Muhammadi 

Daniel Scholz 

Scholz, D. et al. in preparation,  



Toe 1 
Toe 3 

Toe 5 

The sensory motor toe-representation of the  
left! foot of Felix! 
 
 



Probabilistic Tractography of the motor  
tracts during plantar-flexion  

Controls right                    Controls left 

Felix right                               Felix left 

Scholz D, Münte TF, Mohammadi B,  Altenmüller E, in preparation  



Obviously, things are complex: 
it seems that inverse „metaplasticity“ plays a role: 
 
Early optimization! (see also work of V. Penhune et al.) 

The Hannover – Barcelona Study with 
Lucia Vaquero, Karl Hartmann, Nuria Rojo  
Thomas Münte, Bahram Mohammadi and Antoni Rodriguez-Fornells 
 
Methods: Voxel based morphometry and tensor based morphometry 
 
Really outstanding pianists, half of them started before age 6,5 



....but it is not so simple.  
Signs of early economization 

Vacquero et al. NeuroImage 2016 



Early start of musical skill acquisition  (before age 6,5)  

Late start of musical skill acquisition (after age 6,5) 

Genetics 
Sensory-motor 
skills 
Motivation 
Executive functions 
Training 
Self-management 
Pedagogical skills 
 

Age dependent  
cessation of 
daily practice 

Maintenance &  
Improvement  
of skills (daily 
practice) 

4 - 6,5 years       6,5 -16 years      17 years – late adulthood    senescence 

Sk
ill

 le
ve

l 

Boosting of the 
effects of 
neuroplasticity 
during pre-
adolescence and 
adolescence 

A model of acquisition of skilled movements  



1.) Efficiency of Synapses 
 
2.) Recruitment of Neurons 
 
3.) Amount of Synapses 
 
4.) Amount and size of Dendrites 
 
5.) Amount and size of Neurons  
 
6.) Degree of Myelination  
      
7.) Interaction with glial  
      tissue and capillarisation of      
      brain tissue 
 
 

Dendrites 

Nucleus 

Myelin cell 
 

Axon 

Synapses 

Music making is a strong stimulus  
for Neuroplasticity: 
 Plasticity: 

Functional and structural adaptation 
of the nervous system to (extensive)  
processing of relevant (mostly 
complex) stimuli 

time 

S
econds  M

inutes    D
ays    W

eeks   M
onths 



What drives these plastic changes? 
 
 

Complex and relevant Stimuli 

Frequent Stimulation 

Proper Duration of Stimulation 

Consistency without being boring 

Attention and Arousal (adrenalin and serotonin)  

Motivation and Reward (dopamin and endorphins) 

Sense of meaningfulness (oxitocin) 



1.  Start of „professional activity“  during childhood                   
(Self definition through musicianship) 

2.  Activity linked to pleasure and strong emotions 
(Anxieties when professional activity seems 
compromised  

3.  Working at mental and physical limits                       
(Minimal deficits have negative impact on performance) 

4.  Controllability of activities through the auditory system 
(Extremely high societal pressures) 

5.  Frequently unfavorable ergonomics                     
(heightened prevalence of overuse and pain-syndromes) 

Five „specialties“ in musician‘s medicine 



 

 
   What kind of patients do we see?                  
   1994-2017: 11916 Patients 

 
60% Pain syndromes (mostly playing related 
 “myofacial” chronic pain) 
 
14% Movements disorders (mostly focal Dystonia, but 

 also focal Tremor, PD, HC, rare MD) 
  

6%   Nerve compression syndromes 
  
3 %    Other neurological disorders 

  
8 %  Anxiety disorders (mostly performance related) 
4 %  Hand–Surgery patients    
5 %  Others (Oto-Rhino-Laryngology, Psychiatry etc. ) 



 
 
 
 
 
 
 
 
 

What is his problem?  



Pain-Mechanisms in the „Overuse-Syndrome“ 

•  local inflammation including 
•  release of pain mediators 

Overuse of the musculoskeletal system causes  

The kinin system is a group of proteins ,  
which ultimately produce the nonapeptide bradykinin.  
Bradykinin (released from blood vessels and damaged tissue)  
increases vascular permeability, dilates  
blood vessels, contracts non-vascular smooth muscle,  
and causes pain. Bee venom is largely bradykinin.  
 
Serotonin (in platelets): Serotonin is also capable of  
increasing vascular permeability, dilating capillaries  
and producing contraction of nonvascular smooth muscle 
 
 
Prostaglandins have a wide variety of actions but most  
cause muscular constriction and inflammation. Other  
effects can be calcium movement, hormone regulation  
and cell growth control. Thromboxane is created in  
platelets and causes vasular constriction and platelet  
aggregation. Prostacyclin comes from cells in the  
blood vessel walls and is antagonistic to thromboxane 
Prostaglandin was first isolated from seminal fluid in 
 1936, they were believed to have been added from  
the prostate 
 
Both C fibers and Aδ fibers are part of the  
sensory-somatic branch of the peripheral nervous system.  
Their axons pass into the dorsal root ganglion, where their  
cell body is located, and then on in to the gray matter of the  
spinal cord where they synapse with interneurons.  
Several different neurotransmitters have been implicated  
in pain pathways. Two of them: Glutamate. This seems  
to be the dominant neurotransmitter when the threshold  
to pain is first crossed. It is associated with acute ("good")  
pain. Substance P. This peptide (containing 11 amino acids) 
 is released by C fibers. It is associated with intense, persistent, 
 chronic - thus "bad" - pain(has local vasodilatory effects) 
 
hyperemia. Increased blood supply 
 

Symptoms: •  swelling 
•  redness 
•  heat 
•  impaired function 
•  pain 



Muscle 

Tendon 
Pain mediators 

Spinal cord 

Neuron 

Motoneuron 

Vicious  
circle 

Threatening 
experience 

Chronification of pain: 
Persisting neuronal signals 

↓ 
 1) Down-regulation of pain    
     threshold 

2) Association: Instrument = Pain 

3) Impression of disaster 

4) relieving posture, 
    restricted  
    movement 
    patterns 

Perception of pain 
depending on: 
•  attention 
•  mood 
•  hormons 



Vicious  
circle 

Recovery: 

1) Understand the mechanism 

2) Up-regulation of pain threshold (swimming...) 
3) Learn to play music without pain 

Turkish pianist loved snow and made 
snowman  

4) Practice Strategies 
 Mental Practice - Pedagogy 

5) physical therapy 

6) physiotherapy, body awareness 

7) medication 

8) detect and avoid external triggers 
 - problems with the instrument 
 - manual strain in everyday life 
 - schedule overload 
 - psychological strains, social situation 



     Musician‘s Dystonia 
 
 
Musicians‘ Dystonia  
is a loss of motor control 
of skilled movements necessary 
for instrumental playing 
 
Prevalence amongst 
musicians: 1-2 % 
However: Large “dark number” 
 
 
Prevalence other hand- dystonias: 
0,08%-0,004% 
 
It is still an unresolved problem. 
It remains difficult to treat. 
It is highly disabling. 
 
 

Work conducted together  
with Dr. Andre Lee 



Investigating music performance with the 
background of our work in the outpatient 
clinic of the Institute of... in Hannover. 

 
One of the most difficult/challenging 
aspects in musicians medicine is the 
treatment of musicians who are suffering 
from focal dystonia. 
 
Definition FD (neurological disorder, loss 
of vol motor control in highly trained 
movements, curling in/ over-extension of 
fingers, painless, task-specific)  
 
One of the famous patients with focal 
dystonia was R. Schumann who 
developed FD when he was 21 years old 
and had to give up his plans to become a 
pianist. 
 
Video pt 1 same type of FD which 
Schumann had 

Some motor disturbances are very 
subtle and even temporary 
 
Schumann’s disease! 

Schumanns‘ symptoms……….and his strategy to overcome 
Aus:  Altenmüller 2006 in: Altenmüller et al. Oxford University Press 



What is “Embouchure Dystonia”?  

Real-time MRI 
30 „frames per second“ 
 
Jens Frahm, 
Eckart Altenmüller, 
Peter Iltis, Erwin Schoonderwaldt 
MPI für Biophysikalische Chemie, 
Göttingen 



Berliner Philharmoniker          Patient with Dystonia 
 
Iltis et al. Medical Problems of Performing Artists 2016 

Embouchure Dystonia 



    Risk factors: short summary 
      (n = 356 musicians with dystonia) : 
 
Classical musicians:    84 % 
Males:      78 % 
Young:  start prior age 40    85 % 
Soloists:      51 % 
 
Certain instruments: Guitar>Piano>Flute 
Speed and accuracy of movements 
Anxiety and exaggerated perfectionism 
Late start of training (older than 9 years) 
Unfavourable biomechanics and chronic pain 
Genetics (35% of musicians) 
 N= 356, Lee et al. Parkins. Relat. Disord, in press 2018 



From: 
Elbert T, Candia V, 
Altenmüller E. and 
Pantev  C, et. al.  
NeuroReport 1998 
9: 3571-3575 
 
Modified in: 
Münte TF, Altenmüller 
E, Jähnke, L, 
Nat. Neurosc. Rev. 
2002, 3: 473-478 

Blurring of sensory-motor “representations” in the  
brain may be one possible cause of focal dystonia    



Blurring of sensory-motor “representations” in the  
brain may be due to lack of lateral inhibition    

Inhibition is crucial 
for motor control 



Blurring of sensory-motor “representations” in the  
brain may be due to lack of lateral inhibition    

Effects of plasticity  



Altenmüller, Ioannou, Raab, Lobinger 2014, Progress in Motor Control,   



Treatment Options in Musicians 
with Motor Disturbances 

Pharmacology,  
e.g. 
Trihexiphenidyl 

Botox- 
Injections 

„Sensorimotor 
Retuning“ 

e.g. V. Candia,  
e.g. K. Zeuner 

Ergonomic   
Adaptations 

 
 
 

Sensory Tricks 

Pedagogical  
„Retraining“   

Electrophysiological 
Stimulation 



Where would you  inject? 

Before           After 



Task: In-phase bimanual finger movements 
dystonic intact 

Prof. Shinichi Furuya 

tDCS with bihemispheric stimulation: 
anodal: depolarizing – cathodal: hyperpolarizing  



tDCS therapy 

Before After 



 
 
 
 
 
 
 
 
 

•   Joy of Music Making – for everybody  

•   Full development of the individual‘s artistic potentials 

•   Knowledge of the bodily and mental basis of Music making 

•   Prevention of unnecessary stressors 

•   Dealing with unavoidable stressors 

•   Improvement of working conditions for musicians 

•   Best treatment of diseased Musicians 

•   Establishment of „culture of knowledge“ 

•   Networks – networks - networks 

Why do we need Music Physioloy  and  
Musicians Medicine? 
We want to support:  

 



 
 
 
 
 
 
 
 
 

     Prevention in Music Academies 
 
 
25%        of beginner students start their studies with pain         
               deteriorating their performance 
 
68-88%   of music students have at least once during their        
               studies medical problems caused by music making 
 
45%       of music students seek professional help because of 
               these medical conditions 
 
 
 
 
From: Spahn C. et al. 2002, 2004, MPPA  



Teaching  
activities 

Outpatient 
Clinic 

Research 
programs 



Lecture:  
Music Physiology 

Feldenkrais 

External 
Physiotherapy 

Stage fright 
coaching 

Outpatient clinic for  
music students 

Mental 
Training 

Breathing-/ Voice- 
Speech education 

Counseling 

Yoga  
body awareness 

External: Sports/ 
Psychological Counseling 

Health Program  
for Music Students 

concept 
Winter-Term   
2016/2017 

Auditions-Training 



 1 

DIE KÖRPERLICHEN UND GEISTIGEN GRUNDLAGEN DES 

MUSIZIERENS 
 
(Prof. Dr. med. Altenmüller, Dr. med. Andre Lee)  
 
17. 10. Einführung in das Fachgebiet und körperliche Grundlagen des Musizierens 
   
24. 10. Muskeln, Nerven, Sehnenscheidenprobleme 
    
31. 10. Sensibilität und Körperwahrnehmung  
 
  7. 11. Muskelphysiologie und Trainingseffekte durch Übung 
    
14. 11.  Senso-Motorik bei Musikern  
 
21. 11.  Senso-Motorisches Lernen bei Musikern 
 
28. 11.  Mentales Üben 
  
  5. 12.  Übetechniken  
 
12. 12.  Schmerzen beim Üben: Ursachen, Vorbeugung und Behandlung   
   
29. 12.  Physiologie des Gehörs 
     
  9. 1.    Ursachen und Vorbeugung von Gehörschäden bei Musikern  
   
16. 1.    Psychologie für Musiker – Selbstvertrauen, Wettbewerb und Ängste  
 
23. 1.   Lampenfieber: Ursachen 
 
30. 1.    Lampenfieber: Vorbeugung und Behandlung  
 
  6. 2.    Klausur (wird benotet und ist Grundlage der Abtestate)  
 
13. 2.   Schlußbesprechung: die 10 Weisheiten zum Semesterabschluß 
 

Practice strategies 



Gesundheit der HMTMH-Studierenden 

4
1 

n  Online-Befragung von n=74 Musikstudierenden der HMTMH im zum Studienbeginn  
im Oktober 2017 (62% weiblich, Ø 19,9 Jahre) 

n  Rücklauf aktuell: 60,7% 
n  als Kohortenstudie über 3 Jahre geplant 

 
 
 
 
 
 

– Von Dur nach Moll • 
Herrenhausen Late • 16. 
November 2017 –  



Physische Beschwerden 

4
2 

(n=67-68) 

– Von Dur nach Moll • 
Herrenhausen Late • 16. 
November 2017 –  



Frequency of back pain:  
Music students (n = 217 ) 

 Gräser S, Jabusch HC, Altenmüller E 2004 



Psychische Beschwerden 

4
4 

(n=64-69) 

– Von Dur nach Moll • 
Herrenhausen Late • 16. 
November 2017 –  



Relation between the amount of daily  
practice trials of skilled finger movements  
and improvement 

(Hettinger et al. Geschicklichkeit und deren Übbarkeit. Z.Arbeitswiss.1975;29:223) 

Zunahme der 
Fingergeschicklichkeit nach 
zweiwöchiger Übung in 
Abhängigkeit von der Zahl der 
Arbeitsbewegungen pro 
Übungseinheit. 



The Penelope-effect 

(Hettinger et al. Geschicklichkeit und deren Übbarkeit. Z.Arbeitswiss.1975;29:223) 

Zunahme der 
Fingergeschicklichkeit nach 
zweiwöchiger Übung in 
Abhängigkeit von der Zahl der 
Arbeitsbewegungen pro 
Übungseinheit. 



John Williams Waterhouse: Penelope and the suitors (1912) 



Reasons for Deterioration 
 
1.) Loss of motivation  
2.) Loss of attention 
3.) Fatigue of the muscles 
  

Conclusion: 
 
Try not to practice un-attentively 
Try not to practice when fatigued 
 Include pauses in your practice schedule 
 Organize your practice schedule interestingly 



The Penelope-effect 

(Hettinger et al. Geschicklichkeit und deren Übbarkeit. Z.Arbeitswiss.1975;29:223) 

Zunahme der 
Fingergeschicklichkeit nach 
zweiwöchiger Übung in 
Abhängigkeit von der Zahl der 
Arbeitsbewegungen pro 
Übungseinheit. 

Teach the art to stop  
practicing in the right moment 



What is mental practice 
 
 In the broad sense of the word: 

 
Improvement of skill without physically playing 
through:  
 
1.) observation 
2.) pauses 
3.) sleep 
4.) undirected reasoning about the piece 
 
In the narrow sense of the world: 
 
A practice method in which performance of the task is 
 imagined or visualised without overt physical practice 



Experienced Mental Training: 
30 minutes only reading Scarlatti 







       Summary: 
 

1.) Prevention starts with the first lesson  

2.) Here, the most important person is the teacher 

3.) Prevention has to do with personality and work behavior 

4.) Ergonomical changes have preventive value 

5.) Prevention must be taught to music teachers and students 

6.) Strategies of secondary prevention should be known to  

     therapists caring for musicians  






