
Supplemental material  

 

Supplemental Table 1. Characteristics of healthy pianists. 

subject 

 

male/ 

female 

age 

(years)  

age started playing 

(years) 

time spent playing 

(h/day) 

1 m 36 7 4.5 

2 m 25 7 4.5 

3 m 26 5 3.5 

4 f 27 4 4 

5 m 24 8 3 

6 m 38 8 3 

7 m 36 5 4 

8 m 39 5 4 

 
 



Supplemental Table 2. Characteristics of the professional pianists with musician’s 

dystonia. 

patient 

 

 

male/ 

female 

 

age 

(years) 

 

age 

started 

(years) 

time spent 

playing 

(h/day) 

symptoms during playing 

 

 

duration of 

symptoms 

(years) 

pre-

treatment

 

1 m 35 6 3 flexion ring and little finger right 5 physio 

2 m 35 5 3.5 flexion ring finger right 4 physio 

3 m 33 6 3 flexion ring finger right 4 none 

4 f 43 6 3 flexion ring finger right 8 physio 

5 f 26 5 6 flexion ring and little finger right 2 physio 

6 f 24 3 5 flexion ring and little finger right 1 none 

7 m 27 6 4 flexion ring and little finger right 2 physio 

8 m 41 6 3 flexion ring finger right 6 physio 

 

 

 



Supplemental Table 3. Tubiana-Chamagne Scale (TCS) to assess motor impairment in 

musician’s dystonia (Tubiana and Chamagne, 1993). 

0 Unable to play. 

1 Plays several notes but stops because of blockage or lack of facility. 

2 Plays short sequences without rapidity and with unsteady fingering. 

3 Plays easy pieces with restrictions. Rapid sequences stir up problems. 

4 Nearly normal playing but avoids technically difficult passages for fear of motor problems.

5 Normal playing. Return to concert performance.  

 



Supplemental Table 4. Effect of proprioceptive training on clinical scores and self-

assessment in musician’s dystonia 

 Clinical scores Self assessment 

 

BFM* 

 

TCS 

 

VAS (change of 

performance) 

VAS (impairment) 

   

patient before after before after (after-before) before

immediately 

after 

6hours 

after 

24hours 

after 

1 2 1 3 4 +2 3 2 2 2 

2 3 1 2 3 +3 4 2 2 3 

3 2 1 2 3 +3 3 1 1 3 

4 3 2 2 3 +2 4 3 3 3 

5 3 1 3 4 +1 4 1 2 2 

6 2 1 2 4 +2 3 1 2 2 

7 3 1 2 4 +1 4 2 3 2 

8 3 1 2 3 + 2 5 2 3 4 

BFM  all patients scored 1 (dystonia only on particular actions) on the movement scale 
BFM*  severity scale for the arm 
TCS  Tubiana-Chamagne Scale 
 

 

Supplemental Table 4. The left set of colums show the results of the clinical scores taken before 

and immediately after proprioceptive training. All patients scored 1 (dystonia on particular 

actions only) on the BFM movement scale since the patients’ symptoms were task-specific to 

piano playing.  The scoring in the BFM severity scale was therefore based on piano performance. 

The mean score on the BFM severity scale improved significantly from 3 (2.67  ± 0.17)  to 1 (1.22 

± 0.15) after the proprioceptive training (Wilcoxon´s test; p=0.001). Similarly, the TCS score 

improved significantly from 2 (2.44 ± 0.18; short sequences without rapidity and unsteady fingering) 



at baseline to 4 (3.56 ± 0.18; plays easy pieces with restrictions; rapid sequences stir up problems) 

after proprioceptive training (Wilcoxon´s test; p=0.007) 

The right set of columns display the results of the patients’ self-assessment obtained with the 

visual-analogue-scale (VAS). All musician’s dystonia patients reported to have perceived an 

immediate improvement of their piano performance after proprioceptive training. On the VAS 

(change of performance scale) the mean improvement was + 2.0 ± 0.24 (“moderately improved”). 

On the VAS (impairment), the musician’s dystonia patients rated their performance as 3.9 ± 0.3 

(severe impairment) before the training. This score was significantly reduced to 1.9 ± 0.3 (mild 

impairment) immediately after (Wilcoxon´s test; p=0.003), to 2.4 ± 0.3 six hours (Wilcoxon´s test; 

p=0.02) and to 2.8 ± 0.3 24 hours (Wilcoxon’s test; p=0.042) after the proprioceptive training.  

 
 
 
 



Supplemental figure 1.  

 
 
 
 
Supplemental figure 1. Visual analogue scales (VAS) used for the subjective assessment of 

piano performance and level of impairment while playing.   

All subjects and patients were asked to assess their perceived change in performance in the five-

finger exercise after proprioceptive training compared with baseline performance (A; VAS 

(change of performance). The items were scaled with 0 (no change) to -3 (strongly worsened) 

and +3 (strongly improved).  

All patients were asked to score their perceived level of impairment immediately after they 

played the five-finger exercise on the piano (B; VAS (impairment)). For analysis, the items were 

scaled from 0 (none) to 6 (absolute impairment). 



Supplemental figure 2. Experimental protocol and session timeline.   

 
 

Supplemental figure 2. Experimental protocol and session timeline.   

At the start of the experiments all participants performed the five-finger exercise on the MIDI 

piano, after which the musician’s dystonia patients were asked to subjectively assess their level 

of impairment on the VAS (impairment) and the experimenter scored their hand motor 

impairment on the BFM and TCS scores.  Then, the participants were prepared for the TMS 

experiment and baseline SMO was recorded. Following this, proprioceptive training was 



performed for 15min, and after a break of 10min, the SMO was recorded again. After a further 

break of 15min, during which the EMG electrodes were removed, the participants were asked to 

perform the piano exercise again. All participants then rated their performance on the VAS 

(change of performance), and additionally, musician’s dystonia patients on the VAS 

(impairment). The patients were then asked to continue playing at home some repertoire of their 

choice, to repeat the five-finger exercise and their self-rating via VAS (impairment) 6 hours and 

24 hours after the end of proprioceptive training and to report back via telephone.    



Supplemental figure 3.   

 

 

Supplemental figure 3.  The duration of key press (A,C; left column) and the coefficient of 

variance of the duration of keypress (B,D; right column) for each finger movement of the test 

sequence, distinguishing between parts of the cycle when the finger was used in the ascending 

portion of the scale (thumb → index → middle → ring → little finger) or the descending portion 

(little finger → ring → middle → index → thumb). Subjects were asked to play legato mezzoforte.  



The data obtained in healthy subjects (HS, black), healthy musicians (HM; blue) and musician’s 

dystonia (MD; red) before (A,B; upper panels) and after (C,D; lower panels) the proprioceptive 

training was given. E displays the mean coefficient of variance averaged over all finger movements 

before (left column) and after (right column) the proprioceptive training in healthy subjects (HS), 

healthy musicians (HM) and musician’s dystonia (MD). Statistical results of paired t-tests comparing 

the data obtained before and after proprioceptive training are given.   

 



Supplemental figure 4. 

 

 

Supplemental figure 4. The duration of key press and the coefficient of variance of the duration of 

key press while subjects were asked to play legato pianissimo. For further details refer to the legend 

of supplemental figure 3 since the layout is similar.  

 



Supplemental figure 5. 

 

 

Supplemental figure 5. Behavioural data acquired during proprioceptive training displayed as 

percentage of mistakes (± SE) made per discrimination condition (no change; 12.5Hz, 7.5Hz and 

2.5Hz difference to baseline frequency) in each of the three randomly stimulated hand muscles. 

In all groups, discrimination was more difficult when there were smaller differences to the 

baseline vibration frequency; furthermore, there appear to be clear differences between the 

groups, with healthy musicians performing best and musician’s dystonia performing worst in this 

task. Within each group, there was no significant interaction of the factors MUSCLE and 

FREQUENCY DIFFERENCE in the two-way ANOVAs, however the factor FREQUENCY 

DIFFERENCE always had a significant main effect (F(3;15)>6.1; p<0.006) which indicates that 

the discrimination ability depended on the frequency difference but not on the muscle the 

vibration was applied to. The between-group analysis, performed with three-way ANOVA using 

MUSCLE and FREQUENCY DIFFERENCE as within-group factors and healthy subjects and 

healthy musicians (HS/HM) or healthy musicians and musician’s dystonia (HM/MD) as 

between-group factors, revealed no significant interactions; however, there were significant main 

effects for the between-group factors HS/HM (F(1;10)=10.9;p<0008) and HM/MD 

(F(1;13)=12.6;p<0.003), showing that musician’s dystonia and also healthy subjects performed 

significantly worse than healthy musicians, independent of the muscle to which the vibration was 

applied. There was no significant correlation of the individuals’ discrimination ability with either 

piano performance or SMO data (t-test; p > 0.08).  


