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ABSTRACT 

 

Focal dystonia is a movement disorder resulting from many repetitions of a specific task, typically 

manifesting as involuntary muscle contractions. In pianists an incoordination occurs between fingers, 

making it impossible to play at concert level. A blurring occurs in the cerebral cortex of the neural 

pathways which govern the independent movement of adjacent fingers. Prognosis is poor, and as it is 

essential for any pianist to have independence of each finger, most sufferers are forced to abandon their 

careers. 

 

The aim of this research was to ascertain whether by remodelling a pianist’s technique and modifying 

habitual movement patterns, pianists with focal dystonia would be able to play again at their former 

level. The methodology employed in this research is novel in that it combines pedagogical method with 

scientific method, without other medical intervention.  

 

Three pianists with focal dystonia participated in an initial retraining programme based on a 

biomechanically sound way of playing with minimal tension. Scale playing and repertoire that was 

difficult because of the dystonia were recorded on video before and after a two-week period of 

retraining. Recorded excerpts were assessed by a professional pianist (Blinded Listener), blinded as to 

which hand was dystonic and whether the playing was pre- or post-retraining. The sound only of 

different scales was assessed  using a Scale-Quality Evaluation (SQE), and a Dystonic Hand 

Identification Evaluation (DHIE), where the listener was asked to identify whether the scale was played 

by a dystonic hand or not. Test-Repertoire segments (TR) were assessed musically and visually, and 

compared with playing prior to the onset of dystonia. 

 

Scale Quality improved with retraining (p<0.0001) in all three pianists in not only the dystonic hand 

but the nondystonic as well, regardless of tempo and key of the scale. Post-retraining, the Blinded 

Listener was no longer able to reliably identify the dystonic hand (p<0.0001). Test Repertoire also 

showed significant improvement (p<0.0001).  

 

Following this initial study the research was further extended with three more subjects, presented as 

case studies: two pianists and a cellist. A similar methodology was used with the first severely affected 

pianist, but using intensive training of five hours per day for two weeks. Her SQE also improved 

significantly (p<0.0001) and also her DHIE (p<0.0001). The study with the second pianist was done 

via the medium of video conferencing. Although less successful, the improvement was still statistically 

significant (p<0.01), showing the possibility of assisting recovery from focal dystonia through distance 
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retraining. The final case study explored the relevance of using similar methodology with a different 

instrument, the cello. The affected cellist had a dystonic vibrato which improved significantly with 

retraining (p<0.0001).  

 

In summary, these data show that by establishing biomechanically ideal movement patterns, retraining 

can successfully improve the symptoms of focal dystonia in pianists, and that this approach may be 

transferable to other instruments. 
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INTRODUCTION 
Music performance at a professional level is one of the most demanding tasks for the human 
central nervous system, It involves the precise execution of fast and, in many instances, 
extremely complex physical movements under continuous auditory feedback. A further aspect 
of music performance concerns the involvement of emotional experiences. (Altenmüller, 2003, 
p. 1) 

Musical performance requires control of strength, pressure, intensity, speed and independence of 

movement, together with the ability to reproduce these exact movements instantaneously when in a 

stressful situation (Rosset-Llobet & Pascual-Leone, 2010).  Piano playing at an advanced level involves 

intensive practice in order to obtain and maintain high-quality performance. It is highly goal-orientated 

and requires numerous repetitions of fine motor coordination skills, which have to be continued and 

maintained throughout the life of a performer (Rosset-Llobet & Pascual-Leone, 2010). 

Since the advent of the recording industry the demands on the musician for total accuracy, while taking 

the risks required in bringing a performance to life, have escalated. There is the perceived need for 

more and more practice to achieve the perfection in a live performance that compares with the 

standards of a compact-disc recording (Altenmüller & Jabusch, 2010).  With the increased competition 

and the demands of the economic climate in the last fifty years, musicians are required to practise 

longer hours and to produce results within shorter time frames than ever before. Children often begin 

their studies before the age of five and are expected to accomplish demanding repertoire at a very 

young age in order to ‘cash in’ on the public’s love of musical prodigies. There is no longer time for 

the step-by-step methodical technical training that was considered the norm a hundred years ago. The 

perceived demand instead is to accomplish the most difficult pieces as soon as possible in order to 

dazzle the audience. As the musical journey continues, pressure to meet these expectations intensifies, 

placing greater and greater demands on the developing musician. His very existence is closely 

entwined with his view of himself as a musician. 

Unless the body maintains movement patterns that are biomechanically sound, the musician is at risk of 

injury (Wilson, Wagner, & Homberg, 1993). A devastating example of this is focal dystonia. Unlike 

occupational overuse syndrome or repetitive strain injury, focal dystonia is usually a painless condition 

which manifests itself in an incoordination or cramping (involuntary flexion or extension) of the 

fingers, making the high level of control required for concert performance impossible (Altenmüller, 

1998; Lim, Altenmüller, & Bradshaw, 2001). It results from highly practised repetitive activities and 

usually affects only one hand, often involving just two or three specific fingers. The fingers can cramp 

or curl under the hand, a dystonic finger may be difficult to lift or may shoot out in an uncontrollable 

way, and fingers simply refuse to obey instruction. It is task-specific (Frucht, 2004; Lim et al., 2001) 

and generally does not influence other unrelated activities, and is absent at rest (Wilson et al., 1993). In 
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pianists, it affects the ability to play scales, trills or passages of semiquavers evenly, and extraneous 

notes sometimes sound with octaves or chords. At first the musician simply notices that the hand is not 

working properly, resulting in a subtle unevenness in fast passages or irregularity of trills, and therefore 

tends to practise harder and harder in an attempt to overcome the difficulty (Altenmüller & Jabusch, 

2010; Wilson et al., 1993). However the more she practises, the worse the symptoms become, until the 

sufferer is forced to abandon playing at a professional level (Frucht, 2009). At this point the musician 

usually seeks medical help but is often misdiagnosed and not understood. 

The prevalence may be as high as one in 100 professional musicians (Altenmüller, 2003; Altenmüller 

& Jabusch, 2009; Jabusch & Altenmüller, 2006), and it is thought that 10,000 performing musicians 

worldwide may be affected (Bronson, 2004). It mostly occurs when musicians have a highly 

established level of performance and is not usually seen during skill acquisition (Charness, Ross, & 

Shefner, 1996). It is more common in males (83%) (Altenmüller, 2003), and is most prevalent in 

pianists and guitarists (Altenmüller, 1998; Lim et al., 2001). In these two instruments focal dystonia 

most commonly affects the right hand, probably because of the specific demands on the right hand in 

both instruments (Frucht, 2004). However, it can also affect brass and wind players, who can lose 

control of their embouchure or find that their fingers stick on the keys. String players can also be 

affected, most commonly by a cramping of the left hand on the fingerboard or by an involuntary 

flexion of the bowing thumb. It is more common in violinists than double bass players, where the 

distance between the fingers is greater (Conti, Pullman, & Frucht, 2008), and it may even occur in the 

playing of one instrument and not in another (Altenmüller, 2003; Tubiana, 2000). The consequences 

are devastating for a musician, as it threatens the identity of the sufferer and often results in the end of a 

performing career (Frucht, 2004; Lim et al., 2001; Schuele & Lederman, 2004). In other walks of life 

focal dystonia is known to affect golfers, where it has been known as the ‘yips’, and it has been seen 

for many years in ‘writer’s cramp’. 

Focal dystonia is thought primarily to be due to a blurring of the digital representations in the cerebral 

cortex (Byl, Merzenich, & Jenkins, 1996; Elbert, 1998). In focal dystonia, the areas in the brain 

responsible for the movement of adjacent fingers have become enlarged, due to overuse, and can 

overlap (Elbert, 1998). The brain’s ability to change during the process of learning a skill is known as 

plasticity. This plasticity of the central nervous system has also been seen in the enlarged areas 

associated with the four fingers of the left hand in violinists, but without the overlapping or smearing 

(Elbert, Pantev, Weinbruch, Rocksmith, & Taub, 1995). Focal dystonia rarely occurs during initial 

developing of instrumental technique but more often when the musician is at the peak of his career, 

indicating that it is not because of the motor learning itself, but rather because the process has become 

corrupted (Frucht, 2004, 2009). It usually occurs after years of practice at the skill of playing an 
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instrument (Candia, Wienbruch, Elbert, Rockstroh, & Ray, 2003), most commonly in the fourth decade 

of life (Altenmüller, 2003; Brandfonbrener, 1995; Jabusch, Zschucke, Schmidt, Schuele, & 

Altenmüller, 2005, p. 219; Lederman, 1991b). The fact that it is possible for most musicians to engage 

in hours of practice at an instrument without problems of this kind means that repetition per se is not 

the cause. This suggests that the cortical alterations seen in focal dystonia may be associated not just 

with overuse but also with misuse. 

Although the pathophysiology of focal dystonia involves the cerebral cortex, my hypothesis is that the 

way the body works at the instrument is pivotal in the development of this condition. Most piano 

pedagogues will stress the need to relax, but without specific instruction as to how it is possible to play 

with minimum tension, this instruction can be misunderstood. 

Technical development often begins with mindless playing of scales, used to ‘warm up’ the fingers. 

However, a ‘warm-up’ is pointless if the body then begins to play in a way that is ‘out of balance’. 

Piano playing at concert level is highly repetitive. A study of a pianist by surgeon Dr. James Paget 

revealed 72 finger movements per second (Critchley, 1977b, p. 366). A Liszt étude can demand 1800 

repetitions per minute (Munte, Altenmuller, & Jancke, 2002), and any professional musician is required 

to play up to 20-30 notes per second (Tubiana, 2000, p. 334). 

Moreover, the complex movements of fingers, arms, and indeed the whole body need to be performed 

with the utmost precision to meet the expectations of the listener. With these demands, it is of 

paramount importance that the whole body works in the most biomechanically efficient way possible. 

If the initial technique was biomechanically faulty or if the technique has gradually moved away from 

this ideal, then such repetitive demands over time may lead to injury (Wilson et al., 1993). 

Treatments that require rest and then a return to the instrument will often result in a recurrence of the 

injury unless biomechanics change, as the body may ‘remember’ the movement pattern that caused the 

injury. In focal dystonia the neurological pathways that have habitually been used may no longer be 

functional, and new pathways may need to be established.  

Traditionally the prognosis for focal dystonia has been poor: for therapy to be successful in helping a 

sufferer to return to the concert platform, virtually 100% recovery is required (Frucht, 2004). In a 

review of 113 musicians seen between 1985 and 2002, Brandfonbrener and Robson (2004) reported 

that no patient had reported symptoms resolving or improving significantly. More encouraging results 

have been reported by Jabusch et al. (2005), with 54% of patients reporting long-term improvement. 

However, very rarely did these treatments result in a return to normal motor control (Jabusch & 
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Altenmüller, 2006). More recently, treatments at the Institut de Fisiologio I Medicina de l’Art-Terrasa 

in Barcelona have reported improvements in 44% out of 89 patients, with 39% reporting complete 

recovery after an average of 15 months (Rosset-Llobet & Fabregas-Molas, 2010, p. 219). However, 

these therapies involve other treatment modalities, and while results have been achieved, methods of 

retraining at the instrument have not been scientifically documented.  

The Research Question 

The aim of this study was to determine whether a specific retraining programme could result in 

improvements in the symptoms of focal dystonia in instrumentalists with this condition. 

The hypothesis was that if physical harmony were achieved in every aspect of the technique, and all 

unnecessary stress was removed, then movement patterns might be freed to change (and presumably to 

activate new neurological pathways). To recover from focal dystonia, the body needs to accept the 

possibility of playing with full independence of every finger, and for this to happen, I believe that the 

pianist must liberate every basic movement from its past learning. All movements should be 

reprogrammed in painstaking detail, so that the brain is deceived into thinking that the pianist is 

developing a new skill, similar to learning to ‘walk’ again. By moving in a different way, it should be 

possible for new neural pathways to be found. It is now widely held that because of the neuroplasticity 

of the brain, changes occur when learning a musical instrument (Elbert et al., 1995; Munte et al., 2002; 

Pascual-Leone, 2001). For recovery from focal dystonia the brain needs to be reorganised through 

learning to play in a different way. With concentrated and focussed repetition of the biomechanically 

most natural movements, gradually these pathways could become the default channel of 

communication, resulting in the return of playing ability. 

Chapter One outlines the historical incidence of focal dystonia, with reference to pianists who have 

suffered from the condition. Chapter Two reviews the literature already published, describing the 

different treatments that have been tried and the scientific understanding of the condition to date. 

Chapter Three covers the principles of piano technique which have evolved since the development of 

the piano as a virtuoso instrument, and includes my view of an ideal pianism.  In Chapter Four the 

methodology describes in detail the specific pianism retraining applied in this research. The method is 

divided into ten distinct steps, with an example of each basic principle shown on video clip.  Quality of 

scales and repertoire were assessed before and after pianism retraining by several rating systems, and 

included assessment by a listener, blinded as to which hand was dystonic and whether they were 

assessing playing pre- or post-retraining.   
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Chapter Five presents the results and statistical analysis of the first three case studies, which together 

showed improvement following the retraining process. All three pianists showed statistically significant 

improvement (p<0.0001), and the results of this initial research were published in the American peer-

reviewed journal Medical Problems of Performing Artists (de Lisle, Speedy, Thompson, & Maurice, 

2006) and have been presented at conferences in London, Nanjing, Porto, Sydney and Aspen. 

Chapters Six to Eight outline the specific case histories of the three subjects, all of whom were known 

to me. Chapter Nine presents the discussion of the results for the study of these three pianists.  

Chapters Ten and Eleven are further case studies on pianists. In Chapter Ten the concept of short-term 

retraining was further developed with a highly motivated semi-professional pianist from Sydney who 

visited me for two weeks of intensive training of five hours per day. Her condition was extremely 

severe, with all fingers of the right hand being affected, but her motivation has ensured that 

improvements have been ongoing. Because of the clarity of the discoveries about the condition through 

this subject, the detailed methodology used in this case study is described in much greater detail in an 

appendix to this chapter with the aid of video clips. 

Chapter Eleven explores the possibility of retraining through the medium of video conferencing. The 

subject was a professional pianist who lives in the United Kingdom and this project was a collaborative 

venture with the Royal College of Music. Results of this study were presented at the International 

Society of Performance Science Conference held in Auckland in December 2009, and have since been 

published in Medical Problems of Performing Artists (de Lisle, Speedy, & Thompson, 2010). The 

symptoms of this subject contrast well with those of the previous case study, and these two case studies 

show the most common problems that emerge from this condition. The fingers of this subject flex 

excessively under the hand, whereas in the subject of  Chapter Ten the visible symptoms are for the 

fingers to extend. Detailed analysis with video clips is also shown in an appendix to this chapter. 

In Chapter Twelve I was presented with a professional cellist who had been diagnosed with focal 

dystonia, which was preventing her from being able to have a consistent vibrato. I began a study to see 

whether the principles of retraining used with the pianists would be beneficial in improving the 

condition of this cellist. This chapter discusses the benefits of child-like learning, and of bilateral 

transfer of learning, using the right arm of the cellist to learn the skill of vibrato from an elementary 

standpoint and transferring this learning to the dystonic arm. 
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Chapter Thirteen presents some of my ideas on preventative measures. Four ‘at-risk’ students are 

analysed and conclusions are drawn as to the warning signs that can be noticed before injury occurs. 

Practical methods of correcting biomechanically dangerous movement patterns are discussed and 

results shown with the aid of video clips. 

Chapter Fourteen discusses the overall findings of my research and suggests practical applications from 

the findings of ways in which retraining can assist rehabilitation from focal dystonia. Critical factors 

shown to be important in the methodology used in this thesis are discussed, as well as prevention 

strategies and  benefits of early intervention. 

Chapter Fifteen draws conclusions from the data presented in this thesis, and suggests  avenues for 

future research. 
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CHAPTER ONE  
HISTORY OF FOCAL DYSTONIA IN PIANISTS 

There are no historical records of focal dystonia prior to the romantic period, when the piano emerged 

as a solo instrument (Wilson, 2000a). Composers such as Liszt and Chopin explored the possibilities of 

the piano, writing more and more technically demanding repertoire (Altenmüller & Jabusch, 2009). 

Performers were challenged by having to play more notes with greater speed and volume than ever 

before, and audiences expected to be dazzled and emotionally moved by staggering feats of extrovert 

playing.  

There are few reports of pain or injury experienced by pianists at this time. Clara Schumann and 

Rachmaninoff are both cited as having suffered chronic pain (Altenmüller & Kopiez, 2010; Hingtgen, 

1999), and Paderewski suffered a playing- related injury in 1891 thought to be due to the heavier action 

of the newly developed Steinway piano (Taylor, 1999). Even Liszt himself describes an incident in a 

letter to Marie d’Agoult where he “almost sprained” his wrist, making it impossible for him to use his 

right hand (Williams, 1998, p. 78). 

Merriman et al. (1986) first identified the pianistic problems suffered by Robert Schumann as possibly 

being due to focal dystonia. Subsequently de Yebenes (1995) and Altenmüller (2005, 2006) have 

published detailed investigations of Schumann’s presumed focal dystonia based on his diaries and 

letters. Through the work of both de Yebenes and Altenmüller, we now have a greater understanding of 

how focal dystonia affected the composer’s life. Although he was a phenomenally talented musician 

and performer, Schumann had been required to study law rather than music and did not have a well-

developed technique. Schumann’s mother agreed to a trial period of six months of study with notable 

pedagogue Friedrich Wieck, after which time his pianistic potential would be assessed. This pressure to 

succeed as well as financial difficulties no doubt made life immensely stressful for Schumann. Wieck 

was determined to turn him into a virtuoso pianist, and prescribed a rigid technical regime that included 

hours of scales and exercises.  

Schumann was a perfectionist and an excessive piano practiser, both of which have been postulated to 

be risk factors for the development of focal dystonia (Jabusch & Altenmüller, 2004). He was not a 

natural performer and suffered from intense stage fright, made worse by his realisation of the superior 

pianism of Wieck’s daughter Clara (Ostwald, 1985, pp. 71, 87). He was also a compulsive worker who 

frequently resorted to the excessive use of alcohol, and was prone to depression, anxiety and self-

criticism (Altenmüller, 2006; Ostwald, 1985, pp. 56-71). 
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His competitive determination to succeed led him to practise between six and seven hours per day, 

sometimes spending five hours at a stretch on finger exercises (Schumann, 1829, cited in Altenmüller, 

2006; Eismann, 1956, cited in Ostwald, 1985). He often practised on a silent keyboard, which he would 

take with him on his travels. Lederman (1999) suggests that this keyboard may have required greater 

finger force and also less than favourable biomechanics, placing greater physical demands on the body. 

Schumann’s first physical problems appeared in his diary in 1830, where he complained of pain in the 

arm and described his finger as feeling numb and weak. In a letter to Agnes Carus he wrote: 

I can’t think of finger exercises and scales any more at all: yes! It came to such a point that 
whenever I had to move (under) my fourth finger, my whole body would twist convulsively; 
and after six minutes of finger exercises I felt the most interminable pain in my arm, in short a 
complete breakdown. (Schumann, 1830, cited in Ostwald, 1985, p. 62) 

In spite of these playing-related problems, Schumann’s obsessive nature led him to work almost 

maniacally at the keyboard: 

Two hours of finger exercises, -ten times the toccata -six times finger exercises -and in the 
evening it just wouldn’t work…angry about it –really deeply. (Schumann, 1830, cited in 
Ostwald, 1985, p. 60)  

Schumann’s diaries of 1831 show an increasing struggle and frustration with his lack of pianistic 

control.  
July 5: If only there will be no relapses! Protect me, my genius and never disappoint me! 
July 9: My dear Robert, don’t lose your courage if it is not flowing and going so well, like the 
last eight days: practise patience, lift your fingers quietly, hold your hand still and play slowly: 
and everything must come back together. 
July 13: The piano didn’t want to work yesterday; it was as if someone was holding me by the 
arm. 
July 21: It has been sincerely miserable on the piano the past days; I cried yesterday with rage. 
August 14: Now I want to proceed in such a manner with my quiet art: since I know where it is, 
it must be reachable; if only I had no fingers and could play with my heart for others! 
(Schumann, 1831, quoted in Altenmüller, 2006, p. 257) 

For a while Schumann managed to play a little by instinctively experimenting with biomechanical 

changes, and adopting the technique of the young pianist and rival of Clara Schumann, Ana Carolina de 

Belleville. She advocated a slightly higher wrist, which helped to relax the digital flexors and reduced 

movement within the hand. Finger strength was obtained by using greater thrust from the shoulders (de 

Yebenes, 1995). This resulted in short-term relief, and Schumann wrote on 31 October, 1831: 
It is going quite well at the piano, excellently in the past few days: The flexibility is shocking 
and the tunes are flowing and progressing as in old times… I am holding my wrist a little 
higher, approximately like the Belleville….even though the graceful wavelike line is missing. 
(Schumann, 1831, quoted in Altenmüller, 2006, p. 257) 

Schumann’s playing difficulties caused an involuntary flexion in the middle finger of his right hand, 

which he tried to remedy with the use of a device called a Cigarrenmechanik (cigar mechanism) 
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(Lederman, 1999), developed between September 1831 and April 1832 while Clara was away on a 

concert tour. The Cigarrenmechanik was a type of finger stretcher with which Schumann aimed to 

increase the strength of his weakening third and second fingers. When playing, the dysfunctional finger 

was pulled away from the other fingers by a sling, which was attached to the piano (Altenmüller, 

2005).  At first Schumann found this beneficial, and wrote in 1832: 
May 7: It’s going pretty good with the third finger through the ‘cigar mechanic’. 
May 11: Yesterday I composed and played; the new method is the only one that works; it is the 
one. (Schumann, 1832, quoted in Altenmüller, 2006, p. 257) 

Schumann had been aiming to premiere his new work ‘Papillons’ at a party on 28 May, but his 

condition deteriorated and Clara played instead (de Yebenes, 1995). His diary entries at this time refer 

to his third finger as “irreparable” (May 22), and “completely stiff” (July 14) (Schumann, 1832, quoted 

in Altenmüller, 2006, p. 258). 

Schumann’s teacher Frederick Wieck put his growing deterioration down to the use of the

Cigarrenmechanik,  which  he  called  the  “finger  torturer”  (Lederman, 1999, p. 22).  Later  in  1841

Schumann’s friend and doctor Dr. Moritz Emil Reuter confirmed this belief in a letter: 
He mentioned first in his youth that the pointer and middle fingers had noticeably less strength 
and flexibility than the other fingers. The long term usage of a machine, with which the 
aforementioned fingers were pulled closer to the back of the hand, led to a state similar to 
laming, to the degree that they first only had a weak sense of feeling and secondly, with regards 
to movement, could no longer be controlled by will. (Reuter, 1841, cited in Altenmüller, 2006, 
p. 257)

This opinion has been widely held until recent research into focal dystonia has shed new light on 

Schumann’s condition. A common symptom of focal dystonia is for certain fingers to fall 

uncontrollably, and therefore it seems likely that the Cigarrenmechanik was Schumann’s attempt to 

gain some finger independence by preventing the middle finger from dropping.  

Schumann sought varied medical advice: rest, diet, electricity, homeopathy and even resorted to animal 

baths, where he had to put his hands inside slaughtered animals.  

On August 9 he wrote to his mother: 

My whole house has become a druggist’s shop. It did begin to worry me with the hand and I 
deliberately put off asking an anatomist (i.e. a surgeon), because I was very fearful of the stroke 
of the knife, i.e. because I believed he would say the damage might be incurable. (Schumann, 
1832, cited in Ostwald, 1985, p. 92)  

But nothing helped the control of his finger and by 6 November, 1832 he wrote: 
For my part, I’m completely resigned (to my lame finger) and deem it incurable. (Schumann, 
1832, cited in Daverio, 1997, p. 78) 
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Schumann was forced to abandon the idea of being a concert pianist, and instead devoted his time to 

composing. He wrote to his mother: 

Do not worry about the finger! I can still compose, and I would hardly be any happier as a 
travelling virtuoso -for that, I was spoiled at home. It doesn’t bother me when I improvise. Even 
my old courage to improvise in front of people came back. (Schumann's diaries, quoted in 
Altenmüller, 2006, p. 258) 

The fact that Schumann was able to improvise with little problem perhaps indicates the relevance of 

stress in the development of focal dystonia. Improvising was largely for Schumann’s own pleasure: in 

his improvisations there would have been no expectations for excellence or comparisons with other 

pianists, and therefore the execution may have been possible because of the absence of stress. 

One of Schumann’s desperate efforts to play resulted in the composition of his Toccata Op. 7, a highly 

virtuosic piece which involves rapid alternation of the thumb (D1) and the fifth finger (D5) with the 

index finger (D2) and the ring finger (D4) in the right hand with almost no use of the middle finger 

(D3).  

Figure 1.1 The opening of Schumann’s Toccata Op. 7 (from Edition Peters Nr. 2316 a) 

Schumann’s understanding of pianism and his love of the piano led him to write many wonderful 

works to be played by Clara and her contemporaries, and thus he has left a priceless legacy to the 

romantic piano literature. In spite of his difficulties, he never really stopped playing, and when not 

stressed was able to play for his own pleasure. Although he continued to write throughout his life, his 

handwriting became increasingly difficult to read (de Yebenes, 1995).  
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Despite some conflicting reports in the literature, the article on Robert Schumann’s focal dystonia by 

Eckart Altenmüller (2005) shows conclusively that the diagnosis for Schumann’s condition was that of 

focal dystonia  

There are no further records of notable pianists in musical history who appear to have had focal 

dystonia until the mid-twentieth century. Wilson (2000b, p. 380) suggests that the renowned Canadian 

pianist Glenn Gould may have developed focal dystonia after experiencing continuing problems in his 

upper body. Gould adopted an extremely low sitting position, resulting in a hunched-back appearance. 

He justified this posture as giving him “finger clarity, better definition and feeling”, although he 

admitted that it made it difficult for him to achieve a “really big sound as in some of Liszt’s 

fortissimos” (Gould, cited in Wilson, 2000b, p. 383). 

 In an interview with Jonathan Cott, Gould said: 

If I didn’t do that there would be a deterioration in my playing…. The special circumstances in 
terms of repertoire have to do with situations that do not require widening of the hands -say 
Bach or Mozart or pre Bach. But you cannot, you simply cannot play Scriabin in that position, 
for the simple reason that the leverage required to support a widening of the hands is such that 
you have to be further from the keyboard. But you CAN play Bach that way, and should, 
because by doing so you refine the sound, you minimise the pianistic aspects in it and you 
increase your control. (Cott, 1974 p.44-46; Daverio, 1997, p. 78)   

In Gould’s unpublished diaries of 1977 and 1978 he describes two major physiological crises. The first 

was the result of a friendly slap on the back from a piano technician after which he experienced 

A sense of fatigue aching and incoordination of the left arm and especially the left hand…. He 
had also been aware of attacks of numbness and tingling affecting the 4th and 5th digits so that 
he was unable to properly coordinate these fingers in difficult technical pieces. (Ostwald, 1997, 
p. 189)

Although massage and chiropractic treatment helped him to return to the concert platform, this was the 

beginning of his move away from giving live concerts. The second crisis, which occurred five years 

before his death, suggests that he may have been suffering from focal dystonia (Gould's diaries, 1977, 

cited in Wilson, 2000b, pp. 387-388). Although focal dystonia was never diagnosed in Gould, his 

writings describe symptoms that are associated with focal dystonia and his final film recording of the 

Goldberg Variations (Sony  B00BV85ATQ) does display instances of involuntary curling of D4 and D5  

in the left hand. In June 1977 he wrote: 
Lack of coordination was immediately apparent…Notes appeared to stick and scale-like 
passages were uneven and uncontrolled…An unpleasant experience and seemingly immune to 
solution by ad hoc pressures. During the next two weeks problems increased. It was no longer 
possible to play even a Bach chorale securely - parts were unbalanced, progression from note to 
note insecure. (Gould, 1977, cited in  Wilson, 2000b, pp. 387-388) 
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Frank Wilson (2000b) postulates that Glenn Gould’s posture and hand position at the piano alone 

would make him susceptible to developing focal dystonia. In addition, there were psychological 

problems: he has been diagnosed as a hypochondriac with obsessive-compulsive disorder and 

suspected Asperger’s syndrome (Newmark, 2009). Glenn Gould himself wondered if there was a 

psychological basis for his problems, and this had indeed been the basis for the understanding of 

musicians’ injuries since the nineteenth century. For many years Gould was apprehensive about playing 

in public, choosing instead to devote himself to the recording studio, and yet perhaps this anxiety was 

also due to musculoskeletal problems (Wilson, 2000b). Wilson also notes that his third and fourth 

fingers rarely separate while he is playing, indicating a limitation of abduction, which is often 

characteristic in pianists with focal dystonia (Wilson et al., 1993). 

Although he stopped playing for about a year in 1977, he was able to record again three years after the 

second crisis, suggesting that he may have found his own way around the problem by retraining 

himself (Wilson, 2000b). His low sitting position meant that he had to reach up to the keyboard, thus 

forcing his fingers to play in a stretched-out position, and this may have helped reduce the tendency to 

flex excessively. One unusual method of practice was Gould’s finger-tapping technique, where he 

would would rest the hand on the keys in a relaxed position and then tap the playing finger at the DIP 

joint with the other hand. He would then mimic this action with the playing hand alone, moving from 

the MCP joint by using the intrinsic muscles (Beauchamp, 2005).  

There was no confirmed diagnosis of focal dystonia in pianists until the 1980s, when two renowned 

American pianists, Leon Fleisher and Gary Graffman, publicly acknowledged their playing-related 

problems. Gary Graffman had suffered an injury in 1967 after using extra energy when playing the 

Tchaikovsky Concerto on an unresponsive piano (Newmark, 1999). He subsequently protected the 

injured finger by developing alternative fingering in many octave passages, playing with D1 and D3 

instead of the usual D1 and D4 or D5, presumably with a much greater ulnar deviation of the hand. 

Graffman (1986) describes how he would push D4 and D5 down in order to "get them out of the way" 

(p. 3).  Twelve  years later  noticed  his  fourth  and  fifth  fingers  beginning  to  curl  into  the palm, 

making it impossible to play with the hand in an extended position. 

It was only in certain extended positions - playing a sequence of octaves - for example, that my 
trouble surfaced. I was able to play the first octave normally, but striking each subsequent one 
caused my fourth finger to draw in more and more, dragging the fifth with it as the hand 
contracted, and, of course, hitting wrong notes. This behaviour was in no way affected by 
fatigue, warming up, or ‘good’ or ‘bad’ days.  Either I could play a certain pattern, or I could 
not. Every time it was exactly the same. An octave span of eight notes on the keyboard is about 
seven inches. A child can deal with that. But I, at fifty, was no longer capable of doing so. 
(Graffman, 1986, p. 3)  
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Gradually this affected more and more of his playing, and by 1979 Graffman was forced to abandon 

playing with two hands at concert level. 

In 1964 Leon Fleisher also experienced problems with the fourth and fifth fingers of the right hand. He 

had been practising the Wanderer Fantasy by Schubert for eight or nine hours per day when he 

experienced a small pain in his thumb (Sacks, 2007). He stopped playing for a few days, but when he 

began playing again his fifth finger felt weak and began to curl under the hand. His reaction was to 

practise still harder but found that then the fourth finger started curling as well. This condition 

worsened over about ten months, resulting in the fingers involuntarily curling and digging into the 

palm.  

My playing was never the same. Over the next several weeks my fourth and fifth fingers of my 
right hand began to contract involuntarily and unrelentingly.  It was as if they had a mind of 
their own, and there was nothing I could do about it.  I never had any pain with this, but the 
more I practised the worse it got. (Cott, 1974, pp. 44-46)  

By 1980 his hand had deteriorated to such an extent that its tendency to ‘claw’ meant that he even had 

problems with writing his name or cutting his food (Graffman, 1986). Fleisher consulted countless 

medical practitioners, trying numerous unsuccessful treatments including surgery, but never gave up in 

his quest for recovery. He resorted to playing left-hand repertoire, conducting and teaching, and after 

almost thirty years he was finally diagnosed with focal dystonia. Dr. Mark Hallett and his team of 

researchers found that injections of botulinum toxin could relax the muscles sufficiently for Fleisher to 

begin playing again (Sacks, 2007). Tension in his arms and hands was further helped by the deep 

massage technique of Rolfing, enabling him to give a full recital at Carnegie Hall in 2003.  He has 

since gone on with the assistance of regular botulinum toxin therapy to play further concerts of 

repertoire that does not involve a wide hand span. 

Pianist Michel Beroff was diagnosed with focal dystonia in the 1980s (Tubiana & Chamagne, 2000a). 

After three discouraging and demoralising years of countless ineffective medical interventions, he 

began playing repertoire for the left hand and thought he would begin a new career as conductor and 

teacher. He then began treatment with Phillippe Chamagne over a further three-year period, evaluating 

his whole body and mind, resulting in his being able to return to professional playing.  

Chamagne has also assisted a successful outcome with pianist Rian de Waal, who he worked with 

between 1992 and 1995 (Tubiana & Chamagne, 2000a). His symptoms began with a lack of evenness 

in passages of Mozart and Chopin, although he was able to continue playing the larger concertos such 

as Rachmaninoff and Prokofiev. As symptoms became worse he had to survive on only the 

Tchaikovsky concerto and one carefully chosen recital programme. His work with Chamagne gave him 
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 the tools with which to apply certain exercises, and he was able to regain 95% of his repertoire. 

A further success story was with Jean-Efflam Bavouzet (Tubiana & Chamagne, 2000a). His symptoms 

revealed difficulty with repeated chords and octaves, which were remedied over three years of 

rehabilitation with Phillippe Chamagne and a Russian piano teacher, Alexander Edelmann.  Both men 

had similar ideas on posture and physical gesture and worked together to assist recovery. Ten years 

following the onset of focal dystonia Bavouzet was able to win an international competition and enjoys 

a full life as an international concert pianist. 

The openness of these pianists in talking about their conditions played an important part in assisting 

musicians and the medical fraternity to acknowledge playing-related injuries, to establish performing 

arts clinics and to encourage research into focal dystonia. There are undoubtedly other notable pianists 

who have suffered from this debilitating condition. However, documented success stories of recovery 

from focal dystonia are few, and most reports of recovery are purely anecdotal, without scientific 

verification. 
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CHAPTER TWO  
LITERATURE REVIEW 

The first reports of occupational cramps in the medical literature date back to the mid- and late-

nineteenth century. Charles Bell was first to describe a type of paralysis which affected the control of 

hand movements when writing, later referred to as “scrivener’s palsy” (Bell, 1844, cited in Wilson, 

2000a, p. 311). Possibly the first report in a musician was by Stromeyer (Romberg, 1853, cited in 

Lederman, 1991b), who reported a pianist whose thumb flexed involuntarily into the hand when 

playing. In 1861 Duchenne noted painless functional spasms in pianists, which resisted any kind of 

therapy (Duchenne, 1861, cited in Tubiana, 2000, 2003a).  Poore observed playing-related problems in 

a number of pianists in 1887, which he referred to as “piano failure” (Poore, 1887, p. 442). Although 

the symptoms described in these twenty-one patients do not necessarily indicate focal dystonia, Poore 

did acknowledge their severity for the sufferer whose “hand had forgotten its cunning”. (p. 441)

In 1888 Gowers described dystonic cramps as occupational neuroses, which referred to physical 

conditions that did not have a clear cause (Gowers, 1888). He also noted a similarity between writer’s 

cramp and conditions affecting musicians. Later the word neuroses became more associated with 

mental health, and indeed writer’s cramp, then very common, was considered the result of 

psychological factors. This hypothesis, that occupational cramps were largely caused by psychological 

factors, persisted for almost a century. It was not until 1982 that Sheehy and Marsden postulated that 

the cramps seen in both musicians and writers had a neurophysiological rather than a psychological 

origin. They correctly identified these cramps as a form of focal dystonia (Sheehy & Marsden, 1982).  

2.1 Aetiology 
The aetiology of focal dystonia is not completely known.  There is general consensus that it is 

multifactorial.  A number of factors have been postulated to be involved in the aetiology: methods of 

practice, dysfunction of the central or peripheral nervous system, anxiety and personality traits, 

musculoskeletal injury and a genetic predisposition (Garraux et al., 2004; Schmidt et al., 2006; 

Schmidt, Jabusch, Altenmüller, Hagenah, Saunders-Pullman, et al., 2009). 

The development of focal dystonia is thought to be closely connected with the amount and intensity of 

practice, and stress due to the need to meet professional standards (Altenmüller & Jabusch, 2010; 

Jabusch et al., 2005). Neurological factors are involved: there is evidence for “excessive plasticity, 

inadequate inhibition, excessive excitation and degradation in cortical representation” (Byl, Archer, & 

McKenzie, 2009, p. 184). However, although these are factors observed in patients with focal dystonia, 
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they are not of themselves the isolated causes and may only occur if the musician has a genetic 

predisposition to the condition (Schmidt, Jabusch, Altenmüller, Hagenah, Bruggemann, et al., 2009).  

2.1.1 Methods of Practice  
Although focal dystonia occurs following intensive repetitive practice, it is now acknowledged that 

repetition per se is not necessarily its primary cause. Most musicians can practice for long hours 

without developing this condition.  

Repetition plays an important part in all skill learning. Donald Hebb (1949) proposed that repetitive 

activity alters the way that neurons connect with each other: “Neurons that fire together, wire together” 

(Shatz, cited in Doidge, 2007, p. 63), and this has become known as Hebbian theory. This adaptation is 

generally beneficial to the learning process, but if the technique has been poorly developed or inbuilt 

tension has not been corrected, the musician is at risk. When biomechanically unfavourable movements 

are repeated at high speed, muscle imbalance and overuse results. Poor posture, as well as excessive 

joint stiffness or hypermobility, and inaccurate sensory discrimination can also be risk factors (Byl, 

2006b; Tubiana, 2003b; Wilson et al., 1993).  

Often symptoms are first noticed when the musician has problems executing a particular passage, or is 

unable to reach the required tempo (Tubiana, 2003a). Despite practice the symptoms worsen, and the 

musician attempts to compromise by using different fingering or hand positions, often distorting the 

natural use of the hand. Orchestral musicians may ‘survive’ by miming certain difficult passages, but 

indistinct passagework makes professional playing impossible for the soloist. 

Musician’s dystonia usually occurs in the hand that carries the greatest instrumental demands, and this 

in itself is evidence for the influence of environmental factors. Focal dystonia is most often seen in the 

left hand of violinists but in the right hand of guitarists and pianists (Jabusch & Altenmüller, 2006; 

Tubiana, 2003a). In pianists, voicing of the upper parts in the piano repertoire places great demands on 

the ulnar side of the hand, making lack of balance here a risk factor (Conti et al., 2008). Lack of 

support of the fifth metacarpophalangeal joint combined with ulnar deviation may contribute to the 

development of dystonic flexion of the fourth and fifth fingers (Frucht, 2009). Similarly, it is the ulnar 

side of the left hand of violinists that is most usually affected. Conti et al. (2008) suggest that since the 

fingers were not designed to work with equal precision, the extra demands on the ulnar side of the hand 

in both violin and piano may account for D4 and D5 being the most commonly affected digits in 

players of these instruments. 
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A further factor to consider is that of movement intensity. Byl, Wilson et al. (1996) identify the use of 

forceful, rapid repetitive movements as being the most common risk factor for the development of 

musician’s injuries. This can be seen in the playing style of pianists whose technique is based around 

the excessive lifting and curling of the fingers, requiring forceful use of antagonistic muscles (Pascual-

Leone, 2001). Injuries such as focal dystonia are more frequently seen in pianists who use this forceful 

style of playing rather than those who use more extended fingers and a gentler approach (Pascual-

Leone, 2001). After observing playing techniques in affected Spanish guitarists, Rosset-Llobet et al. 

cite movement intensity as a risk factor in the development of focal dystonia: flamenco guitarists 

typically play with more forceful use of the extensor finger muscles in order to produce the required 

tone and volume, and this leads to greater tension in the hand (Rosset-Llobet, Candia, Fabregas, Ray, & 

Pascual-Leone, 2007). A study by Marques and Rosset-Llobet found flamenco guitarists more prone to 

injury (84%) than classical guitarists (62.5%) and postulated that this was because of the style of 

playing (Marques, Rosset-Llobet, Marques, Gurgel, & Augusto, 2003). 

Focal dystonia often develops after a change in musical activity or a return to the instrument after a 

period of rest (Frucht, 2004). Sometimes the musician will have changed their instrument or embarked 

upon subtle modifications technique prior to the onset (Frucht, 2009; Tubiana, 2000). In a study of 58 

musicians, Brandfonbrener (1995) notes that the development of focal dystonia had followed voluntary 

changes in technique requiring alterations of hand and wrist positions in eight subjects.  When 

something changes to disturb the balance, practice may cease to be productive; in fact the process and 

resulting reorganisation in the motor cortex can go too far and interfere with the movement rather than 

improving it. The player notices that increase of practice results in a decrease in performance with 

ensuing fatigue and ultimately loss of coordination (Byl & Merzenich, 2001). 

Sufferers of focal dystonia often describe instances of excessive practice undertaken prior to the 

development of the condition (Lederman, 2002). When preparing for an important performance a 

musician will often practise without physical awareness because of her focus on the music itself.  Then 

it is easy for physical distortions to occur in order to produce a desired musical result and for these to 

become ingrained as a way of playing that is less than biomechanically ideal. The musician is 

particularly vulnerable when trying to learn a piece in a hurry for a pending concert or competition, 

where excessive force and speed is often used in order to accomplish technically demanding repertoire 

in a short space of time (Tubiana, 2000). 

Repetition needs to be combined with thought and intelligence and with sufficient breaks for it to be 

beneficial. Byl and Merzenich (2001) state that “the positive feedback received when practice is 

productive generates an increase in acetylcholine, dopamine and other modulatory neurotransmitters to 
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generate continual positive neural adaptation” (p. 2055). However, obsessive practice where the player 

repeats the same passage incessantly can be damaging. Rosenkranz et al. suggest that focal dystonia 

may be delayed or prevented if training methods involve a variety of activity with less repetition of the 

same movements (Rosenkranz, Williamon, Butler, & Cordivar, 2005).  

Despite the fact that focal dystonia has been considered task-specific (Frucht, 2004), Rosset-Llobet et 

al. (2007) also investigated secondary motor disturbances, which they found to be present in 53.5% of 

patients tested. Focal dystonia did not usually transfer between dissimilar instruments but there were 

frequently worsening symptoms when the instruments required similar hand positions, such as violin 

and viola or saxophone and clarinet, perhaps indicating underlying similar technical faults or the 

repetition of similar movements. They concluded that focal dystonia might be movement-specific 

rather than task-specific (Rosset-Llobet et al., 2007). 

2.1.2 Neurophysiological Dysfunction 
A musician begins to play by moving slowly, and then gradually develops his skill by refining the 

movements and gaining the required speed. Only when this process becomes ‘absorbed’ by the nervous 

system can the skill become automatic. It is then that the musician can focus on the musical meaning 

and combine that with his personal expression. The neural structures in the brain are modified in the 

process of learning and these changes are referred to as plasticity (Altenmüller, 1998; Munte et al., 

2002; Pantev, Engelien, Candia, & Elbert, 2001; Pascual-Leone, 2001; Tubiana, 2003a). 

The remarkable potential for cerebral plasticity is demonstrated in the fascinating case of a German 

horn player born with no arms: he plays the horn at near professional level with his toes, and an fMRI 

reveals that his toes are represented in the hand regions of the brain (E. Altenmüller, personal 

communication, 15 December, 2009).  

The constant adaptation seen in neuronal plasticity is the brain’s way of building a skill (Pantev et al., 

2001). Focal dystonia can develop when this normal process of neuronal plasticity becomes 

dysfunctional, causing ‘confusion’ in the cortex. It may be that musicians with dystonia are prone to 

excessive plasticity and the very process that facilitated their initial instrumental skill has ceased to be 

functional (Pascual-Leone, 2001).   

Cortical plasticity is not affected by practice alone: the task must be learned and absorbed. Learning 

needs be attentive, repetitive and rewarded, and each skill needs to be built upon one already 

accomplished (Byl & Priori, 2006). Despite the amount of repetitive use, Byl and Merzenich (2001) 

noted that movement dysfunction might not develop if the biomechanical demands were not stressful. 
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One such stressor is tempo. Byl and Merzenich postulated that if tempo is fast enough, the temporal 

inputs become nearly simultaneous and individual differentiation is lost. In this situation it is necessary 

for the brain to chunk together a succession of movements in order to be able to play a fast group of 

notes, since there are limits to the speed at which the cortical cells can be re-excited (Byl & Merzenich, 

2001). 

The ability to activate the required movements while inhibiting others may be less efficient in 

musicians who develop focal dystonia (Byl et al., 2009; Lin & Hallett, 2009). In some cases musician’s 

dystonia only occurs during the execution of particularly fast or challenging pieces (Tubiana, 2000). 

When notes are played almost simultaneously and if there is excessive excitation and reduced 

inhibition, playing at speed may be hampered even further to the point where execution is impossible 

(Byl & Merzenich, 2001).  

2.1.3 Anxiety and Personality Factors 
The performance of classical music carries with it high expectations: the musician is subject to constant 

criticism from her peers and also from the public. This in itself has been found to be a contributing 

factor to the development of musician’s dystonia (Jabusch et al., 2005). The extreme level of 

professional pressure where the livelihood of the musician constantly rests on the quality of the last 

performance makes professional performance of classical music extremely stressful. In addition, the 

perceived level of perfectionism dictated by the CD recording industry leaves performers vulnerable to 

the process of constantly judging themselves against highly edited recordings that project an unrealistic 

level of proficiency (Altenmüller & Jabusch, 2009, 2010). Musicians tend to be perfectionists and often 

there is conflict between the emotional joy of making music and the fear of realising a performance 

which is less than perfect (Altenmüller & Jabusch, 2009; Jabusch & Altenmüller, 2004). For this reason 

focal dystonia is more common in classical musicians: performances of jazz and popular music do not 

require such precise musical reproduction, making performances more relaxed because of a lesser 

demand for what is perceived as perfection (Altenmüller & Jabusch, 2010). 

In a  study comparing healthy musicians with those suffering from focal dystonia and chronic pain, 

Jabusch and Altenmüller (2004) found that patients with focal dystonia (n=20) were much more likely 

to display symptoms of anxiety and social phobias than healthy musicians (n=30) or those with chronic 

pain (n=20). They also tended to have higher levels of perfectionism.  They hypothesised that these 

conditions were present before the onset of dystonia and therefore could be considered aggravating 

factors in its development.  Historically the association of focal dystonia with anxiety symptoms has 

been described in the case of Schumann, who was prone to stage fright, excessive self-criticism and 

depression (Altenmüller, 2006). Although a tendency towards stage fright seems a likely predisposing 
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characteristic, Jabusch and Altenmüller (2004) found that musicians with focal dystonia had not 

necessarily experienced greater problems with stage fright than healthy musicians. In a later paper 

Altenmüller and Jabusch (2009) suggest that early intervention into managing psychological conditions 

and in educating students to have healthy attitudes to performance may lessen the risk of injury.  

The intense emotional commitment required in the performance of music combined with the 

determination to reach a personal ‘best’ can lead to anxiety and resulting physical tension in movement 

patterns, which move away from the ideal. Anxiety causes an increase in stress hormones and it is at 

these times that motor programmes become most deeply ingrained in the brain (Jabusch & Altenmüller, 

2004). When a musician first experiences signs of dystonia, the strength of the emotional reaction and 

anxiety may be so intense that the dystonic movement is reinforced very quickly (Altenmüller & 

Jabusch, 2009). 

Other forms of focal dystonia seem to be less affected. In a  study (n=20) on sufferers with writer’s 

cramp, Grafman et al. (1991) found that depression and other anxiety factors were independent of the 

development of focal dystonia, although psychiatric disorders could exacerbate its symptoms. This 

further confirmed the previous postulation that writer’s cramp was not caused by psychological factors 

(Sheehy & Marsden, 1982).  

Spanish trombone player Joachim Fabra, who has recovered from focal dystonia and now treats other 

musicians, suggests that focal dystonia may be caused by “a progressive and unnoticed shift of our daily 

practice and an emotional behaviour associated to it.” (Fabra, 2012).  Because he observes that the 

dystonic cramps in brass players occur precisely before the moment of sound, he believes that mental 

conditioning plays a part in the development of focal dystonia, and therefore recovery depends on 

correcting mental and emotional patterns as well as physical. 

2.1.4 External Trauma 
External trauma may change the somatosensory inputs, making them more prone to overlap, and so 

trigger the onset of focal dystonia in a susceptible musician (Altenmüller, 2003; Charness et al., 1996; 

Lederman, 1991a). Although in some cases there is a history of overuse injury or chronic pain, a 

specific acute trauma prior to the onset is not common (Hochberg & Hochberg, 2000).  

Similarly, peripheral nerve entrapment may be involved in the development of focal dystonia. Charness 

et al. (1996) found ulnar neuropathy in some musicians with focal dystonia where flexion of the fourth 

and fifth fingers was the main symptom. Following ulnar nerve surgical release several of these 

musicians reported improvement and an increase in strength, and were able to resume playing.  
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Lederman (2002), however, cites only two cases where the dystonia was improved following nerve 

entrapment surgery. 

Less specific external factors may also trigger the development of musician’s dystonia. Lederman 

(2002) reported that changes in technique or instrument, increased practice time, illness or stress were 

present in 50% of 102 focal dystonia sufferers. Brandfonbrener (1995) also noted instances of 

technique modification requiring alteration of hand or wrist position less than one year prior to the 

onset. Changes in practice habits can cause extra physical and emotional tension, and are often seen 

prior to the development of musician’s dystonia (Tubiana, 2003b).  

2.1.5 Genetics 
The question remains as to whether musicians with focal dystonia have an inherent genetic 

predisposition. Using fMRI, Garraux et al. (2004) found bilateral abnormalities in the primary motor 

cortex, not just in the affected hand, suggesting that these may have been there before the onset of 

dystonia, rendering the patient more susceptible to cortical degradation from repetitive activities. When 

a genetic predisposition is combined with other factors such as excessive or intense practice, stress, 

injury or other pain factors, it may lead to deterioration of the cortical representations (Schmidt et al., 

2006).  

Altenmüller (2003) reported that 10% of musicians with focal dystonia have a family history of some 

form of dystonia or writer’s cramp. A more recent study reported 18 out of 28 sufferers to have two to 

four family members affected within three generations (Schmidt, Jabusch, Altenmüller, Hagenah, 

Saunders-Pullman, et al., 2009). The specific genes that are associated with focal dystonia are currently 

being investigated and need to be further identified using larger sample bases, but these results are 

beyond the scope of this thesis. 

Of further interest is the concept that focal dystonia may develop because of individual anatomy.  

Wagner (1988) identified hand size and joint mobility as risk factors for the development of injury in 

musicians. Other anatomical anomalies, such as interconnections between tendons and constraints on 

joint mobility, have been suggested as factors which may predispose a musician to develop focal 

dystonia (Leijnse, 1997). Leijnse hypothesises that these anatomically induced constraints on 

movement increase the energy expenditure associated with playing, and therefore  may lead to focal 

dystonia. 
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2.2 Pathophysiology 
The pathophysiology of focal dystonia is a complex area. Ongoing work by leading investigators such 

as Altenmüller, Jabusch, Rosenkranz, Hallet and Byl is exploring areas of neural plasticity, cortical 

degradation, defective inhibition and sensory feedback (Altenmüller & Jabusch, 2010; Bangert et al., 

2006; Byl et al., 2009; Flor & Diers, 2009; Frucht, 2009; Lim, 2003; Munte et al., 2002; Pantev et al., 

2001; Pascual-Leone, 2001; Quartarone, Classen, Morgante, Rosenkranz, & Hallett, 2009; Rosenkranz 

et al., 2008; Ruiz, Jabusch, & Altenmuller, 2009; Torres-Russotto & Perlmutter, 2008; Zeuner & 

Hallet, 2003). Most studies agree that focal dystonia occurs as a result of maladaptation in the cortex, 

causing degradation of the somatosensory, sensorimotor and motor representation of the hand, reduced 

inhibition in the central nervous system, or changes in sensorimotor processing (Byl, 2006a; Jabusch & 

Altenmüller, 2006; Lim & Altenmüller, 2003; Lin & Hallett, 2009). However, the cerebral location of 

the primary pathophysiology is still not known (Altenmüller & Jabusch, 2010).   

2.2.1 Plasticity and Cortical Degradation 
During the learning process the brain is able to change and adapt to the demands that we require of it 

because of its plasticity. These changes in the cerebral cortex, both structural and functional, can be 

seen in the intensive repetitive learning involved in musical skill acquisition (Nudo, 2003; Pantev et al., 

2001; Pascual-Leone, 2001). Indeed, changes in neural conductivity between the auditory and motor 

cortex can be already observed after only 20 minutes of piano instruction (Bangert & Altenmüller, 

2003; Bangert, Haeusler, & Altenmüller, 2001; Munte et al., 2002).  

Elbert et al. (1995) showed similar changes in cortical representation in violinists. Following 

stimulation of D1 and D5 they found a significantly larger number of neurons representing D5 in the 

left hand of violinists compared with the right hand, or with either hand of the control group of non-

violinists. There was no significant difference for D1 in either group, reflecting the greater demands 

placed on D2-D5 in the left hand when playing the violin. The magnitude of these differences 

depended on the age at which violin studies began: violin playing before the age of eight years old 

resulted in greater cortical enlargements than when studies began later.  Findings since have shown that 

musicians who begin training at a young age (before the age of seven years) display a greater volume 

of grey matter in the sensorimotor cortex when compared to those who start later (Quartarone et al., 

2009). Regardless of the hours spent at the instrument, the younger active practice begins, the greater 

the area of cortical change (Elbert et al., 1995; Munte et al., 2002; Pantev et al., 2001).  
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Granert et al. (2011) have shown that the regional grey matter volume in the middle part of the 

putamen is larger in pianists with focal dystonia, and inversely related to the ability to perform a scale 

with an even touch. 

The brain’s amazing ability to adapt is generally beneficial to humankind’s constantly changing 

environment and is crucial to the learning process. Karni et al. (1995) showed that while neurological 

changes could be observed after 20-30 minutes of instrument learning, the healthy brain is also capable 

of reversing this process: unless these skills were reinforced by practice, cortical adaptations reverted to 

their previous state within a week. This seems to indicate the brain’s selective ability to filter out 

change that is not reinforced.  

Brain plasticity has been observed even in mental practice, which activates the same neural structures 

as physical practice, and therefore is beneficial in reducing the necessary hours at the instrument 

(Pascual-Leone, 2001).  Bangert et al. (2006) have showed further examples of plasticity. In an 

experiment using fMRI (with a specially designed non-magnetic keyboard), changes in neuronal 

connectivity between the auditory and motor cortex were observed after only 20 minutes of piano 

tuition: pressing piano keys without sound could activate the auditory as well as the motor cortex, 

while listening to a melody without playing showed activation in the motor as well as the auditory 

cortex. After three weeks of tuition these changes remained stable for two months. In a further 

unpublished study involving noise rather than music, these changes were not observed, indicating that 

the input had to be meaningful (E. Altenmüller, personal communication, March 25, 2010).  

While plasticity is at the core of skill development, the very changes which contribute to ease of 

learning can adapt too much: finger representations can become too exaggerated due to the excessive 

demands of learning a musical instrument. Blurring and overlapping occurs because of the lack of 

clarity caused by the smaller distances between cortical fields (Elbert, 1998; Munte et al., 2002; 

Quartarone et al., 2009). 

In a study involving monkeys, Byl, Merzenich et al. (1996) have shown that repetitive tasks can result 

in cortical degradation. After many repetitions of a specified task, some monkeys appeared to be in 

pain and some lost the ability to perform the set task because of overlapping of the receptive fields of 

adjacent fingers. The affected monkeys showed abnormal finger postures, excessive flexion of digits 

and inability to perform fine motor actions with accuracy. Byl et al. were able to document changes not 

only in the cortical hemisphere of the injured hand but also in the other hemisphere, showing 

transference of learning because of the intense training. The monkeys who were given more breaks and 
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fewer repetitions did not develop these symptoms. Thus Byl et al. concluded that focal dystonia was 

induced by training.  

Although evidence shows that abnormal or excessive plasticity is involved in the development of 

dystonia, it has not yet been proved to be the primary cause Quartarone et al. (2009) state, “When these 

adaptive phenomena are pushed to an extreme, they can produce a maladaptive sensorimotor 

reorganisation that interferes with motor performance rather than improving it” and that “deficient 

homeostatic control might be an important mechanism triggering this maladaptive reorganisation” (p. 

108). 

2.2.2 Inhibition 
In order for the hand to move smoothly, the brain must be able to activate specific muscles and inhibit 

others. A healthy nervous system requires a balance between cortical excitation and cortical inhibition 

(Lin & Hallett, 2009). The basal ganglia, which are involved in the control of voluntary actions, allow 

selective activation to occur by releasing inhibition. When we plan a movement, that plan is sent to the 

striatum, which modifies the idea and sends it via the thalamus back to the motor cortex, providing fast 

feedback so that the movement can become more precise. The emotions are also involved. In order to 

develop fine motor control, the basal ganglia inhibit unwanted gross movement: for example, highly 

trained pianists require that the specific rapid movement of each individual finger is not affected by 

unwanted movements of other fingers (Altenmüller & Jabusch, 2010). Loss of inhibition may result in 

excessive motor activity. If there is excessive excitability in one area, it may overflow into other 

uninvolved areas causing the involuntary movements and cramps seen in patients with focal dystonia 

(Berardelli et al., 1998; Lin & Hallett, 2009; Ruiz et al., 2009). 

Ruiz et al. (2009) have further explored the involvement of defective inhibition in a study on pianists 

using a ‘go/no go’ paradigm. The pianists had to prepare to play a scale to a given metronome beat. 

When a green light was shown on a screen they were instructed to play, but if a red light appeared they 

had to refrain from playing. When given the ‘no go’ command measurements using electromyography 

(EMG) showed that the cortical responses were much slower to return to the base line of activation in 

musicians with focal dystonia than in healthy pianists, thus supporting the theory of defective 

inhibition.  

Although cramps seen in both musicians and writers have been described as focal dystonias, current 

research is finding significant differences in the two conditions. In a study comparing musician’s 

dystonia and writer’s cramp, Rosenkranz et al. (2005) used transcranial magnetic stimulation to 

evaluate the effects of vibrating a specific muscle in the hand while measuring the excitability in other 
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hand muscles. Although both displayed abnormalities in sensory processing, spatial organisation and 

motor excitability, the sensory input influenced inhibition in musicians, but in sufferers of writer’s 

cramp it had no effect. Henchcliffe (2008) showed a further difference between these conditions in a 

study where bilateral symptoms were seen in one third of all patients with writer’s cramp while this 

occurred in only 4% of musicians. A further study in 2009 also found significant differences in 

responses to treatment of dystonia between musicians and those with writer’s cramp (McKenzie et al., 

2009). 

Rosenkranz et al. (2005) concluded the difference seen in their study must indicate the difference in 

hand use prior to the onset of dystonia: musicians had practised daily for years on their instruments 

while sufferers of writer’s cramp had usually used their hands to carry out normal daily activities. This 

indicates that prior activity and training plays a more important part in the development of musician’s 

dystonia than in writer’s cramp, and therefore opens the door to a stronger possibility of successful 

rehabilitation of musicians through retraining. Byl hypothesised that if focal dystonia was caused by 

training-induced cortical degradation and lack of sensory organisation, then it may be possible to 

accomplish a reversal of this and reorganise the brain through retraining (Byl & Priori, 2006). 

2.2.3 Sensory Feedback or Sensory Processing 
When we touch something, the nervous system responds to that tactile stimulation, interpreting the 

stimuli and integrating the information it so that it is meaningful. This is referred to as sensory 

processing. A deficit in sensory feedback and an impairment of sensorimotor integration have been 

shown to play a part in the pathophysiology of focal dystonia (Abbruzzese & Berardelli, 2003; Byl, 

Wilson, et al., 1996; Lim et al., 2003). Byl believes that it is the stimulation of specific skin locations 

that alters the receptive fields in the cortex (Byl & Priori, 2006). These receptive fields increase in size 

as learning occurs through attentive and reward-based practice. Once the skill can be automatically 

accomplished, there is a reduction in size of the receptive field. Blurring can occur if the stimuli occur 

too closely together either in time or space. Potentially this may happen when the speed of playing 

requires chunking of information and certain passages are incessantly practised as a single thought. If 

the sensory inputs become too closely linked, and if forceful playing using strong hammer-like fingers 

is added to this, the brain may perceive each finger strike as a mini trauma, causing de-differentiation 

of the finger movements (Pascual-Leone, 2001). 

Many patients with focal dystonia have difficulty in localising sensations applied to the fingertips 

(Pantev et al., 2001), and therefore the learning of Braille or playing with dominoes is often encouraged 

in order to retrain the finger sensitivity and overcome any sensory dysfunction (Zeuner & Hallet, 

2003). 
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A further example of the sensory nature of focal dystonia is cited by Altenmüller (1998), who reported 

two pianists who were affected only when playing on ivory keys. When playing on plastic keys, 

dystonic cramps did not occur. These pianists found that playing with latex gloves temporarily relieved 

their symptoms, showing that focal dystonia can be temporarily relieved by changing sensory input. 

This is often referred to as a ‘sensory trick’ and has been experienced with patients suffering from 

cervical dystonia, where symptoms can be temporarily relieved by touching the side of the face 

(Abbruzzese & Berardelli, 2003). Another example of this has been reported in a flute player who was 

able to play by placing non-porous plastic over the ends of his fingers to negate the tactile sense (M. 

Dannenbring, personal communication, July, 2007). Symptoms do not necessarily transfer between 

related instruments: for example, a musician may experience problems playing a clarinet but be 

symptom-free when playing the saxophone (Altenmüller, 2003). 

2.2.4 Pain 
Most musicians become aware of physical problems through pain. However, in most cases musician’s 

dystonia is painless (Hochberg & Hochberg, 2000; Lederman, 1991b). Although not normally a 

symptom, some sufferers report prior experience with musculoskeletal problems or chronic pain 

(Altenmüller, 2003; Charness et al., 1996). The question remains as to whether this pain and discomfort 

exists in isolation, or whether it may result from the sufferer’s persistent efforts to avoid the disturbing 

finger movements (Jabusch & Altenmüller, 2006). 

2.2.5 Clinical Presentation 
Musician’s dystonia has a profound effect on the proficiency of a performer, causing loss of fine motor 

control of individual finger movements. Abnormal movements occur and cause unevenness due to 

errors in timing and force (Wilson, 2000a). These dystonic movements are absent at rest and usually 

occur only when playing the instrument. 

Before the onset on focal dystonia the musician may experience a lack of facility, fatigue or pain, 

particularly when playing difficult pieces, and at first it may be restricted to problems with a certain 

passage (Jankovic & Ashoori, 2008; Tubiana, 2003a). These movement abnormalities persist regardless 

of the musician’s efforts to correct them by practice (Wilson, 2000a). 

The most common symptom in pianists with focal dystonia is unwanted flexion of the fourth and fifth 

fingers, which makes it difficult to play scales or arpeggios evenly, and to voice or play octaves and 

chords without sounding unwanted extra notes (Hochberg & Hochberg, 2000). An extension of some 
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fingers can also be seen, which is often the result of the musician trying to prevent the dystonic finger’s 

tendency to curl (Jankovic & Ashoori, 2008).  

Burman et al. (2008) postulated a classification of these two typical dystonic movement patterns: either 

the finger is hyperflexed (the primary dystonic finger (PDF)) or it is chronically extended (the primary 

compensatory finger (PCF)). Using fMRI and simulated instruments with no metal parts, they showed 

that the PDF and the PCF displayed different characteristics in the cortex of musicians with focal 

dystonia.  In contrast to normal musicians, the PDF showed reduced representation in the cortex as if it 

was ‘more enslaved’ while the PCF representation was significantly enlarged. While the PDF had lost 

some of its individual clarification, resulting in involuntary cramps, the effort required by the PCF to 

avoid this cramping had magnified the cortical changes (Burman et al., 2008).  

In most cases the dystonic cramps are most problematic in fast playing, when repetition is higher 

(Tubiana, 2000). However, a case study on a guitarist by Leijnse and Hallett (2007) displayed problems 

only in slow playing, while fast playing was not affected even after a seven-year history of dystonia. 

This musician had received a splinter in his thumb prior to the development of focal dystonia, which 

resulted in movement compensations as he played. Gradually he experienced a lack of control in his 

thumb, which was more obvious in slow playing. Leijnse and Hallett concluded that this dystonia was 

not caused by genetic factors, but was behaviourally induced by compensations to the trauma.  

2.3 Epidemiology 
The prevalence of all forms of focal dystonia in the United States (e.g., writer’s cramp, the golfer’s 

‘yips’, and blepharospasm) is 0.006% (six out of 100,000), whereas the prevalence in classical 

musicians is 1% (Altenmüller, 2003). The cause of this high prevalence of focal dystonia in musicians 

is unclear. The high level of expectation from both performer and audience places considerable 

pressure on the classical performer, who must perform highly complex movements with maximum 

accuracy within milliseconds (Jabusch & Altenmüller, 2006). The soloist is most ‘at risk’: every note is 

exposed with no possibility of performance deficits being camouflaged by a larger group of players. 

For the soloist there is ‘a fine line’ between success and failure, and this increases the demands on the 

player (Jabusch & Altenmüller, 2006).  

As previously mentioned, the precision involved in performances of classical music is much greater 

than for jazz and popular music due to the need to adhere to the detailed instructions on the score. Not 

only is there a higher demand for accuracy, but also the formal concert environment gives rise to 

extremely rigorous social judgement (Altenmüller & Jabusch, 2010). The lack of these two factors in 
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jazz and popular music may explain the relatively rare occurrence of focal dystonia in jazz and popular 

musicians, and amateurs (Tubiana & Chamagne, 2000a).  

The prognosis for musician’s dystonia is poor and once diagnosed complete recovery is rare. Schuele 

and Lederman (2004) estimate that more than half of affected sufferers are forced to end their careers. 

In a study of 144 musicians treated over an eight-year period, Jabusch et al. (2005) found that only in 

exceptional cases did these instrumentalists return to their former level. However when considerable 

compensations were made in workload or instrument adaptation, or when repertoire was avoided or re-

fingered, 71% in that study were able to stay in the profession but only one musician reported complete 

recovery.  

Many musicians are reluctant to report playing difficulties even to musical colleagues, and furthermore 

dystonic problems are often incorrectly diagnosed (Conti et al., 2008). Pianist Gary Graffman wrote: 
Nobody wants a wounded pianist. There is an oversupply of healthy ones. Admitting difficulties 
is like jumping, bleeding into piranha filled waters. (Graffman, 1986, p. 5) 

The incidence and prevalence of focal dystonia is therefore not accurately known. A literature review 

by Conti et al. (2008) aimed to identify all reported cases of musician’s dystonia. They identified 899 

cases, and found that 80% were male, and 64% were affected in the right hand regardless of hand 

dominance. Conti et al. also found D3 to be the most commonly affected single digit, and for multiple 

fingers, the dystonic fingers were usually those on the ulnar side of the hand: usually the right hand for 

pianists and guitarists and the left for string players. Double bass players did not usually develop focal 

dystonia, possibly because of the wider distances between notes (Conti et al., 2008; Jabusch & 

Altenmüller, 2006). One third of sufferers of writer’s cramp go on to develop focal dystonia in the 

contralateral hand (Marsden & Sheehy, 1990), but this only occurs in 4% of musicians (Conti et al., 

2008). 

2.3.1 Personality Factors 
Musicians most at risk are those who practise incessantly and intensively; perfectionists who are very 

self-critical (Jabusch & Altenmüller, 2006). These are essential traits for soloists, making them more 

susceptible and less likely to report recovery than orchestral players because of the innate demands of 

that profession. The soloist is unable to make compromises and needs almost 100% recovery in order 

to continue performing (Jabusch & Altenmüller, 2004).  
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2.3.2 Gender 
As mentioned before, focal dystonia is much more common in men than women (Brandfonbrener, 

1995; Lederman, 1991b). Newmark et al. (1987) report focal dystonia to be six times more common in 

male musicians than female musicians. In a study by Jabusch and Altenmüller (2006), males 

outnumbered female by 4:1. Similarly, reports by Lim and Altenmüller (2003) describe a male to 

female ratio of 6:1. This contrasts with musicians suffering from chronic pain, which is three times 

more common in females (Altenmüller & Jabusch, 2009; Jabusch & Altenmüller, 2004; Smith, Elliott, 

& Chambers, 2001). 

2.3.3 Age 
Focal dystonia most commonly occurs in the fourth decade of life in instrumentalists who have been 

playing for about 20 years (Altenmüller, 2003; Jabusch & Altenmüller, 2006; Lederman, 1991a; Lim & 

Altenmüller, 2003). Lederman (2002) suggests that because most sufferers are professional musicians 

in their mid-thirties, cumulative practice may be more of a precursor than hours per day at the time of 

onset.  Perhaps the vulnerability at this age also coincides with a time of life in which personal and 

professional demands are at their peak. When a musician experiences lack of control in a skill he has 

perfected over years of practice, there is disillusionment and despair (Tubiana, 2000). 

2.3.4 Instrument Type and Workload 
As mentioned earlier, focal dystonia is most common in the hands of pianists and guitarists, although it 

can also affect the embouchure of wind and brass players (Lim et al., 2001; Tubiana & Chamagne, 

2000b). It usually occurs in the hand that carries the greatest instrumental demands regardless of hand 

dominance (Frucht, 2009; Jabusch & Altenmüller, 2006). Focal dystonia usually affects the right hand 

of pianists and guitarists and the left hand of string players. In a study by Tubiana (2000b), 42 out of 46 

pianists suffered from focal dystonia in the right hand. Lim and Altenmüller (Lim & Altenmüller, 

2003) note that the fingers in the right hand of guitarists often touch and suggest that this repeated 

sensory stimulation of adjacent fingers may contribute the to blurring in the cortex. Occasionally 

sufferers are affected bilaterally, but this only occurs in instrumentalists such as pianists and wind 

players who use similar movement patterns in both hands (Jabusch & Altenmüller, 2006).  

Violinists and violists are more often affected than those playing cellos and double basses, perhaps 

because of the quicker responses required and the increased level of fine motor coordination necessary 

to negotiate the smaller physical distance between notes on these instruments (Jabusch & Altenmüller, 

2006). Jabusch and Altenmuller highlight the ‘higher spatial sensorimotor precision’ needed for the 

violin and viola. (p. 211)
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Dystonia usually begins in one finger before others begin to be involved.  As mentioned earlier, it is 

most common on the ulnar side of the right hand in pianists perhaps because of the demands of the 

instrument on the upper part of the right hand (Frucht, 2009) and in violinists it is usually D4 and D5 of 

the left hand that are affected, possibly due to the unnatural position on the violin of the weak side ot 

the hand (Conti et al., 2008). 

Rosenkranz (2007) suggests that there may be a difference in epidemiology between task-specific and 

non-task-specific cases of focal dystonia. In a study of 124 musicians between 2002 and 2007, she 

found that the 83 instrumentalists who experienced symptoms only at the instrument (task-specific) 

were classical musicians, whose training demanded more intensive practice. This group, predominantly 

keyboard and plucked string instrumentalists, developed focal dystonia earlier than those whose 

dystonia also affected other fine motor skills and displayed similar symptoms to those seen in writer’s 

cramp. The non-specific group (n=41) did not have a history of such intensive practice at the 

instrument. 

2.4 Reports of Treatment 
Focal dystonia can threaten the livelihood and indeed the very identity of a musician. Brandfonbrener 

writes: 

No one who knows or has cared for musicians affected with focal dystonias can fail to feel not 
only empathy but also a great frustration with being so ineffective in providing significant help, 
and even less effective at providing a permanent solution. (Brandfonbrener & Robson, 2004, pp. 
255-256) 

Most musicians are reluctant to report injury, and do not always seek medical help until their continued 

efforts make matters worse. Once diagnosis has occurred, they become extremely motivated to pursue 

any treatment that will return them to their prior playing capability. The symptoms of focal dystonia are 

often subtle and may be apparent only to the musician himself, making diagnosis is problematic 

(Lederman, 1991b). It is also often difficult to assess which finger is the primary dystonic finger and 

which movements are compensatory (Ferrarin, 2008).  

Because no one therapy has reported complete success, treatment often involves a multidisciplinary 

approach (Tubiana, 2003a). However, misdiagnosis still occurs, and available medical interventions to 

date have not produced consistent results. It seems that greater success is possible when there is early 

intervention and where consultation with experienced music teachers can allow diagnosis of the 

problem and prevent deterioration of symptoms (Jankovic & Ashoori, 2008; Lederman, 2002).  
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A number of treatments have been tried with the aim of establishing new sensorimotor pathways, but 

all have limitations. It seems that no single treatment is completely effective. Musicians are often 

disappointed and so lose motivation to continue treatment (Jabusch & Altenmüller, 2006). Very often it 

is necessary for the sufferer to make compromises in repertoire choice or activity and only rarely does a 

musician return to full capability (Altenmüller & Jabusch, 2010). A study of 144 patients by Jabusch et 

al. (2005) explored the effectiveness of the treatments discussed below. The study investigated 

subjective responses on average 8.4 years after the onset of dystonia and 3-4 years after the initial 

intervention. Out of 54% who reported improvement, 33% improved with the use of trihexyphenidral, 

49% with botulinum toxin, 50% with pedagogical retraining, 56% with unmonitored technical 

exercises and 63% with ergonomic changes. Only two patients were free of symptoms at the end of the 

study (Jabusch & Altenmüller, 2006). 

2.4.1 Botulinum Toxin 
Some success has been reported with injections of botulinum toxin (Altenmüller, 1998; Jabusch et al., 

2005; Schuele, 2005) and it is these that have helped Leon Fleisher to perform with two hands again 

after thirty years of being unable to play (Sulik, 2003). The effect of botulinum toxin is to block the 

nerve impulses to the muscles, thus temporarily weakening the muscle (Altenmüller, 2003).  This can 

help to free the hand to change the position of the wrist or finger, so improving the biomechanics and 

enabling better coordination, which can facilitate retraining (Altenmüller, 1998; Jabusch et al., 2005). 

Although this can be beneficial initially, it is less successful long-term (Sheean, 2007). The 

disadvantage is that the injections are associated with significant side effects; too much botulinum toxin 

results in weakening or paralysing the muscles too much, and not enough is ineffective; and the 

injections have to be repeated every eight to twelve weeks, or symptoms return to their previous level 

(Altenmüller, 2003).  Only rarely does this treatment result in a return to the pre-dystonic performing 

level.  

In the study by Jabusch et al. (2005), 40% of patients subjectively reported some alleviation of 

symptoms with botulinum toxin. They recommended that injections were only given to patients where 

there was clear distinction between primary dystonic and secondary compensatory movements. In their 

study the most successful injections were in the muscles of the forearm. Ferrarin et al. (2008) have 

explored the use of instrumental movement analysis using EMG in order to assess the primary dystonic 

finger and thus clarify the appropriate site for injections of botulinum toxin. Injections in the hand can 

affect lateral finger motion and therefore were generally avoided in pianists since this prevented 

repertoire choices whish required wide lateral stretches (Jabusch et al., 2005). Moreover, injections of 

botulinum toxin can also weaken other uninjected muscles (Cogiamanian, Barbieri, & Priori, 2009; 

Wilson, 2000a), and so is often abandoned by musicians as of itself it is not sufficient for recovery 
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(Karp et al., 1994; Lederman, 2002; Wilson, 2000a). Injections of botulinum toxin are only intended to 

control the symptoms and do not change the root cause of focal dystonia. Degradation of the cortical 

representations can only be reversed by progressive, intensive and goal-orientated retraining (Byl & 

Priori, 2006).  

2.4.2 Anticholinergic Drugs 
Anticholinergic drugs which influence neurotransmission in the basal ganglia have also met with some 

modest success, although they mostly cannot be tolerated long term because of fatigue, dry mouth and 

slight memory impairment (Altenmüller, 2003) The Institute for Music Medicine in Hannover has 

found that trihexiphenidal acts on the basal ganglia to assist the forgetting of unfunctional motor 

memory, and therefore can be useful to assist retraining. Trihexiphenidal has also been shown to be 

beneficial in the initial stages of focal dystonia to prevent symptoms from developing (Altenmüller, 

Granert, Peller, Jabusch, & Siebner, 2009). In a survey of treatment strategies in musicians with focal 

dystonia Jabusch et al. (2005) reported an alleviation of symptoms in 33% of the musicians treated with 

trihexphenidyl for more than two months, however there was a high incidence of side effects (23%) 

necessitating discontinuation of the treatment.   

Following anecdotal reports of temporary improvement in some patients after smoking cannabis, 

Jabusch and Altenmüller (2006) report a five-hour improvement in one pianist with 5mg 

tetrahydrocannibinol. However, in two others there was no significant improvement.  

It seems that there are responders and non-responders to both pharmaceutical and electrophysiological 

interventions, and Jabusch et al. (2009) conclude from this that focal dystonia is a condition with 

different pathologies. 

2.4.3 Surgical Release of Peripheral Nerve Entrapments 
Charness et al. (1996) describe several instances when flexion of D4 and D5 has indicated ipsilateral 

ulnar neuropathy, and a few improved with surgery to free the ulnar nerve entrapment. However 

Rosset-Llobet and Fabregas I Molas (2010) found nerve compression to be a factor in only a few cases, 

and because it is now accepted that focal dystonia is a neurological problem, they do not find it 

particularly relevant in the development of focal dystonia (p. 225). 

2.4.4 Immobilisation 
Rest as a treatment for writer’s cramp has been documented since the late nineteenth century, when 

hands were often splinted or placed in a sling to discourage usage. Priori et al. (2001) suggested that if 
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sustained or prolonged motor activity could worsen dystonia, owing to the enlargement and smearing 

of the motor areas in the cerebral cortex, then the reverse could be true: limb immobilisation could 

shrink the cortical representation and thus alleviate the symptoms of dystonia. In an initial study seven 

musicians were immobilised for four to five weeks, and then gradual return to the instrument was 

closely controlled, beginning at ten minutes per day for the first week, 30 minutes per day for the next 

three weeks and then one hour per day for the following month. On removal of the cast the subjects 

experienced clumsiness and weakness lasting up to ten days, but most muscle atrophy disappeared 

within three weeks. There was marked improvement in all seven subjects in this trial; however, when a 

more formal study was done by Pesenti et al. (2004) the results were less conclusive, ranging from 

marked improvement to no improvement at all. This treatment was more successful when tried in the 

early stages of dystonia but was of little benefit in cases of more than five years duration. However, this 

treatment was acknowledged as being safe, with the possibility that if rest could restore normal cortical 

representations, then retraining protocols reinforcing correct movement might follow more successfully 

(Cogiamanian et al., 2009). 

2.4.5 Sensory Retraining  
The very nature of focal dystonia suggests problems of sensorimotor reorganisation and therefore 

successful treatment may need to involve both motor and sensory retraining (Sheean, 2007). The goal 

of sensory training is to restore the cortical representation by being able to activate muscles selectively 

(Cogiamanian et al., 2009).  

Byl and McKenzie (2000) detected that a difficulty in discriminating tactile stimuli was characteristic 

in both hands of dystonia sufferers and so developed a sensorimotor training programme (with and 

without biofeedback), mental practice techniques, exercises, and mirroring techniques. They also noted 

that focal dystonia sufferers demonstrate decreased fine motor control and motor accuracy in the hand, 

as well as reduced finger spread and forearm pronation. Byl and McKenzie designed sensory tasks 

where the subjects had to identify objects with varying textures, designs and shapes such as dominoes 

and Braille cards. Training sessions were supervised for 1.5-2 hours per week with detailed instructions 

for home practice. This sensory training programme was successful in improving the symptoms of 

focal dystonia over three to six months in nine out of twelve patients, but with none reporting 100% 

recovery (Byl & McKenzie, 2000). 

Zeuner et al. (2002) have also experimented using Braille for sensory retraining in patients with 

writer’s cramp. Their aim was to improve patient’s spatial discrimination and localisation, but found 

that although there were improvements in sensory discrimination over eight weeks, these diminished 

after patients stopped practising the exercises. Pascual-Leone (2001) even suggests that the learning of 
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Braille may be a useful skill for all musicians to ensure clarification of sensory inputs and so help to 

prevent the possibility of dystonia. 

Since 2002 Byl et al. (2006) have completed further studies involving retraining work for 1-2 hours per 

week with a therapist, combined with a home practice schedule of 30-60 minutes daily over 6-12 

weeks. All twelve musicians showed improvement, although lack of constant monitoring at home could 

impede progress when the patient did not fully understand the importance of gradual progression.  The 

retraining could only be successful then there were stress-free patterns of hand use, at a speed where 

the dystonic reaction could be avoided.  

A further sensory experiment with patients with writer’s cramp has been accomplished by Tinazzi et al. 

(2005), who used transcutaneous electrical nerve stimulation (TENS) in a two-week study of 10 

patients with writers cramp. They reported some improvement which lasted for about three weeks, 

indicating that this treatment may warrant further investigation. 

2.4.6 Transcranial Magnetic Stimulation (TMS) and Transcranial Direct Current 

Stimulation (tDCS) 
Rosenkranz et al. (2009) found enlarged sensorimotor organisation in both healthy musicians and those 

with focal dystonia. However, since the focal dystonia group showed even larger sensorimotor 

representations, Rosenkranz et al. hypothesised that motor control could be regained by reversing the 

reorganisation with proprioceptive training. Using transcranial magnetic stimulation (TMS) and 

proprioceptive training they were able to show an improvement in sensorimotor organisation and motor 

control in the pianists with focal dystonia, whereas non-musicians and healthy musicians displayed no 

change. Before retraining pianists with focal dystonia, patients showed a slower release of the key and 

greater irregularity in a five-finger pattern, but after training their performance was more similar to that 

of healthy musicians. The improvement related directly to the amount of sensorimotor reorganisation 

that was achieved (Rosenkranz et al., 2009). 

A further non-invasive treatment to modulate activity in the motor cortex is transcranial direct current 

stimulation (tDCS); anodal tDCS has been shown by Nitsche and Paulus (2000) to enhance excitability 

while cathodal tDCS can assist inhibition. Because there is overexcitability in the motor cortex in 

musician’s dystonia, cathodal tDCS has been suggested as a possible tool to assist retraining, and when 

combined with five consecutive days of retraining was found to give a better result than in the placebo 

situation (Jabusch et al., 2009). Although the use of TMS and tDSC is at present a research tool,  they 

may be useful as an adjunct to other therapies (Cogiamanian et al., 2009). 
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2.4.7 Splinting 
Candia et al. (2002) took the sensory retraining concepts one step further and hypothesised that focal 

dystonia could be treated with behavioural intervention. They developed ‘sensory motor retuning’ in 

pianists and guitarists using splint therapy, in which a non-dystonic finger considered to be 

‘compensating’ is immobilised, thus freeing the dystonic finger to move independently. The splinting 

allows the dystonic finger to move with less stress and so enables better biomechanics in the hand. One 

finger is immobilised while a series of exercises are performed with the dystonic finger in coordination 

with the movements of the other fingers. In their study, subjects were ‘splinted’ for five blocks of ten 

minutes during which time they had to perform various sequences of notes at a range of tempi, with 

two-minute rests between blocks. After a 40-minute rest they were invited to play without the splint for 

15-30 seconds, increasing this time until they could play for 15 minutes. After eight consecutive days 

of 1.5 to 2.5 hours supervised sessions they were instructed to practise with the splint for one hour per 

day for one year. This was encouraging for the subjects and resulted in some improvements in six 

pianists and two guitarists, but was not beneficial for the three wind players in the study. The subjects 

were permitted to continue with some repertoire practice, which helped their motivation, and several 

were able to perform some repertoire with difficulty as long as they applied some unconventional 

fingering to avoid triggering the dystonia. In a further study Candia et al. (2003) showed that this 

treatment could improve cortical organisation. 

2.4.8 Retraining 
Current research indicates that retraining can be beneficial in treating musician’s dystonia (Altenmüller 

& Jabusch, 2010; Chamagne, 2003; Tubiana, 2003b). In a review by Jabusch et al. (2005) the long-

term outcome of 144 musicians with focal dystonia was presented. Overall only 54% reported an 

improvement in symptoms: the greatest improvements were seen in pedagogical retraining, technical 

exercises and ergonomic changes. In 1991 Cole et al. wrote, “The disorder is so highly task-specific 

that changing the technique may solve the problem” (Cole, Cohen, & Hallet, 1991, p. 137). Retraining 

methods, although time intensive and often needing a long-term commitment to years of therapy, 

appear to have lasting benefits (Tubiana, 2003b). Specific rehabilitation protocols may help ‘rewire’ 

cortical connections, thereby allowing correct movement (Pesenti et al., 2004). This process requires 

the sufferer to ‘unlearn’ elements of  habitual technique and to establish ‘more normal’ movements 

(Lederman, 2002).  

In order to retrain the brain it is necessary to repeat biomechanically efficient or ‘normal’ movements 

with greater frequency than abnormal movements (Byl et al., 2009). The patient must learn to use the 

hand with minimum stress and to stop activities that cause the ‘abnormal’ movements (Byl, 2006b). 
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Therefore retraining at the instrument must be at a level of speed and force that makes it possible to 

avoid dystonic movements (Altenmüller & Jabusch, 2010).  

Byl (2006b) has developed a home-based programme of fitness, and learning-based sensorimotor and 

memory training. She stresses that the patient, therapist, physician and family must work together to 

give the patient encouragement and an expectation for improvement. She finds that patients who are 

able to have supervised practice respond better than those left to engage in the home-based programme 

independently, where the patient can unwittingly reinforce incorrect movements (Byl et al., 2009). 

Therefore, an essential component for recovery is commitment and understanding by the patient so that 

home-based learning can be productive (Byl, 2006b). Byl finds that the approach to retraining must be 

motivating, goal directed, and progressive in difficulty, and the desired changes must be repetitive and 

rewarded. The subject must also be given regular feedback and must be aware of the changes he is 

making. A beneficial way to increase awareness is through visualisation, where the sufferer is 

encouraged to imagine normal movement of the hand. The hand needs to be taught to move in a way 

that is stress free, and Byl lists a number of exercises that assist good biomechanics of the hand. These 

include activities to maintain the natural arch of the hand and stabilise the joints, and exercises to 

strengthen the intrinsic muscles and to develop a light precision grip. Use of the arm is encouraged to 

reduce the workload of the hand, and forceful finger movements and active spreading of the hand are to 

be avoided. Specific exercises are integrated with sensorimotor training away from the instrument. 

Tasks similar to those required at the instrument are also identified and consciously analysed so that the 

learning may transfer to activity at the instrument.  Biofeedback, mirrors and video technology are used 

to reinforce the learning process and give positive feedback on healthy performance. In one of Byl’s 

investigations into sensorimotor retraining she treated 13 subjects over an eight-week home training 

period with fitness activities, task practice, learning based memory and sensorimotor training (Byl et 

al., 2009). Evaluation was taken at baseline, immediately after training and after six months. After 

training, task-specific performance improved by 50-89%, and at six months all but one subject was able 

to return to work.  However, in a further study by the same group, comparing the effects of this 

retraining programme between writers and musicians with focal dystonia, McKenzie et al. (2009) 

found that subjects admitted to difficulty in sustaining the retraining schedule, and were tempted to 

return to abnormal performance of the target task rather than avoiding it. 

Tubiana and Chamagne (2000a) have also found neuromuscular reprogramming to be possible for 

some musicians. After treating more than 100 dystonia patients, they noticed various physiological 

tendencies and began to explore ways of changing how musicians use their whole body. Tubiana and 

Chamagne are essentially describing the principle of kinetic chain rehabilitation, which is widely 

practised in the discipline of sports medicine (Rice, 2003). Tubiana and Chamagne (2000a) noticed 

36 



muscular imbalance and lack of stability in the shoulder girdle, making fine coordination of the hand 

difficult. They also found problems with the ‘collapse’ of the fourth and fifth fingers at the 

metacarpophalangeal (MCP) joints, making the ulnar border of the hand unbalanced. Another common 

feature was a limitation of abduction beween D3 and D4 which had been previously described by 

Wilson (1993). Chamagne (2000) has developed a therapeutic programme with four distinct phases 

with the first three taking place away from the instrument. The emphasis is on achieving a balanced 

posture, increasing awareness in the body and refining patterns of movement. Chamagne (2003) was 

particularly conscious that musicians are generally more aware of the precision of their hands than of 

the supporting structures of the body and therefore he was insistent that rehabilitation must involve the 

whole body. The first stage of this rehabilitation involves establishing a balanced posture with 

particular emphasis on the pelvis, lower limbs and feet, and assisting awareness of this by closing the 

eyes. This process can take a number of weeks before progressing to the second phase, which 

incorporates the use of the upper limbs while maintaining the postural stability already established. 

Scapular stabilisation is part of this process.  The third stage involves strengthening of those muscles of 

the hands, shoulders and arms which will be used intensively in the playing of a particular instrument. 

In addition, exercises are given to increase proprioception. Return to the instrument is progressively 

managed, correcting technical problems and integrating these with the new postural and functional 

awareness. Splints are sometimes used to correct hyperflexion of joints and to maintain the metacarpal 

arch so that the fingers can move freely (Chamagne, 2000). This procedure is closely monitored, and 

involves gentle progression of speed and complexity combined with psychological support. In 

evaluating treatment between 1992 and 1999, Tubiana and Chamagne treated 145 musicians, of whom 

46 were pianists (Tubiana, 2003b). Of the pianists, 29 reported some improvement over 24 months, 

five abandoned treatment and 10 were still in ongoing therapy. Of the 12 who were able to return to 

concert performance, nine had begun treatment with relatively mild symptoms, i.e. could play easy 

pieces but had problems with technically demanding passages. For those who had begun treatment with 

unsteady fingering or blockage only three returned to concert performance. Tubiana finds that the 

chance for recovery is greatest when the treatment begins before the symptoms are too severe. He also 

stresses the importance of patient cooperation, understanding of biomechanics and a willingness to re-

evaluate the basic elements of instrumental technique. 

Most protocols agree that self-determination, commitment, and avoidance of the dystonic movements 

by reducing speed and force to a level that symptoms do not occur, are essential for successful 

retraining (Byl, 2009; Jabusch & Altenmüller, 2006).  

Although “doctors don’t keep pianos in their offices” (Graffman, 1986, p. 3), collaboration 

between  therapist  and  pedagogue  can  result  in  improvement  of  the  condition,  and  many 
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practitioners now acknowledge the importance of pedagogical knowledge to the rehabilitation process 

(Altenmüller & Jabusch, 2010; Byl, 2009). Skilled musicians are often able to analyse technical 

problems and reprogramme movements, which can then be reinforced by consistent detailed technical 

exercises (Lederman, 2002). This retraining process gives the sufferer an active participation in 

improving her own situation, which in itself is a motivating factor (Altenmüller & Jabusch, 2010; 

Jabusch & Altenmüller, 2006; Lederman, 2002). 

Wilson (1989) cites two cases of recovery from dystonia by retraining with music teachers. He found 

three ‘simple rules’ to be important: first, avoidance of striking the keys by using distal interphalangeal 

(DIP) joint flexion; second, avoidance of extreme finger abduction; and third, avoidance of 

simultaneous flexion and extension of the fingers. Awareness of dystonic movement can be assisted by 

instruction in body awareness such as Feldenkrais technique, and also by the use of mirrors so that the 

subject can monitor his own hand (Byl & McKenzie, 2000).   

Pianist Laurent Boullet has himself recovered from focal dystonia, and has successfully developed his 

own method of retraining based on anatomical and neuromuscular principles (Boullet, 2003). During 

his retraining he tries to keep the pianistic activity below the threshold of force and tempo that would 

trigger the dystonia. He has developed a three-phase training protocol: the first ‘deprogramming’ phase 

is to establish correct posture of the hand using slow exercises; the second is designed to redevelop the 

muscles using optimal movements; and the third ‘reprogramming’ phase begins once involuntary 

movements have been eradicated. Like Nancy Byl  (2006b), he also uses mirrors and monitors to 

increase the musician’s awareness of the dystonic movements, and experiments with splints to help 

avoid compensatory movements (Jabusch et al., 2009). This retraining programme is often combined 

with other medical interventions such as anticholinergic drugs and botulinum toxin at the Hanover 

Institute of Music Medicine. In a study of 24 musicians 50% reported improvement after an average of 

28 months following pedagogical retraining (Altenmüller & Jabusch, 2010). 

The concept of reducing speed in order to clarifiy movements has been explored in a study by Sakai 

(2006), where twenty pianists with focal dystonia were treated with a ‘slow-down therapy’. A piece of 

music containing a passage that triggered the dystonia was slowed down to a metronome speed at 

which the dystonic movement could be prevented. The pianists were then instructed to practise this 

piece for 30 minutes per day for two weeks at the given slow metronome speed. Sakai hypothesised 

that this method reduced the neural memories of dystonic movements to a level that memories 

associated with dystonia could be repaired. If this was successful in preventing the dystonic movement, 

the pianists were instructed to increase the speed by 10-20%, as long as this increased speed did not 

trigger the cramp. Increases in speed continued at two-weekly intervals unless the dystonic movement 
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reappeared, when the speed was reduced again. Slow-down therapy proved effective in improving the 

dystonia in this study (p<.05): following 1-6 years of therapy, 12 pianists reported a return to normal 

level and eight reported only mild difficulty. Unfortunately, Sakai does not describe the severity of the 

focal dystonia suffered by her subjects, which makes the generalisation of her results to the wider 

group of musicians affected with focal dystonia questionable.  

New York therapist Kathleen Riley has designed a diagnostic and retraining tool for pianists that can 

measure fine gradations of finger movement and muscle release (Gibbs, 2003; McNeill, 2003; Riley, 

Coons, & Marcarian, 2005). Using a Yamaha Disklavier, synchronized to a video camera and a laptop 

computer, the musician can become aware of unwanted muscle tension. The Disklavier is an acoustic 

piano, which can measure the time intervals between key strikes (inter-onset intervals), and the velocity 

and duration of each key strike. The pianist is able to see the result on a piano roll while playing as well 

as viewing their posture and hands on the screen. In addition, through surface electromyography 

(sEMG) feedback the pianist can understand specific moments of tension and release. Riley is using 

this tool to assist pianists with focal dystonia in New York (K. Riley, personal communication, April 

2008). 

In order for retraining to be successful, “pathological connections must be uncoupled” and selective 

movements must be reprogrammed and practised “to engage specific and relevant sensory neurons” 

(Byl, 2006b, p. 230). Burman et al. (2008) suggested that successful therapy must involve exercising 

each pair of fingers, developing independent movement for each finger. This process takes 

considerable time. Indeed, Tubiana believes that focal dystonia is not incurable and that with a long 

rehabilitation programme and a multidisciplinary approach, progress can be made (Tubiana & 

Chamagne, 2000a). Furthermore, a long-term supportive relationship over at least one year between 

retrainer and musician has been described as necessary for a successful outcome (Wilson, 2000a). 

These reports suggest that return to the previous level of playing is possible with closely monitored 

instruction, and with a retraining programme that gives the sufferer encouraging results (Tubiana, 

2003b). 

For all of these retraining protocols, motivation and persistence are required on the part of the subject, 

and unless the subject is aware of his own progress, treatment tends to be discontinued after a year 

(Jabusch et al., 2005). Because of the long-term patience required for recovery, many musicians 

become disillusioned, as therapy for complete recovery may take years (Lederman, 2002). Successful 

retraining requires active participation, perseverance and focus as well as unending patience and 

support from the retrainer (Tubiana & Chamagne, 2000a).  
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Several renowned musicians have found ways to treat their own dystonia. Guitarist David Leisner is 

one who orchestrated his own recovery after twelve years of seeking professional therapeutic help 

(Leisner, 1997). His recovery was based on his own research into the movements involved in playing 

the guitar. He discovered that by greater emphasis on the larger muscles groups of the arm and 

shoulder, he could avoid the dystonic movement. He began by just using two fingers then gradually 

three, four and five fingers over a period of four years of experimentation, after which he was able to 

return to the concert platform. 

Pianist Hung Kuan Chen likewise retrained his own brain through Qi Gong meditation and his own 

unique research, so that he is again able to play at professional concert level (Chen, 2008a). Chen 

decided that beneath the dystonic movements was an original movement memory that could be 

uncovered, so ‘undoing’ the effects of focal dystonia. On waking in the night he was able to play a little 

until he was fully aware, when the dystonia would interfere with his movements. He decided that he 

needed to become aware of the threshold where the dystonic reaction did not occur so that he could 

rediscover his original movement memory. Because touching a piano key already caused a dystonic 

reaction, he began experimenting with small buttons on a remote control until he could push these 

down without compensatory movement. He gradually moved to the piano keys, where he would 

depress each key extremely slowly from a variety of angles with minimum pressure, staying beneath 

the threshold of dystonic reaction and reprogramming each movement. He avoided all anxiety and 

gradually built up these movements with full concentration and epic patience until he found he could 

transfer them into repertoire. From that point it was only four months before he returned to concert 

playing (Chen, 2008b). 

Pedagogues such as Dorothy Taubman and Teresa Dybvig have reported cases of assisting pianists to 

overcome focal dystonia. However, because piano pedagogues tend to work instinctively, most reports 

of recovery are anecdotal, without the verification of scientific studies (Dybvig, 2005). Dybvig finds 

that pianists with focal dystonia generally display poor posture, with the head hanging forward and the 

upper body leaning backwards. She also notices misalignment of the hands and arms generally with the 

wrist ‘dipping’ between the elbow and the hand. As a teacher trained in the Taubman method of piano 

playing (Taubman, 1984), Dybvig cites a number of technical factors which may contribute to the 

development of focal dystonia: ulnar or radial deviation of the wrist, an overextended metacarpal ridge 

causing hyperextension of the proximal interphalangeal joint (PIP), the pulling of the D2 towards D1, 

avoidance of using the length of the key, hyperextension of the PIP or DIP joints, and too much force 

caused by aiming through what Taubman refers to as the ‘point of sound’, which occurs when the 

hammer strikes the string. This can be felt as a resistance in the key, which occurs just before it reaches 
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its lowest point (Mark, Conable, Gary, & Miles, 2003). Taubman maintains that healthy correction of 

these technical habits can alleviate the symptoms of focal dystonia (Dybvig, 2007).  

Despite the anecdotal success of some therapies, the long-term effects of retraining and the use of 

interdisciplinary strategies need further evaluation (Altenmüller & Jabusch, 2010). 

2.4.9 Psychological Treatment 
The classical musician has spent countless hours acquiring her skill over years of practice, and 

therefore the loss of controlled movement is a devastating experience. Musicians are perfectionists who 

tend to tolerate any pain or discomfort in order to pursue their goals (Kolle, 2000). They tend to have a 

driving ambition, and the loss of the ability to play threatens their whole identity (Frucht, 2004; 

Tubiana, 2003b). This identity and self-image needs to be rebuilt with assistance from a skilled 

professional as part of the retraining process, where a balanced view of life is an essential component 

(Kolle, 2000). 

2.4.10 Combinations of Teatment 
Because it seems that focal dystonia is a condition with different pathologies, no single treatment is 

applicable to all sufferers, and most benefit may be found with early intervention by a combination of 

therapies (Cogiamanian et al., 2009; Jabusch et al., 2009). Altenmüller and Jabusch (2010) are working 

with a variety of treatment strategies combined with controlled retraining. One strategy is to combine 

botulinum toxin injections with retraining in order to maximise motor relearning. Byl (2009) also 

stresses the importance of a multidisciplinary team to facilitate recovery, combining treatment from 

neurologists, hand surgeons, and physical therapists to assist understanding of exercise strategies, and 

music teachers to modify the playing technique. Both Byl (2006b) and Cogiamanian et al. (2009) stress 

that changes in the brain can only happen with attended, rewarded and repetitive learning which 

progresses gradually in difficulty and combines retraining with biomechanics at the instrument.  

2.4.11 Relapse 
The risk of relapse after successful treatment is unknown. To date there are no reports in the literature 

that investigate the risk of relapse or how this could be prevented. In a long-term study between 1985 

and 2001 Schuele and Lederman (2004) found the long-term outcome to be successful in less than 

50%,  with more than half having to give up their musical career.   

41 



Sheean (2007) highlights the importance of treatments that utilise the principle of neural plasticity to 

include both motor and sensory retraining. He suggests that variety in training, in order to reduce 

repetition, is important to reduce the risk of relapse.  

Zeuner and Malloy (2008) note that despite benefits of retraining, dystonic symptoms may reoccur 

when the retraining exercises cease. If there is a genetic predisposition for abnormal plasticity, then 

they suggest that improvements can only be sustained by continuous training. 

2.5 Risk Factors and Prevention Strategies 
There are no reports in the medical literature investigating strategies to prevent musicians from 

developing focal dystonia. Avoidance of hypothesised risk factors has been suggested, but this remains 

speculative. Byl (2009) stresses the importance of stress-free, biomechanically favourable technical 

training protocols combined with programmes of fitness and holistic body use. A study by Wilson et al. 

(1993) suggest  that since focal dystonia only develops after movement repetition combined with 

adverse biomechanics, then it must be preventable by avoidance of such movements. They also cite the 

need for the musician to take seriously any abnormal tensions in the hand rather than trying to solve 

them by excessive practising of the incoordinate movement.  

Green et al. (2000) believe that a ignorance of basic physiology plays a major part in the development 

of musicians’ injuries. Musicians who present with injury often display poor posture of the shoulder 

girdle, vertebral column and pelvis, which can prevent freedom of movement in the upper limb 

(Dommerholt, 2000). Radial and ulnar deviation in pianists are common, and can often be prevented by 

an adjustment of the torso as the playing moves along the keyboard (Brown, 2000). Simultaneous 

contraction of forearm flexors and extensors should be avoided, and this occurs when pianists play with 

high round fingers where excessive DIP flexion causes extension of the MCP joint (Green et al., 2000). 

Tubiana (2000) notes a number of symptoms which occur prior to the onset of focal dystonia. Often a 

musician will have difficulty spreading the hand due to unexplained stiffness. Passages of music which 

were previously problem-free suddenly become sluggish or uneven. A hand may feel fatigued or a 

finger may be difficult to lift. Tubiana stresses that rather than persisting in trying to overcome these 

irregularities, these warning signs need to be investigated with assistance from an expert pedagogue or 

physician with experience of focal dystonia.  

Green et al. (2000) stress the importance of interspersing practice with breaks and change of activity, 

using breathing to relax the body and warm-ups before beginning practice. Tension can often occur 
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when a piece is unfamiliar, and they suggest this can be reduced by cognitive rehearsal. They find that 

the most significant time of risk occurs prior to an examination or concert, when the musician tends to 

practise incessantly without rest periods. 

Because exaggerated perfectionism and anxiety have been shown to be risk factors, Altenmüller and 

Jabusch (2010) suggest that a healthy attitude to performance from the very early years of tuition may 

assist the prevention of musicians’ injuries such as dystonia. They list “reasonable practice schedules, 

ergonomic technique, prevention of overuse and pain, mental practice, variations of movement 

patterns, maintenance of motivation and avoidance of mechanical repetitions and frustration, healthy 

living habits, warm-ups and cool-down exercises, regular physical exercise and sufficient breaks and 

sleep” as “cornerstones of healthy music practice” (Altenmüller & Jabusch, 2010, p. 9). 

In summary, current research indicates that to date there is no definitive cure for focal dystonia. It is 

multifactorial and no one treatment is appropriate for all musicians. Growing evidence suggests that 

retraining at the instrument must be a part of any successful treatment and that it is important to 

understand the biomechanics of technique from a musician’s point of view.  The development of the 

piano and its place in the concert hall today has profoundly influenced the way in which pianists play, 

and therefore I shall first look at pianism from both a historical and personal perspective in order to 

investigate how this knowledge can inform a biomechanical understanding of  piano technique that 

may be unseful in the prevention and treatment of focal dystonia. 
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CHAPTER THREE 
PIANISM 

Musical skill depends upon movements in which the entire body participates, but is built on 
precise control of the smaller muscles of the arms and hands. The musician, a small-muscle 
athlete, is not just a big athlete in musculature. No other activity in which we engage requires 
that accuracy, speed, timing, smoothness, or coordination of muscular contraction exhibited in 
finished musical performance. (Wilson, 1986, p. 27) 

Performing music at a professional level is one of the most demanding of human endeavours (Munte et 

al., 2002). Excellent pianistic skill requires more than technique: it encompasses the complete art of 

making music at the piano and this can be referred to as ‘pianism’. Technique at an instrument should 

always be seen as a means to an end: only when the physical playing becomes effortless can the 

musical intention be truly realised. When the body moves in harmony, physical limitations are reduced 

and true pianism can emerge, not simply as technique but as the art of piano playing. It is this art that 

can become magnetic in inspiring the pianist to search for ways of attaining the most beautiful sound 

from what is essentially a percussion instrument. The physical pleasure of playing the piano with 

minimal effort can then release the mind, spirit and the emotion to bring the abundant piano literature 

to life.  

This chapter explores the development of piano technique from the time of the early keyboard 

instruments and discusses the way in which the development of the modern piano has affected the way 

pianists play. In the latter part of the chapter I outline my views of pianism. 

3.1 History 
The ongoing development of keyboard instruments between the sixteenth and late nineteenth century 

has had a profound influence on the evolution of piano technique. In the seventeenth and eighteenth 

centuries the harpsichord and clavichord were the most popular instruments and although the first piano 

was invented by Bartolomeo Cristofori around 1700, it was not until the latter part of the eighteenth 

century that the piano became widely accepted by composers and performers. The new piano was 

capable of greater dynamics and power: The length of the keyboard increased from five to seven 

octaves and the key depth was increased. By the mid-nineteenth century production of the harpsichord 

and clavichord had been largely discontinued, and by the 1880s the piano had reached the height of its 

development. Little has changed in the construction of the piano since that time, but piano technique 

has continued to evolve as composers and performers explore the possibilities of the instrument.   

.   
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3.1.1 Early Keyboard Instruments 
The keyboard instruments of the seventeenth and eighteenth centuries require a technique that differs in 

many ways from that needed for the modern piano. The keys in a harpsichord are much lighter than 

those of our modern piano and the depth of key depression much less, and therefore little force is 

needed to depress the key in order for the string to be plucked by the plectrum or quill. Variations in 

dynamics are largely achieved by changes of register and not by exerting extra pressure on the key. 

Articulation, note lengths and ornamentation become the prime means for creating contrasts of colour 

and character in the music. Fingering traditions often involved the crossing of long fingers over short 

fingers, resulting in minimal use of D5 and D1. It was the genius of J. S. Bach that brought about the 

first major change in keyboard technique, for the complexities of his music could not be executed 

without using all the fingers, including the thumb. Carl Philip Emmanuel Bach wrote about his father: 

My late father told me about having heard great men in his youth who did not use the thumb 
except when it was necessary for large stretches. Since he lived at a time in which there was 
a remarkable change in musical taste, he was obliged to think out a much more complete use 
of the fingers and especially to use the thumb…Thus it was raised suddenly from its 
former idleness to the position of the principal finger.  (C.P.E.Bach,1753, cited in David & 
Mendel, 1972, pp. 359-360) 

The clavichord places different demands on the player: the strings are struck by tangents which remain 

in contact with the string, and variations in colour can be achieved by a vibrato of the fingertip, which 

produces subtle changes in the lower dynamics. Great finger sensitivity and control are needed for both 

clavichord and harpsichord, and this was thought to be best achieved by a technique which focussed on 

curved fingers, held close to the keys with the finger tips in a straight line with the thumb, with the 

hand remaining as calm as possible. Any force or unnecessary hitting of the keys was undesirable, and 

the aim was for the arm to feel weightless and uninvolved. Forkel describes the technique of Johann 

Sebastian Bach: 

..the five fingers are bent so that their points come into a straight line, and so fit the keys, which 
lie in a plane surface under them, that no single finger has to be drawn nearer when it is wanted 
but every one is ready over the key which it may have to press down… no finger must fall upon 
its key, or (as often happens) be thrown on it, but only needs to be placed upon it with a certain 
consciousness of the internal power and command over the motion. (Forkel, J.N.,1802, cited in 
David & Mendel, 1945, pp. 308-309) 

With the fingers close to the keys, the aim was to depress them with equal pressure by a gentle flexing 

of the MCP joints: 
The impulse given to the keys, or the quantity of pressure, must be maintained in equal strength, 
and that in such as manner the finger be not raised from the keys, but that it glides off the 
forepart of the key by gradually drawing back the tip of the finger toward the palm of the hand. 
(Forkel, J.N.,1802, cited in David & Mendel, 1945, pp. 308-309) 
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In order to achieved the desired lightness, the arm played little part in the playing, and the aim was to 

keep the hand as still as possible, focussing on small movements of the fingers. Bach is said to have 

played with: 
.. so easy and small a motion of the fingers that it was hardly perceptible. Only the first joints of 
the fingers were in motion; the hand retained even in the most difficult passages its rounded 
form: the fingers rose very little from the keys, hardly more than in a shake (trill), and when one 
was employed the other remained quietly in its position. Still less did the other parts of his body 
take any share in his play as happens with many whose hand is not light enough. (Forkel, J.N., 
1802, cited in David & Mendel, 1945, pp. 308-309) 

Likewise, Handel and Rameau are said to have played with minimal finger, hand and arm movement. 

Charles Burney writes that Handel’s fingers were “so curved and compact that when he played no 

motion and scarcely the fingers themselves could be discovered” (Burney, C., 1789, cited in Gerig, 

2007, p. 24). A light touch was desirable and Rameau warned against unnecessary hand movement: 
Never weigh down the touch of your fingers by an effort of the hand… On the contrary, let your 
hand sustain your fingers and thus make the touch lighter; this is of great consequence. (cited in 
Landowska, 1965, c1964, p. 169) 

However, with the extrovert music of Scarlatti came a change of approach. His virtuoso jumps and 

leaps were not possible without arm involvement, and the sight of such movement must have appeared 

quite shocking at the time. Scarlatti’s playing is reported to have so impressed the travelling 

harpsichordist Thomas Roseingrave that he “thought that ten hundred devils had been at the 

instrument…. and he did not touch an instrument himself for a month” (cited in Burney, 1957, p. 704). 

3.1.2 The Fortepiano 
In the eighteenth century the advent of the fortepiano with its escapement action gave composers the 

opportunity for demanding changes of dynamic and nuance that had previously not been possible on 

the harpsichord or clavichord. Keyboard compositions required greater tonal subtlety, as can be seen in 

the evolution of sonatas of Mozart and Haydn. Mozart was probably the first of the virtuosi on the new 

instrument, and in 1777 wrote enthusiastically to his father: 
When I strike hard, I can keep my finger on the note or raise it, but the sound ceases the 
moment I have produced it. Whatever way I touch the keys, the tone is always even. It never 
jars, it is never stronger or weaker or entirely absent; in a word, it is always even. (Mozart's 
letters, 1977, cited in Anderson, 1966, pp. 328-329) 

Because of the light action of the Viennese instruments, the technique that Mozart used was probably 

not very different from the traditional technique used for the older instruments (Gerig, 2007, p. 49). He 

is said to have adopted a smooth, flowing touch and a singing cantabile for long melodies, but for 

virtuoso passage-work he tended to use the non-legato touch that had been customary on the 

harpsichord (Badura-Skoda, 1962, pp. 55-56).  
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Clementi was the first composer-pianist to adopt a more legato style, adding effects such as tremolos, 

cross-hands and double thirds (Kochevitsky, 1967, p. 1). He composed over sixty piano sonatas as well 

as writing the first books on technique. He wrote: 
The hand and arm should be held in an horizontal direction; neither depressing nor raising the 
wrist; the seat should therefore be adjusted accordingly. The fingers and thumb should be 
placed over the keys, always ready to strike, bending the fingers in, more or less in proportion to 
their length. All unnecessary motion should be avoided. (Clementi, M.,1803, cited in Gerig, 
2007, p. 60) 

By insisting that the thumb remained over the keys, Clementi was unwittingly reinforcing a position of 

ulnar deviation, which is now considered one of the most common causes of pianistic injury (Brown, 

2000; Wristen, 2000; Wynn Parry, 2004). 

3.1.3 Beethoven’s Piano 
By the late eighteenth century pianos were being developed in England as well as Vienna and 

Germany. The possibilities of an increased tonal range were beginning to challenge established ideas 

on technique, but obtaining a fuller tone by the use of the arm was still considered undesirable. 

Hummel, a student of Clementi and a brilliant pianist, described the German pianos as having facility 

of execution which could be played by the weakest hand, but warned against overuse of the arm in 

order to gain power. He stressed: 

Passages which require to be executed with strength must, as in the German instruments, be 
produced with the power of the fingers, and not by the weight of the arm…we gain no louder 
sound by a heavy blow, than may be produced by the natural strength and elasticity of the 
fingers. (Hummel, J.N.,1828, cited in Gerig, 2007, p. 79) 

The English pianos had a fuller tone than the Viennese and German instruments, but their heavier 

action and deeper key depth placed greater technical demands on the pianist. Clementi favoured the 

fuller tone of the English piano but his goal was to achieve a ‘quiet’ hand. Therefore in order to 

negotiate the heavier English pianos the fingers were used more vigorously, lifting higher above the 

keys. He believed that the fingers should be equally strong and used independence exercises to 

strengthen individual fingers, repeatedly lifting and forcefully striking each finger in turn while 

depressing other keys within the five-finger position with the non-playing fingers (Kochevitsky, 1967, 

p. 3). In America in the 1880s, the search for independence even led some pianists to seek surgery in

order to separate the tendons between the fourth and fifth fingers. Fortunately, the dangers of such a 

procedure were soon recognised and these operations were not often performed (Kochevitsky, 1967, p. 

5). However, the damaging practice of independence exercises requiring excessive use of the extensors 

against the flexors still continues in some music schools to the present day. 
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It was the English Broadwood piano, with its heavier action and greater tonal and dynamic 

possibilities, that gave Beethoven the scope to explore a way of playing that involved the arm, thus 

opposing the harpsichord tradition of playing with fingers only (Kochevitsky, 1967). Beethoven used 

the new instrument to express his profound inner feeling through a much wider range of dynamics and 

colour. He searched for a full tone, using the power of the arm behind the fingers in order to overcome 

the increased key resistance in the new piano. Although “Beethoven’s playing was remarkable for his 

enormous power, characteristic expression and his unheard of virtuosity and passage work” he was 

accused of “mistreating the piano, lacking all cleanness and clarity, of creating nothing but  confused 

noise in the way he used the pedal, and finally writing willful, unnatural unmelodic compositions, 

which were irregular besides” (Czerny, 1956, p. 309).  

Czerny was Beethoven’s most famous pupil, and his many volumes of technical exercises have become 

the mainstay of many piano teachers to the present day. However, although so many teachers still 

advocate playing these exercises with a high finger action, Czerny was against this manner of playing. 

As each finger previous to its being used, must be held very near to its key (without however 
touching it): so, after the stroke, it must again return to its previous situation. (Czerny, C., 1839, 
cited in Gerig, 2007, p. 111) 

The goal to achieve a ‘quiet’ hand was paramount and led to the common practice of playing with a 

coin balanced on the back of the hand (Czerny, C.,1839, cited in Schulz, 1962, p. 112). Czerny 

believed that it was possible to gain extra tone by allowing the transfer of more weight to the keys 

without greater hand or finger movement. 

Before anything else, it must be observed that the crescendo should never be produced by a 
visible exertion of the hands, or by lifting the fingers higher than usual, when we are playing 
legato; but only by an increased internal action of the nerves and by a greater degree of weight, 
which the hand receives therefrom, without however fettering the flexibility of the fingers. 
(Czerny, C., 1839, cited in Gerig, 2007, p. 112) 

Czerny was the first to include in his writings warnings about pianistic activity which might be 

damaging to the health. When referring to martellato octaves he wrote: 
The player should take special care that the forearm should be only allowed so much movement. 
Excess in this respect would be too laborious and exciting, and in very lengthy passages might 
even become prejudicial to the health. (Czerny, C., 1839, cited in Gerig, 2007, p. 113) 

In his lesson books Czerny also showed an awareness concerning the alignment of the hand: 
An oblique position of the hands and fingers, whether inwards or outwards, is very injurious. In 
proportion to their lengths, the fingers must form a line with the length of the keys, and it is 
only in extensions or skips that this rule may be deviated from, so far as it may become 
necessary.(Czerny, C., 1839, cited in Gerig, 2007, p. 111) 
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Czerny wrote at length about posture at the piano: he stressed the dangers of playing in a “bent or 

crooked position”, or without foot support, and he recognised that an incorrect seat height could cause 

fatigue in the hands (Gerig, 2007).  

3.1.4 Mechanical Gadgets 
Such was the aim for developing a ‘quiet’ hand and arm that mechanical gadgets began to emerge. The 

first was a Chiroplast, a type of finger guide invented by Johann Bernhard Logier (1777-1846), which 

consisted of two movable brass plates with compartments for each finger set between two horizontal 

rails, thus keeping the arm free of vertical movement (Logier, L.B., 1816, cited in Gerig, 2007, p. 126). 

French teacher Friedrich Kalkbrenner (1785-1849) used a less restricted type of hand guide, where the 

forearm rested on a horizontal bar, so that only the movement of the hand was involved in playing. His 

aim was to prevent the stiffness he found in his pupils. 

What hinders beginners is the extreme tension which they show in all  of their practice. This 
tension causes their fingers to become like claws at the keyboard and gives the hands a very 
ungraceful appearance. Very often a whole lifetime is scarcely enough to correct the bad habits 
contracted during the first three months of lessons. (Kalkbrenner, F., 1830, cited in Gerig, 2007, 
p. 133)

Another composer-pianist to use the hand guide was Saint Saens. Although he recognised its 

limitations for the technique required for nineteenth-century repertoire, he found it to be effective in 

developing tone production of the finger alone before adding the “suppleness of wrist” and the weight 

of the arm (Murdoch, 1938, p. 115).  

3.1.5 The Romantic Period: Chopin and Liszt 
By the mid-nineteenth century the double escapement action which enabled much faster repetition had 

been invented by Sébastien Érard, giving rise to a new virtuosity on the piano. It was no longer possible 

to play the new works with the ‘quiet hand’ alone, and this led to a search for a coordinated technique 

that involved both hand and arm. Composers such as Chopin and Liszt had prodigious piano techniques 

and wrote the most demanding works, which were played with great success in the salons of Europe. 

Chopin’s Études marked a new departure, leaving the realm of pure technical exercises and becoming 

concert pieces in their own right. Through these études Chopin explored the possibilities of the piano, 

extending the technical demands and using wider hand spans and radical changes in fingering. Whereas 

the schools of Czerny and Clementi forbade the use of the thumb on black notes, Chopin often 

recommended it, as well as often passing certain fingers over others in order to maintain legato and 

shape a phrase. He understood the shape of the hand more than any of his predecessors, beginning 

lessons with the B major rather than the C major scale, and using the whole-tone scale beginning on E 
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for five finger exercises. Musical expression was paramount for Chopin and the technique to achieve it 

was a means to and end. Of his teaching Mikuli writes: 

What concerned Chopin most at the commencement of his instruction was to free the pupil from 
every stiffness and convulsive cramped movement of the hand, and to give him thus the first 
condition of a beautiful style of playing, soupeless (suppleness) and with it the independence of 
fingers... He recommended the bending inward and outward of the wrist, the repeated touch 
from the wrist, the extending of the fingers, but all this with the earnest warning against 
overfatigue… According to Chopin the evenness of scales (also of the arpeggios) not merely 
depended on the upmost equal strengthening of all fingers by means of five finger exercises and 
on a thumb entirely free at the passing under and over, but rather on a lateral movement (with 
the elbow hanging quite down and always easy) of the hand, not by jerks, but continuously and 
evenly flowing, which he tried to illustrate by the glisssando over the keyboard. (Mikuli, cited 
in Niecks, 1890, pp. 183-185) 

Chopin had intended to write a piano method book, but only fragments were completed. However it is 

clear that he was strongly opposed to the school that insisted upon equality of the fingers, believing that 

each finger had its own individual sound and capability, and that playing should also involve the wrist, 

hand and arm. 

The ability to be able to play everything at a level tone is not our object. Since each finger is 
formed differently it is far better to develop their special characteristics than to attempt to 
destroy their individuality. (Mikuli, cited in Niecks, 1890, pp. 183-185)  

While Chopin’s main interest was in developing technique to achieve musical expression, Liszt dazzled 

his listeners with virtuosity, playing with huge contrasts of dramatic sound that could be brutal as well 

as beautiful (Rosen, 1998). Like Chopin, Liszt also wrote études that were concert pieces, requiring 

“scintillating rapidity” and a “power of endurance that none of the old order of executants possessed.” 

(Chopin's manuscript, cited in Cortot, 1951, p. 46).  At that time he was the only pianist capable of 

playing them. The writings of Madame Auguste Boissier in her book Liszt as Pedagogue show that 

Liszt had also moved away from the finger school and was adopting a more biomechanically natural 

way of holding the hand. 

He does not hold his fingers curved because he says this position creates dryness and he has a 
horror of that. Neither does he hold his hands completely flat, but they are so limber and pliable 
that they maintain no definite position. (Boissier, A., cited in Gerig, 2007, p. 181) 

Liszt had superb coordination and played in a way that his whole body was involved, sitting higher 

above the piano than had been the custom. A great wave of pianistic virtuosity swept Europe and 

musical soirées became highly fashionable. Liszt was considered to be the greatest pianist of the age, 

and he revelled in the new instrument which could produce orchestral sounds and the possibilty for 

huge tonal range. Liszt’s career as both performer and teacher was much longer than that of Chopin, 

and many of his students became successful teachers, thus creating a pianistic lineage. 
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3.1.6 The Late Nineteenth Century 
Although the pianism of Liszt and Chopin showed the possibility of combining the use of fingers and 

arm, many teachers remained preoccupied only with the development of stronger fingers. Amy Fay 

wrote of her studies with Ehlert in Berlin: 
You have no idea how hard they make Cramer’s studies here. Ehlert makes me play them 
tremendously forte, and as fast as I can go. My hand gets so tired that it is ready to break and 
then I say I cannot go on. ‘But you must go on,’ he will say. It seems to me that I play them so 
loud that I make the welkin ring, and he will say, ‘But you play always piano.’ (Fay, A.,1873, 
cited in Gerig, 2007, pp. 235-236) 

This method, when combined with the added key weight of the new piano, often brought tension and 

strain and there were a number of reports of fatigue and pain. In 1885 two letters appeared in the 

European press; one by Bela Szentesy, a Hungarian music professor, and the other by German doctor J. 

Zabludowski expressing concern about pianistic injuries (Kochevitsky, 1967, p. 8). Following this, 

notable piano teacher and conductor Ludwig Deppe wrote his article “Arm Ailments of the Pianist”, 

referring to “frequently occurring arm strain in pianists” (Deppe, L., 1885, cited in Gerig, 2007, p. 

252). This article describes his understanding of the problems of using an isolated finger technique and 

his belief that tone should be produced by a “coordinated action of all parts of the arm” (Deppe, 1885, 

cited in Savage, 2002, p. 7), distributing the effort throughout the playing mechanism from the shoulder 

to the fingertip.  

Deppe’s search for tonal beauty was paramount. He was opposed to hammering the keys and taught 

tone production using the weight of the hand and arm and a relaxed finger action (Savage, 2002). He 

also believed in the weight should be controlled by the upper arm, back and shoulder and began to use 

exercises for strengthening the shoulder and arm muscles, Kochevitsky, 1967; (Deppe, L., 1885, cited 

in Gerig, 2007, p. 252). Rather than turning the thumb under early in scale playing, as had been the 

customary practice, Deppe’s principle was to turn a little on each finger, thus aligning the hand and arm 

through lateral turning of the wrist. At the moment of playing the thumb he suggested a turning-out of 

the wrist to bring the thumb and following finger into position, slanting the hand towards the ulnar side 

(Fay, A.,1874, cited in Gerig, 2007, pp. 261-262). He advocated a “controlled free fall” of the arm, at 

first misunderstood, but which paved the way for the concept of arm weight to be further developed 

(Kochevitsky, 1967, p. 8). 

3.1.7 Arm Weight 
The idea of arm weight was pushed to an extreme by the teaching of Rudolf Maria Breithaupt in the 

early part of the twentieth century. This mode of playing was centred around the transfer of weight to 

the piano by a totally relaxed and heavy arm with little or no emphasis on the fingers. Scale playing and 
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finger exercises were discouraged and the playing was executed with limp, loose joints with little 

support. Although the excessive relaxation did serve to create greater sonority with minimum effort, it 

was often cumbersome and restrictive for developing fluency and control. 

Another influential pedagogue in the early part of the twentieth century was the English pianist Tobias 

Matthay. He was opposed to excessive finger action and pressing into the keys. Like Breithaupt, 

Matthay was an advocate of weight and relaxation, although like Deppe, he believed the relaxation of 

the arm should be controlled. In his mind, the word “Fixatio should therefore be banished from the 

pianist’s vocabulary” (Matthay, 1947, p. 25). He was concerned with playing “only to the sound” and 

advocated the use of rotary freedom of the forearm on every note (Matthay, 1947, p. 64).  Although 

many of the hand problems caused by the excessive finger action of the finger school were relieved by 

the concept of arm weight, there were also reports of injury from this approach. 

One of Matthay’s pupils, James Ching, reported suffering from ‘pianist’s cramp’, which neither 

Matthay nor a number of European teachers were successful in remedying. He came to disagree with 

Matthay on technical priniciples and wrote his own method.  Through his own investigations into piano 

technique, he discovered that his cramp could be relieved by continuous finger pressure in order to 

stabilise the hand and prevent the tension associated with lifting the finger (Ching, J., cited in Gerig, 

2007, p. 402) .  

By this time, an awareness of the problems with both finger and arm weight schools was emerging. 

While the excessive lifting employed by the finger school tended to cause tension in the forearm, 

pianists found that excess of arm weight caused the overuse of some muscles in the shoulders. In 

addition, those who advocated relaxation and arm weight were finding that the lack of stabilisation 

caused by over relaxation restricted velocity and control.  

3.1.8 Ortmann 
The pedagogical debate was further challenged in 1929 by  Otto Ortmann’s ground-breaking book The 

Physiological Mechanics of Piano Technique, which set out to investigate the movements of skilled 

pianists through the application of  physics. Ortmann had trained as both a musician and scientist and 

was dedicated to “establishing a sound physiological basis for the mechanics of piano 

technique” (Ortmann, 1962, p. xxxii). 

Inspired by the wide differences of opinion about technical method and the lack of consistency between 

pedagogues and concert pianists, Ortmann wanted objectively to evaluate the physiological and 
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anatomical reasons for technical facility. He set up hundreds of experiments, which investigated the 

action of each part of the playing mechanism and evaluated the most efficient movements using 

scientific method. He considered the fingers, hands and arm as a series of Class Three levers working 

in concert, where the power is applied between the fulcrum and the resistance. Ortmann describes the 

forearm as a draw bridge type lever (Class Three) where the elbow is the fulcrum, power is provided by 

the elbow flexors, and the resistance is the key. The base needs to be stable for the lever action to be 

efficient. In this case the upper arm becomes the stable base for the movement. If we consider the 

whole arm, the shoulder becomes the fulcrum and the power is supplied by lifting the whole arm and 

the torso becomes the stable base. Similarly, if the metacarpophalengeal joint is the fulcrum, the power 

is supplied by the finger extensors, the resistance is the key and the hand and forearm become the 

stablizing base. However, Ortmann stressed the importance of realising that all muscular activity 

involves the spread of muscular participation in order to produce coordinated movement.  

Ortmann proved the fallacy of a number of widely held beliefs at that time. The finger school had 

derived countless exercises for developing independence of the fourth finger, without realising the 

futility of trying to equalise all five fingers because of the tendinous interconnections between D3, D4, 

and D5. Another factor was the lack of awareness of the pronation and supination that occurs at the 

radio-ulnar joint, and most pedagogues thought that rotation was generated from the shoulder. The 

inequality of pronation/supination of the forearm and its effect on forearm rotation was also discussed. 

Whereas the Breithaupt school had stressed total relaxation of the arm, Ortmann showed that too much 

relaxation was also detrimental, since it results in lack of control over movement. He concluded that 

healthy piano technique should involve a combination of relaxation and contraction, and that 

coordinated movement involves the fixation of one joint so that others can move freely.  The wrist 

flexors too were shown  briefly to contract just before key resistance and to relax immediately after key 

depression (Ortmann, 1962). In response to the debate between the finger and weight schools Ortmann 

states: 
coordination is opposed to isolation …In piano pedagogy, attention should be directed to both 
finger action and arm movement. Finger action with quiet hand is just as necessary for the 
perfect execution of certain passages, as the addition of hand- and arm-movement to this action 
is necessary for other passages. The older school of pedagogy did not countenance the latter at 
all; the modern relaxation and weight schools have failed to give the non-weighted finger- and 
hand- technique its proper important place. (Ortmann, 1962, p. p.296) 

Following Ortmann, and very much in agreement with his conclusions, was Arnold Schultz who 

published The Riddle of the Pianist’s Finger in 1936 (Schultz, 1936). Schultz investigated velocity and 

discussed the coordination between finger descent and release. His opinion was that in fast playing the 

descent and release could be considered as one coordinated movement, with the flexors working to 

overcome the contraction of the extensor muscles. Thus fast playing can be freed from tension, as the 
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movement is generated by the flexors while the extensors act like springs, lifting the finger when the 

flexors are released (Savage, 2002).  

This pioneering work of both Ortmann and Schultz set the stage for doors to be opened in twentieth-

century thinking about biomechanically natural  and well-coordinated piano technique.  

3.1.9 Twentieth Century Pianism 
In recent years, because of the availability of highly edited digital technology, audiences have become 

increasingly accustomed to hearing perfection, and demand greater feats of virtuosity combined with 

total accuracy in the live performance. This places even greater pressure on the pianist who needs to 

acquire a technique which can produce accurate results without placing unnecessary strain on the 

physique. 

One of the most influential figures to emerge in the mid-twentieth century was Dorothy Taubman 

(Taubman, 1984). She became intensely interested in the reasons why some pianists could play 

effortlessly while others struggle all their lives with little improvement.  Married to a doctor, she 

analysed the movements underlying virtuoso piano playing. After observing numerous pianists she 

decided that there were certain fundamentals which differed between those who could play and those 

who could not. Her insights into pianistic movements have helped many recover from injuries. She 

experimented with the idea that finger movement should be accompanied by forearm rotation and that 

the fingers, hand and arm should move as a unit. She also believed that too much wrist movement was 

responsible for some injuries. She referred to relaxation as “the comfort felt from coordinated 

movement” (Taubman, 1984, p. 150).  The idea of coordinated piano playing had been explored by 

many other twentieth century pedagogues such as Abby Whiteside, Barbara Lister Sink, Seymour Fink, 

Thomas Mark and Alan Fraser.  

Abby Whiteside  thought of the playing mechanism as a series of fulcrums which needed to work as a 

coordinated unit (Whiteside, 1961). She considered efforts to equalise or strengthen the fingers to be 

futile, and instead concentrated directing the playing from the upper arm in order to produce a good 

tone. She was adamant that D4 was not weak, but capable of any sound when its position was led by 

the arm. 

In recent years postural ideas of the Alexander Technique and the Feldenkrais Method have been 

increasingly recognised as important in assisting musicians towards stress-free performance 

(Dommerholt, 2000).  Thomas Mark’s book What Every Pianist Needs to Know about the Body 

describes the concept of Body Mapping which has been developed from the Alexander Technique by 
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Barbara and William Conable, now known as Andover Educators (Mark et al., 2003). Mark’s book 

describes the pianist’s anatomy in layman’s terms, and relates this to many of the pianistic ideas of 

Dorothy Taubman. 

Barbara Lister-Sink has developed a systematic training method based on the ‘basic stroke’ involved in 

piano playing (Lister-Sink, 1996). She sees this as the most fundamental coordination of piano playing 

and aims to obtain awareness and control of the body with simple exercises before beginning to play. 

The ‘basic stroke’ involves four distinct components: easy, efficient lift of the forearm, free fall of the 

forearm, optimal bone alignment and muscle contraction at the moment of impact, and instantaneous 

release at the moment of sound production.  

Alan Fraser in his books The Craft of Piano Playing  and Honing the Pianistic Self Image explores 

skeletal organisation at the piano from the point of view of the Feldenkrais Method (Fraser, 2003, 

2010). In a series of Awareness Through Movement exercises based on the Feldenkrais method he 

develops the idea that exploring extreme ranges of physical movement can assist the development of 

technique.  

Most pedagogues agree on the importance of avoiding jerky and sudden actions and striving towards 

movements that are curvilinear and continuous. In this way piano playing can be choreographed, 

moving to the next note in the most ergonomically efficient and natural way so that difficulties are 

minimised.  In the same way as one can observe the fluidity of movement in a dancer or elite athlete, a 

pianist who is well coordinated will move hands, arms and fingers in a way that  appears effortless. In 

order to achieve this streamlined effect, the pianist is acutally using more movement rather than less, 

but the myriad of small movements are so well coordinated that the body can appear to be scarcely 

moving. Ortmann proved this in his experiments (Ortmann, 1962), and his highly influential book gives 

scientific evidence for movements that are incorporated into a balanced and efficient technique. In the 

last fifty years many pedagogues have become much more aware of the biomechanical aspects of 

playing the piano, but there are still many differing thoughts on how to approach the fundamentals of 

technique and how to adapt these thoughts to each individual body.  

3.2 Pianism from a Personal Perspective 
My understanding of pianism comes from over 25 years of playing at concert level, more than 30 years 

of teaching, and studies with some of the world’s great pedagogues, Brigitte Wild (Claudio Arrau’s 

first student), Cyril Smith (student of Rachmaninoff) and Maria Curcio (pupil of Schnabel). The 

lineage of all these teachers can be traced back to such notable pedagogues as Liszt, Lechitevsky and 
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Czerny. My current position is Head of Piano and Senior Lecturer at the University of Auckland. 

During the research for this PhD, interviews have been conducted with influential pedagogues in many 

parts of the world to explore their thoughts on pianism. 

At the core of my belief is the balance between tension and release, allowing the freest transmission of 

energy. The playing mechanism works best in its mid-range of motion (Gerig, 2007, p. 526; Ortmann, 

1962, p. 236), and therefore after deviation from this ideal position it is vital that the arms, fingers or 

wrists release to allow the body to return to its most natural state. Beauty of tone can only be achieved 

when the hand is freed from unnecessary contraction and stiffness. However, total relaxation before 

playing the note will not produce a sound with any control. The moment of tone production involves an 

infintessimal fixation just before key descent, but this must be released immediately the sound is heard. 

Ortmann’s experiments showed this muscular contraction to occur a small fraction of a second before 

key depression (Ortmann, 1962, p. 237). By releasing immedately, the hand is then free actively to 

approach the following note. In this way it is possible to coordinate the technique so that one can 

“attain maximum achievement with minimum of effort” (Schnabel, 1933, p. 198) . 

3.2.1 Posture 
Awareness of the whole body from the heel upwards is of great importance, as how the body is 

balanced profoundly affects the sound and endurance of the pianist. The concept of a kinetic chain, a 

term used in sports medicine, is useful too for musicians, as any link that is weak will cause strain in 

another part of the body (Rice, 2003).  Likewise for pianists posture needs to be constantly monitored 

so that the whole body is integrated into coordinated movement. In order that the arms can move freely 

from the shoulders, the body must be balanced and centred when 

sitting. The height of the piano stool should be adjusted for each 

physical build, so that the forearms move in a way which is parallel 

to the floor with the elbows never below the base of the key. The 

distance of the stool from the piano can be determined by standing 

facing the keyboard with the body almost touching the instrument 

and then sitting without moving the feet. The position of the stool 

should then be moved so that the pianist sits on the front half of the 

stool with the weight forward, making a four-point balance between 

the ischial tuberosities (‘sitting bones’) and the feet. This enables 

free movement of the body from the hips while anchored on the seat, 

and creates the possibility of transference of body weight  to the 

keys. Figure 3.1 Posture 
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For a child it is important to create this balance by using an 

adjustable footstool so that the feet are supported at the optimum 

height as the child grows. 

 Figure 3.2 Child’s Posture        

Core stability is extremely important, as without this the arms and shoulder have to work harder to 

compensate. The abdominal muscles should be active but never rigid, supporting the body and enabling 

the spine to maintain its natural curves. Care should be taken that the back does not remain in a 

position of an exaggerated lumbar lordosis (Figure 3.3). This position is usually caused by a tendency 

to rock forward, anterior to the ischial tuberosities and this lack of support from the back prevents 

transfer of weight from the body, so that the playing apparatus is restricted to the forearm, making for a 

faster than  necessary key descent, and the resulting sound is often harsh. There is the tendency to hold 

the elbows away from the body and this often indicates that the pianist is sitting too high.  

Likewise a kyphotic posture of the lumbar spine 

(a slumped posture) also prevents free movement 

of the arm. Lack of balance can also occur if the 

centre of gravity of the pianist moves posterior 

to the ischial tuberosities. Holding this position, 

as is seen in Figure 3.4 can lead to back pain and 

can affect the quality of the sound, which can 

only be generated from the forearm.  

Figure 3.4 Incorrect balance behind the the sit bones 

Figure 3.3 Incorrect balance in front of the sit bones



The neck should be free to soften and lengthen with the 

head balanced, and the neck, facial and jaw muscles 

relaxed. The shoulders should be dropped and as widely 

apart as possible. The habit of raising the shoulders is 

particularly common in girls when feeling expressive or 

when crossing hands (Figure 3.5) and can cause 

cramping of the upper trapezius muscle, resulting in pain 

in the neck and shoulders. 

Figure 3.5 Unnecessary raising of the shoulders 

Because pianists spend so much time with 

arms stretched out in front of the body, there 

is a tendency for the pectoral muscles to 

contract, often causing scapular protraction 

and subtle winging which can lead to 

shoulder pain (Figure 3.6) . 

Figure 3.6 Cramping of the pectoral muscles 

An ideal posture of the thoracolumbar spine, together with good scapular stability and abdominal 

support, will give the pianist openness across the chest which also assists the development of self 

confidence and the ability to project to an audience.  

3.2.2 Fixation versus Relaxation  
The work of Ortmann undoubtedly proved that that some degree of fixation is required in both elbows 

and wrists in order to support the weight of the arm, and that too much relaxation is potentially 

injurious (Ortmann, 1962, p. 101). However, this fixation is perhaps better defined as stability, which 

needs to be selective depending on the desired sound and demands of the music. When playing 
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sonorous chords the stability should be at the shoulder: the upper arms direct the movements and the 

forearms become a channel for transmission of energy, transferring weight from the whole body to the 

fingertips without pressure. Because the muscles of the upper arm move more slowly than those in the 

forearm, it is essential to involve the upper arm in loud passages when aiming for a round sonorous 

tone that demands a slower key descent. Muscles that can move more quickly are required for fast 

bravura octaves.  Therefore the forearm becomes the principle activator because of its capability of 

quick movement from the elbow, using the elbow as a fulcrum and stabilising the wrist. However, the 

coordination of the whole arm is still essential: when there is too much fixation at the elbow and too 

little involvement of the slower muscles of the upper arm, the key descent can be too fast, and the 

resulting sound harsh.  

For most fast semiquaver passages, MCP stability is all-important, as it is from this joint that the 

fingers can move at their fastest. The upper arm should open freely with the elbows following the 

direction of playing, without excessive ulnar or radial deviation of the wrist. When playing towards 

either end of the keyboard it is necessary to lean forward and to lead the movement with the forearm, 

keeping the arm straight with itself as it travels to the end of the keyboard (T. Mark, personal 

communication, April, 2008).    

Transferring weight from the arm to the keys is fundamental to the development of a beautiful tone. In 

cantabile passages key descent must be at its slowest, and weight from the arm controlled with 

imperceptible fixation from the fingers and hand. The cushions of the fingertips engage with the key 

bed but the pressure releases immediately, enabling freedom for the execution of the following note. 

The wrist needs to remain fluid, with constant minute adjustments both vertically and laterally. 

Although some fixation is necessary in order to control the dynamic, it is necessary to aim for fluidity 

in the elbows and for the wrists to be free of tension both on the palmar and dorsal sides. In my 

experience, most pianists achieve a better result by striving to keep shoulders, elbows and wrists 

relaxed as long as the hand is well supported. 

3.2.3 Joint Support 
The most natural position of the hand can be seen 

by allowing the hand to hang beside the body. By 

lifting this relaxed hand to the playing position on 

the keyboard, and then pronating the forearm 

without altering the wrist, the natural position of the 

balanced hand becomes apparent.   

Video 3.1 Finding a natural hand position 
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The metacarpophalengeal (MCP) joints and the interphalangeal (IP)  joints should be softly flexed, 

avoiding excessively ‘curled’ fingers. The heads of the metacarpals form an arch, which is essential for 

maintaining the support of the hand and enabling the free movement of the fingers.  

Figure 3.7 Hand showing support of the metacarpal arch 

From my teaching experience and observation of pianists, a lack of stability in any of the joints of the 

hand is one of the most common causes of injury. Even when excess tension is removed in the 

shoulders, wrist and elbow, it is not possible to maintain freedom unless the joints of the hand are 

stabilised so that the workload is shared and there is a firm base for the controlled transfer of weight 

from the arm.   

Lack of stability in the MCP joints can lead to excess of tension in the wrist, due to the need for greater 

lifting of the fingers. The awareness of MCP joint support can be begun by placing an open hand on a 

soft surface and gently drawing the extended fingers two centimetres towards the palm of the hand. 

Figure 3.8 Natural hand posture 
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Finger lifting then becomes an opening and flexing at the MCP joint with a movement similar to that 

used by an infant learning to pick something up: the so-called ‘immature pincer grasp’ (Dr. Katie Tuck, 

paediatrician, personal communication, October, 2007).  

The support of the MCP joints on the ulnar side of the hand is of particular importance: much strength 

is required on the ulnar border of the hand, resulting 

in the hypertrophy of the muscles of the hypothenar 

eminence so often seen in pianists. Without this 

support, the lifting of the fingers can become 

cramped (hyperextension of the MCP joints and 

excessive flexion of the IP joints). An unsupported 

ulnar border also causes excessive curling of the 

fingers and results in weakness in articulation in the 

upper part of the hand. 

Figure 3.9 Unsupported ulnar border 

A number of exercises are useful in developing 

MCP awareness, particularly when there is a lack of 

support in D5. Often there is insufficient 

proprioceptive awareness of the MCP joints as can 

be seen in the first part of Video 3.2, and it is useful 

initially to support the joint with the other hand, 

while pivoting on D2. 

Video 3.2 Establishing awareness of the MCP 
in D5 

Another exercise to develop joint support involves 

hooking the DIP joint over the fall of the piano and 

using this joint to pull the hand upwards.  

Video 3.3 Developing finger joint stability 
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An isometric resistance exercise away from the 

piano can also assist: the left and right distal 

phalanges of the same finger (e.g. the left and right 

index fingers) are hooked together and pulled in 

opposite directions, with slight flexion of the DIP 

joints. 

Video 3.4 Opposing finger exercise 

Once a certain amount of stability is achieved, it is 

possible to encourage the development of this MCP 

joint awareness by playing from the key and 

moving forward without lifting the wrist.  

Video 3.5 Riding forward 

Further stability can be gained by dropping on 

single notes with D5 as well as alternating D2-D5 

and then D4-D5. At this stage the isolated 

movement of Video 3.2 is no longer necessary and a 

more coordinated hand movement is encouraged. 

Video 3.6 Exercises to increase MCP stability 
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The collapse of the thumb at the MCP joint is a 

problem often seen in developing pianists.   

Figure 3.10 Unsupported thumb joint 

The most natural way for the thumb to move is that which is involved in grasping, where the thumb 

moves across the palm. However, in order to play the piano, one also needs to move the thumb 

efficiently on a vertical plane (palmar adduction and 

abduction). Often there is a lack of awareness that 

essentially the thumb has three joints, the forgotten 

joint being the carpometacarpal (CMC) joint.  The 

thumb can be trained by moving it under the hand, 

up and down in to the palm, so establishing the 

awareness of the joint. 

Video 3.7 Thumb exercise 

When playing in its normal position, the other hand 

can assist by holding the joint out to give the thumb 

the feeling of being stable, in a similar way as was 

described above with D5 (Video 3.2).  

Video 3.8 Supporting the thumb 
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When any of the finger joints are not stable, this 

will tend to make the remaining joints work harder. 

The problems inherent in hypermobility can be seen 

in Video 3.9, where this exercise exposes extreme 

instability in the joints.   

Video 3.9 Joint stability 

Furthermore, any unsupported joint can contribute 

to cramping in another joint. Video 3.10 shows in 

slow motion cramping of the PIP joint due to lack 

of MCP support. 

Video 3.10 Cramping of the PIP joint 

An unsupported DIP joint may in time lead to 

severe and uncontrolled dystonic cramping such as 

can be seen in Video 3.11, where the pianist found 

it impossible to touch any hard surface without 

cramping. 

Video 3.11 Dystonic cramping of D3 

When each of the joints is supported it is possible to “stand on the fingers” (Natasha Vlassenko, 

personal communication, 4 October, 2010), while maintaining freedom in the wrist and arm.  
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3.2.4 Finger Independence 
Many pianists become obsessed with the problem of finding complete independence of the fingers and 

so practise exercises which involve holding some fingers down while playing others. The purpose is 

usually to try and create equal facility in all fingers, particularly D4, which is considered the weakest 

finger. However, it is impossible to lift D4 independently because of crossing tendons and ligaments on 

the dorsum of the hand (Taubman, 1984). There are no restricting factors when D4 moves into flexion 

and therefore it is able to drop with as much freedom and momentum as any of the other fingers. Rather 

than striving for finger independence, it is better to allow all fingers to move together in coordination 

with the playing finger. Independence exercises use opposing muscle groups, with flexors working 

unnecessarily against extensors, and cannot be done without tension in the forearm. The fingers work 

best when they are free, and in most piano repertoire it is only rarely that one is required to perform this 

kind of action.  

3.2.5 Alignment 
In order to have control when playing the piano it is necessary to be able to produce an even tone from 

fingers which are naturally of different lengths. Because of this, the wrists and arms must assist in 

bringing the hand to a place where equal weight and velocity is possible for each finger at any speed. 

Often the span of notes required is far wider than is natural for some hands, and therefore it is 

important to release from the stretched position, avoiding static hand positions wherever possible, so 

that muscles do not become stressed and endurance is possible. Before a note is played each finger 

should be as closely aligned to the axis of the key as possible, by using lateral movement of the wrist. 

This means that each note has its own position, and implies a departure from the development of a 

fixed hand position so often taught in the early stages of training.  This problem is further compounded 

by the fact that so many tutor books begin with the thumbs starting on middle C, which leads to 

habitual ulnar deviation.   

Figure 3.11 Ulnar deviation Figure 3.12 Correcting ulnar deviation 
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Although lateral movement of the wrist is essential for piano playing, a static position of ulnar 

deviation should be avoided wherever possible, the corollary of which is that when playing on white 

notes the thumb will not always stay over the keyboard. Thomas Mark (2003) finds that this position 

often indicates that the player is moving in a way which is thumb-orientated and can be corrected by 

organising the movement around the little finger (D5). 

The hand should move towards the fall of the piano 

when black notes are played, and towards the edge 

of the keys when playing white notes, using the 

length of the keys and constantly adjusting so that 

unnecessary stretching and reaching is avoided. 

Video 3.12 Using the length of the keys 

3.2.6 Avoiding Unnecessary Pressure 
A further common habit occurs when a pianist continues to apply pressure to the key after the sound 

has been heard.  Parlitz (1998) has measured the release of muscular effort in amateur and professional 

pianists using Dohnanyi exercises (Dohnanyi, 1929), and finds that amateur pianists release the notes 

more slowly than professionals, and exhibit more tension caused by unnecessary pressure on each note. 

Ortmann had previously shown differences in muscular contraction between a coordinated movement 

of a skilled pianist, and that used by two untalented pupils where the release from fixation after key 

depression was much greater (Ortmann, 1962, p. 121). The tendency of excess pressure suggests a 

confusion over the principle of weight transfer when passing from one note to the next. Once the sound 

is made, only minimal effort is required to keep the key depressed. Continuing to press into the key 

does not alter the sound of the note, and this habit will tend to accumulate unnecessary tension by 

causing lack of freedom in the movement of the finger which is  about to play. True legato depends on 

releasing one note only after the following note is heard, but this can be achieved by a stable balance on 

the playing finger without extra pressure.    

3.2.7 Release 
The secret of effortless pianism lies in the release of every movement after playing, the constant 

adjusting of fingers, hands and arms to enable the body to return to a position as near to the natural 

66 






position as possible. This release applies to every note or chord, since as any tension which is permitted 

to remain will affect the remaining notes in a passage. Held hand positions should be avoided, and it is 

important to release after stretches since excessive finger abduction makes it impossible to flex the 

fingers freely (Green et al., 2000). Often a pianist will be able to play a difficult étude for one page but 

not for two, and will misinterpret the problem as a lack of physical endurance, needing more intense 

practice to build up the muscles. A better diagnosis is to find the moment of tension within the passage 

and consciously release from there, so that the remaining pages are not affected by residual tension.  

The ability to understand release is the golden tool in the development of pianism, so necessary in 

enabling the voice of each pianist freely to emerge. It is also most important in the avoidance and early 

intervention of injury. Each movement at the instrument must be executed with minimum effort, 

allowing the physical movement to take place rather than straining to achieve the result.  The hand 

should be constantly fluid regardless of whether one is playing five consecutive notes or the most 

difficult étude. The great pianist Artur Schnabel said:  
The body has to be as articulate as the music. Music is modulation, so if our bodies are not 
modulating, and our hands are standardised, playing is much more difficult. (Schnabel, 1933, p. 
138). 

In order to attain this freedom of movement, the mind needs awareness of the role of each part of the 

body in the developing technique. Each skill involved in the playing of the instrument can be broken 

down to its most simple movements. 

3.3 The Building Blocks 
Some pianists maintain that it is not possible to alter the basic sound of the piano using single notes, 

and that tonal beauty only emerges as the result of the relationships between a series of notes. My 

belief is that the understanding of how to play a single note is paramount in the development of the 

individual tone which can result from different pianists on the same piano. The crucial factor is a 

combination of the speed of descent, the release of the sound at the keybed and the state of physical 

balance in the body. Unless a single note can be played with beauty, any passage in the repertoire will 

have tonal limitations. Therefore the methodology described in Chapter 4 begins with listening to 

single piano tones and concentrating on the balance between support and relaxation so as to produce 

the optimum sound. 

3.3.1 Scales and Arpeggios 
An even scale is a fundamental skill for any pianist. The hand should travel along the keyboard without 

excessive movement, keeping the metacarpal arch at a relatively constant height above the key and the 

ulnar side of the hand supported.  
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The thumb should release after playing and then cross under without early preparation, moving under 

the turning finger without altering the height of the wrist.   Each finger is aligned with the key before 

playing, meaning that the hand and arm glide along 

the keyboard without any sudden change of 

movement. When returning towards the thumb, the 

thumb relaxes completely after playing, enabling the 

third or fourth finger to cross over without lifting the 

wrist and to play with a supported MCP joint. The 

descending scale should move as a mirror image of 

the ascending scale, with the thumb releasing away 

from the hand.  

Video 3.13 Scale ascending and descending 

Chromatic scales should also be played with a 

constant hand height, maintaining a supported ulnar 

border regardless of the direction of the scale. Here 

the thumb should play near the tip so that a ring is 

formed between the thumb and third finger, 

reinforcing the support of the MCP joint.  

Video 3.14 Chromatic scale 

Arpeggios also follow the same basic principles of adjustment as is seen in scale playing, but with 

increased lateral closing prior to playing, due to the wider intervals required. By aligning the finger 

with the note prior to playing, the hand travels 

smoothly along the keyboard without any sudden 

movement. When crossing over with D3 or D4 the 

thumb releases immediately after playing, enabling 

the hand to glide along the keyboard without 

altering the height of the wrist or ‘kicking out’ the 

elbow. This balance and economy of movement 

enables an effortless scale or arpeggio at any speed. 

Video 3.15 Diminished-sevenths 
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3.3.2 The Wrist 
The wrist should be free to move without restriction both laterally and vertically. In melodic playing it 

can aid the shape of the melody by following the direction of playing, often moving with a circular or 

elliptical movement.  This allows changes of direction without sudden movement. The vertical use of 

the wrist comes into play in the execution of slurs and chords. In the slur the wrist should fall to the 

level of the key bed and then float upwards with the playing of the next note, allowing the finger to 

follow. The second finger can articulate the note by beginning its playing movement from just above 

the level of the key. 

Video 3.16 Slurs 

The wrist is important for the execution of slow cantabile melodies where finger lifting is minimised 

and support of the MCP joints is lessened. Whereas the tip of the finger is important for fast articulate 

playing, in cantabile passages the pad of the finger is used and the muscles and joints of the hand and 

arm move with a softness; playing with a slower descent and controlled weight of the arm produces a 

rounder, less articulate sound which carries. The most important element is the transference of weight 

from one finger to the next, allowing the fingers to support the arm and only releasing one key when 

the next sound is heard. 

3.3.3 Chords and Octaves 
Chords can be approached from above or from the surface of the keys. When a large full tone is 

required, as in Brahms or Rachmaninoff, the sound can be produced by a controlled dropping of the 

arm from the shoulder in a manner similar to that used when dropping the arm on the lap. At the 

highest part of the movement, when the arm is in the air just above the keys, the wrist will be above the 

level of the hand.  The hand and fingers remain relaxed until the instant before contact with the keys 

when a a small amount of fixation occurs so that the fingers are supported on playing. The wrist and 

arm relax immediately after impact so that the resulting tone is never harsh. For loud chords with more 

tonal definition and brilliance, a movement which begins nearer the keys is appropriate, using the 

weight from the whole body onto a well supported hand with stable joints. The arm follows through 
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with a forward upward movement as if to push the piano away from the body. This is most clearly 

understood at first by standing up at the same time as playing. One can then be aware of the abdominal 

support and the power from the muscles in the back.  

As the hand is rarely comfortable in an extended position, release of each chord is essential to maintain 

the state of physical balance. Any remaining tension will affect the quality of the following sound. 

Anticipating stretched hand positions should be 

avoided by allowing the hand to open just before 

playing. This can be seen in Video 3.17; in the first 

example the pianist anticipates the stretch, and in 

the second part of the video she remains in a more 

neutral position until just before the sound is 

required. 

Video 3.17 Avoiding holding stretched chords 

The same principle can be applied to the playing of displaced chords, where the hand should maintain 

its neutral position for as long as possible, preparing the hand position just before the moment of 

playing so that stretch is minimised. The impression 

for the pianist is that the notes open the hand, rather 

than an active stretching before playing. The 

contrast in stretch can be seen in the following 

video where the second attempt shows greater ease 

of the hand with later preparation. 

Video 3.18 Avoiding stretches in displaced 
chord playing  

This also applies to octave playing especially for a small hand, where it is advantageous to release the 

hand after each octave before playing the next. The palm rebounds slightly between each keystroke 

(Wristen, 2000); possible even at speed although the movement is barely visible. For small hands it is 

easier to stabilise a raised wrist when playing the octave, using the elbow as a fulcrum with an action 

that is similar to knocking on a hard surface with the knuckles. The following videos contrast the 

playing of octaves with the wrist moving into hyperextension (Video 13.19)  and with a more stable 

wrist (Video 3.20). The latter proved considerably easier for this pianist. 

70 









Video 3.19 Octaves with hyperextension Video 3.20 Octaves with wrist stability 

Most staccato playing involves a loose wrist, 

whether aiming for short resonant chords or a 

leggiero finger action.  When playing staccato 

chords the release at the bottom of the key is fast, 

rebounding in a way similar to bouncing on 

trampoline. The wrist leads the movement both in 

the descent and in the rebound, allowing the hand to 

follow. The finger engages the instant before the 

sound and then releases immediately aftewards. 

Video 3.21 Staccato chords 

For more articulated staccato chords, the fingers can grip the bottom of the key on impact with a 

grasping motion working from the MCP joints.  A 

similar method can be used for fast single note 

staccato passages when the fingers can ‘wipe’ the 

keys with a quick movement from the MCP joint, 

while still maintaing a flexible wrist. For this type 

of playing the elbow becomes the fulcrum, enabling 

the wrist, hand and fingers to have maximum 

lightness and control. Video 3.22 shows the action 

in slow motion.  

Video 3.22 Finger staccato 
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3.3.4 Rotation 
A well-coordinated arm technique is essential for all passages of broken octaves and tremolos. 

Although it is possible to achieve this movement entirely from pronation and supination of the forearm, 

I believe that it is often desirable to include some shoulder internal and external rotation and so to 

encourage freedom of the upper arm. The movement is easily understood in a standing position by 

rotating a straight arm when hanging beside the body, in a manner not unlike that of an agitator 

washing machine. After practising this movement until some speed is achieved, the arm can be trained 

to move into a horizontal position, shaking while extended from the body.  Gradually, while still 

rotating, the arm can move with a closed fist shaking over the surface of the keyboard, before allowing 

the elbow to bend into the playing position. The hand can then be allowed to follow the arm rotation 

over the interval of a sixth or octave. The watchpoint for all passages involving this technique is that 

movement from the wrist should be avoided. It is often easier to obtain the required arm freedom for 

this technique by using D2 and D5 over an interval of a fourth or fifth, before combining with the use 

of the thumb.  

Figure 3.13 Rotation 

When moving to D1 and D5, it is easier for a small 

hand to use a sixth rather than beginning with an 

octave. In the first part of Video 3.23 the angle of 

the wrist is preventing a free rotation, but when 

ulnar deviation is avoided as seen in the second 

part there is increased ease of movement. 

Video 3.23 Rotation 
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3.3.5 Increasing Tempo 
As tempi change, so do the demands on the pianist. Playing at speed requires processing of a number of 

notes at a time or ‘chunking’. Therefore it is vital that the movement of each finger is trained to release 

after playing so that the movement becomes entirely automatic. By beginning with extremely slow 

large muscle movements, the quality of the movement is ensured. However, sometimes the movements 

practised at a slow tempo differ markedly from those used in speed.  In fast playing the fingers need to 

be nearer the keys, and excessive lifting should be avoided. It is also important to avoid unnecessary 

fixation at the wrist but to follow the direction of movement with the arm, using a coordinated 

movement involving controlled transfer of arm weight. The fingertips engage with the keys with 

lightning speed and release immediately, so that speed is not hindered by unnecessary accumulation of 

tension. The gradual acceleration to tempo by using a metronome often recommended by teachers is 

not always efficient because of the different neurological processing required at the faster tempo. There 

often comes a point where the student can simply not cross the barrier from slow practice to full tempo. 

Therefore, once the relaxation is programmed into each finger, it is often more productive to practise 

the release over a small group of notes played at a tempo approaching the ideal. By stopping on 

different notes in turn during a passage of semiquavers, the groups of fast notes can then be extended 

until four, eight or twelve notes are programmed as a single thought. 

3.4 Effortless Pianism 
By analysing the technique in the finest detail and by removing the difficulties which result in tension, 

true pianism can emerge, giving birth to the flow of performance. Musical freedom is only possible 

when playing becomes a physical pleasure. As the renowned pedagogue Nadia Boulanger said: 

One can only be free if the essential technique of one’s art has been completely 
mastered.  (Boulanger, 1958, p. 26) 

The ideal is that the pianist begins with the musical intention and the technique is free and able to obey 

the command of the mind. With unnecessary effort and tension removed, the mind and emotion are 

released to use the rich palette of sound of the instrument and so to create the musical interpretation. 

The true potential of each pianist is only possible when technical limitations are minimised. This is the 

pianism that distinguishes great pianists; the barriers of technique are removed, the playing becomes 

effortless, and music can speak. It is also the pianism which is injury preventative: the body moves in 

balance, the load is shared, and the possibilities of misuse and overuse are minimised. 
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CHAPTER FOUR 
METHODOLOGY 

The following methodology was developed for the first phase of the research, which involved three 

pianists who had been diagnosed with focal dystonia. Focal dystonia in musicians only affects the 

skilful execution of highly trained movements, and therefore the way of playing must have relevance in 

the development of the condition. My hypothesis was that if balance in the technique was restored by 

removing all unnecessary tension from each movement, then it might be possible to improve the 

condition of focal dystonia by retraining. Using the principles of pianism outlined in Chapter Three, the 

focus was to break down the technique into its simplest components, ‘perfecting’ every movement very 

slowly and avoiding dystonic cramping as much as possible. Each element of technique was 

approached as at the initial stages of learning, often beginning with the nondystonic hand in order to 

prevent interference from past learning. The results and specific observations for each of these initial 

three case studies are included in Chapters 5-8. Following this phase of the research, the methodology 

was adapted for three further case studies, two pianists and a cellist, whose playing had been affected 

by focal dystonia.  Results and specific methodologies used for these studies are individually described 

in Chapters 10-12. Evidence of the procedure was captured on video, and clips from these recordings 

are included in each case study. 

With all subjects the initial protocol of ten sessions within two to three weeks was used, although with 

Case Study Four the retraining was intensive and sessions were five hours per day. Examples of scale 

playing, repertoire and vibrato were recorded pre- and post-retraining. Test examples pre and post for 

each of the five pianists were assessed by a Blinded Listener (BL) as described below, who was asked 

to evaluate scale-quality on a five-point scale and to indicate whether they thought they were listening 

to a dystonic or nondystonic hand. The vibrato of the cellist was graded on a four-point scale by the 

members of a professional string quartet and these results were pooled. Although the sample is small, 

each study provides an insight into the essential elements for successful retraining. 

PHASE ONE 

4.1 Subjects 
Subjects selected for the initial study included two graduate university performance students and a 

professional concert pianist. Ethical approval was obtained from the Human Ethics Committee of 

Massey University and the Human Ethics Committee of the University of Auckland, and participants 

were given an information sheet and questionnaire and asked to sign a consent form (See Appendix 2). 

The main ethical issues were informed consent and anonymity. Although sessions were videoed, 
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subjects were assured of their anonymity because of avoidance of shots involving the face. It was 

expected that the retraining would be of benefit to the subject. Because the exercises were very slow 

and gradual, no adverse effects or discomfort were anticipated as a result of any of the exercises used. 

Subjects were given the option of withdrawal at any stage during the retraining period.  

4.2 History 
A detailed history was taken using the subject questionnaire shown in Table 4.1. 

Table 4.1 Subject Questionnaire 

Age 

Gender 

Hand dominance 

Years of playing 

Hours per day of practice prior to the injury 

Amateur or professional 

Duration of focal dystonia 

Hand affected 

Digits affected 

Nature of dystonic movement 

Treatments 

Was the onset of the lack of control sudden or gradual Sudden/gradual 

Over what period did it take to become a problem? Months/weeks 

Was there an increased workload prior to this? Yes/No 

If yes 
a) For how long? Months/weeks 
b) How many extra hours worked?

c) Any changes in difficulty of repertoire? Yes/No 

Was there any specific piece of music or movement that you think 
may have contributed to the onset? 

Yes/No 

If yes please indicate 

Were you under personal stress before the time of the onset? Yes/No 

Break-up of a relationship Yes/No 

Death of friend or relative Yes/No 
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Separating or divorcing Yes/No 

Pressure from family to succeed Yes/No 

Own internal drive to succeed Yes/No 

Other difficult situations Yes/No 

Was there any previous history of injury or physical problems? Yes/No 

Road, traffic accident or whiplash Yes/No 

Broken bones Yes/No 

Falls Yes/No 

Low back pain Yes/No 

Recent operations Yes/No 

Heavy physical work Yes/No 

The subjects were also asked to verbalise the difficulties experienced, which were documented.  

Medical diagnosis was made by either a specialist neurologist, or a sports physician with expertise in 

this condition. This included a medical history, a relevant neurological and musculoskeletal examination, 

any relevant investigations such as imaging or neurological investigations, and an assessment at the 

piano. 

Subjects were assessed prior to the treatment protocol by several different methods. 

4.3 Initial Subjective Assessment 
Three separate rating evaluations outlined below were administered to each subject: a previous level of 

performance evaluation (PPE), a dystonia evaluation (DER) and a pianistic evaluation (PER). 

The subjects were asked to assess their previous level of performance by the following Previous Level 

of Performance Evaluation (PPE) (Table 4.2). 

Table 4.2 Previous Level of Performance Evaluation (PPE) 
Please circle the appropriate number 

Can play at the level required to pass Grade VIII ABRSM examination 1 

Can play at the level of a first-year university performance student 2 

Can play at a level of a third-year university performance student 3 

Can play at the level of a postgraduate performance university student 4 

Can play at professional concert level 5 

Can play as an international soloist 6 
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Two subjective grading systems were used to evaluate the severity of their present symptoms from 

focal dystonia both before and after retraining. 

First, the ‘Dystonia Evaluation Scale’ (as described by Candia et al. (Candia et al., 2002) was used and 

in this study is referred to as the ‘Dystonic Evaluation Rating’ (DER) (Table 4.3) to avoid confusion 

with the musical usage of the word ‘scale’. The DER was used to provide information about the 

smoothness of the movement and the evenness of the transfer from one finger to the other. 

Table 4.3 The Dystonic Evaluation Rating (DER) 
Please circle appropriate number 

Dystonia was at its worst 1 

Slightly improved 2 

Moderately improved 3 

Almost normal 4 

Normal 5 

Second, an evaluation rating, the ‘Pianistic Evaluation Rating’ (PER) (Table 4.4), was designed to 

assess rhythm, tone and freedom of expression. 

Table 4.4 The Pianistic Evaluation Rating (PER) 

Please circle appropriate number 

Unable to play with any fluency or rhythmic control 1 

Can play with some fluency but without satisfactory rhythmic control 2 

Can play with rhythmic and tonal accuracy but at a slow tempo. 3 

Can play with fluency and rhythmic accuracy at a moderate tempo 4 

Can play at the desired tempo with tonal and rhythmic control 5 

Can play with freedom of expression 6 

4.4 Initial Objective Assessment 
Subjects were initially asked to play repertoire that demonstrated their dystonia. 

I evaluated the subject at the piano for pianism, and any involuntary movements or blockages were 

noted. 
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Specific areas of pianism that were assessed on the basis of my opinion of an ideal balanced technique 

(See Chapter Three) included: 

• Posture

• Alignment of fingers with the key

• Tension evident in the hand and wrist

• Position of the wrist and elbow

• Freedom and ease of movement while playing

• How the dystonia affected the realisation of musical intention.

The subjects were asked to play the following: 

• Three scales (B Major, C Major and a third scale that they identified as difficult because of the

dystonia) for at least two octaves, with each hand separately in the same location on the

keyboard

• A diminished-seventh arpeggio with each hand separately in the same position on the keyboard

• Passages of repertoire that had become difficult as a result of the dystonia (Test-Repertoire

(TR)).

The above were recorded at the start of the pianism protocol. These were recorded on Panasonic video 

cameras EZ1 and DX100 (Osaka, Japan). 

The three separate scales and diminished–sevenths were recorded first with the dystonic hand and then 

with the nondystonic hand at the same location on the piano. These were recorded at various speeds 

(typically ♩=60, 88, 120, 132, 144 and further increments when appropriate). 

Subjects also recorded several repertoire segments that demonstrated their dystonia, referred to below 

as Test-Repertoire (TR).  

After this initial assessment, the subject was invited to attend a minimum of ten sessions of one hour in 

duration over two weeks, when their technique would be analysed in detail and they would receive 

formal pianism retraining as per the protocol below. Following this the same scales and TR were re-

recorded. 

The primary goal of retraining was to eliminate unnecessary tension and to optimise biomechanics. 

Subjects were encouraged to become aware of their posture and to understand how to release each 
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finger immediately after playing. It was important to free the finger and to disassociate it with previous 

habitual movement.    

Posture and unnecessary tension in arms and wrists were corrected at the beginning of retraining and 

frequently during the sessions.  The steps described below were  designed to build from the most basic 

elements of technique, starting with the playing of a single note and ensuring that each movement was 

understood before progressing further. 

4.5 Pianism Training Protocol 
4.5.1 Step One 
The session began with awareness of how to play a single note with a good mezzo-forte tone using the 

weight from the arm. The notes of the whole tone scale, e", f#", g#" a#", and b#" were taken with the 

right hand, and the same notes three octaves lower (E, F#, G#, A# and B#) with the left hand.  These 

notes were chosen because they follow the most natural shape of the hand, with the longer fingers on 

the black notes and the thumb and fifth fingers on the white notes. The register for each hand was 

chosen because it enables the arm and hand to be in a neutral position. 

Figure 4.1 Five-finger hand position 

Chopin used to place the hands of his students over these notes in the first lesson as a way of becoming 

acquainted with the instrument, and he used these notes in his initial keyboard exercises (Neuhaus, 

1973, p. 84).  
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Each finger was aligned with the key, lifted from the MCP joint and allowed to fall to the key. This was 

not an independence exercise, and non-playing fingers were encouraged to lift with the playing finger. 

The thumb was softly flexed without undue bending or curling at the tip. 

Each note was repeated three times in an attempt to 

improve the resulting sound. The subject was 

invited to become aware of the movement required, 

to listen and to release the pressure as soon as the 

note had sounded while still maintaining contact 

with the key. 

Video 4.1 Single Notes 

4.5.2 Step Two 
Once the playing of single notes was established,  the same five notes of the whole-tone scale 

beginning on e" were played legato consecutively at a very slow tempo with the right hand. The left 

hand whole-tone scale began with the thumb on B# an octave below middle c and descended to E and 

back to B#. Each finger was aligned with the axis of the key prior to playing. The procedure was to turn 

the wrist laterally to align the finger, to lift, drop and release the finger, listen to evaluate the tone, and 

then turn the hand for the next note. While holding that key without pressure, the hand was aligned 

with the next note by pivoting on the fingertip before lifting and dropping. The lifting was done without 

tension by a relaxed opening of the hand at the 

MCP joint. No finger independence was required 

and non-playing fingers were encouraged to lift 

together with the playing finger. The desired tone 

was resonant and full at a dynamic of mezzo forte. 

The palmar and dorsal sides of the wrist were 

monitored to ensure both areas felt soft and free of 

tension when playing. 

Video 4.2 Whole-tone scale 
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When retraining was too difficult with the dystonic 

hand, the technique was first mastered by the 

nondystonic hand to allow the subject full 

awareness of the movement. When beginning to 

work with the dystonic hand, the nondystonic 

fingers were attempted first, taking two fingers at a 

time and practising transferring the weight from one 

to the other on the keyboard. 

Video 4.3 Two-finger legato 

When difficulty arose passing from the dystonic finger to the compensating finger, (Candia et al., 

2002), an unrelated thought (such as their mother’s maiden name) was offered as a mental distraction, 

which removed the blockage and allowed transfer 

between these fingers. Then the procedure continued 

with the dystonic hand until the distraction could to 

be removed and legato between two notes was 

achieved. An alternative technique to overcome a 

blockage was a rotary convex downwards swing of 

the wrist to assist the transfer from the dystonic 

finger to the nondystonic finger. 

Video 4.4 Rotary convex swing 

Movement retraining was continued with the 

dystonic hand until mastered with ease. Every finger 

was actively released after playing, returning to its 

natural position rather than maintaining a stretched 

hand position over the notes. The tempo used for 

this was around ♪=40.  This was repeated until 

comfortable and effortless with the dystonic hand. 

The exaggerated lifting was used initially in order to 

free the hand at the MCP joint. 

Video 4.5 Active releasing 
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4.6.3 Step Three  
When the above procedure with consecutive notes reached the required level of ease, non-adjoining 

notes were attempted. The subject was invited to alternate the notes of the whole-tone five-finger 

pattern, moving from D1-D3, D2-D4, D3-D5, D2-D5, D1-D4. Each of these connections was repeated 

three times with an increased awareness of movement and sound. 

The importance of lateral movement in order to 

align the finger with the key prior to lifting was 

stressed, as was the release of the pressure on the 

key immediately after playing. The procedure was 

turn, lift, drop, release, listen and evaluate the tone, 

then turn for the next note. 

Video 4.6 Alternating notes 

The lifting was done by a relaxed opening of the MCP joint, without any pulling across the hand and 

without undue curling of the fingers, which were softly flexed.  Video 4.7 and 4.8 contrast the effects 

of finger-lifting with and without tension. The purpose of the lifting was to free the finger; once 

stablished the fingers could remain closer to the keys in the playing of repertoire. 

 Video 4.7 Lifting with tension Video 4.8 Relaxed finger lifting 
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Awareness of tone was stressed at each step, as the resonance was a good indication to both the subject 

and myself of the amount of tension in the body. The tension in the forearm was monitored, as was the 

tension on the palmar side of the wrist and in the forearm.  The subject was invited to assess the quality 

of sound and ease of movement.  The ideal was that the sound was pure and the movement felt 

effortless. Posture was checked at every stage, making sure that the body was supported and that the 

arms were hanging freely from the shoulder. 

4.5.4 Step Four 
Retraining in scale work began by teaching a slow 

B major scale, with the right hand, ascending and 

descending in two four-note sections, the first 

tetrachord from B to E, using D1 on the E, and then 

the second tetrachord from E to B with D1 on the B, 

before progressing to a complete scale. 

Video 4.9 B major scale segments 

Each segment was repeated several times until the 

movement felt free and balanced.  The scale of D 

flat was used for the left hand. So that this was a 

mirror of what had been practised with the right 

hand, the scale segments descended from f to c and 

then from c to f.  

Video 4.10 Scale segments LH 

Other scale segments were also used, starting on 

any note within the scale, in order to practise 

crossing over the thumb in various positions. 

Video 4.11 Further scale segments 
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Video 4.12 shows an exercise used to aid the 

flexibility of the thumb that is required for efficient 

scale playing. 

Video 4.12 Thumb flexibility 

Support of the ulnar border was developed by 

anchoring on D2, and repeating D5 with a relaxed 

opening at the MCP joint. 

Video 4.13 Strengthening the ulnar border 

If there was a problem within the scale transferring from the dystonic finger to the compensating 

finger, a mental distraction was offered between these two fingers in order to break the connection. 

Another useful technique for overcoming a dystonic 

blockage was a downward convex swing with the 

wrist, which helped to break the anxiety associated 

with movement between the dystonic and 

compensating finger and allow the completion of 

the scale. 

Video 4.14 Crossing over the thumb 
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Once the two sections of the scale were 

accomplished with ease, the entire scale was played 

at the tempo ♪=48 for one octave ascending 

finishing on the thumb and then descending.  The 

left hand was practised descending first and then 

ascending. 

Video 4.15 Complete LH Scale 

Principles of scale technique included: 

• free movement of the thumb when crossing under the hand

• a constant level of the hand, with the descending part of the scale moving as in a mirror image

of the ascending

• release of the thumb immediately after playing

• the thumb crossing under the hand just before playing without unnecessary preparation

• a supported ulnar border of the hand without collapse of the MCP joints

Gradually the scale tempo increased to ♪=60. 

4.5.5 Step Five  
With each step the procedure was to begin by checking all the preceding exercises. The subject was 

permitted to progress to the next step only if the movement was performed without tension in the 

forearm, under the wrist or in the elbow. It was essential that the elbow and wrist remained unrestricted 

and ‘floating’ at all times. 

An exercise to aid the freedom of the wrist was 

introduced. The third finger was anchored on a 

white key and the wrist traced large circles in the 

air. This was done both clockwise and 

anticlockwise, with the nondystonic hand and then 

with the dystonic hand. 

Video 4.16 Wrist circles 
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When this could be done with ease, notes were added in the following pattern. 

Figure 4.2 Wrist circles 

This exercise was then extended to cover five notes. 

Video 4.17 Wrist circles with fingers playing 

Dropping on single notes was introduced from a height of four centimetres above the keyboard. The 

wrist began by being raised slightly above the level of the hand, and then was instructed to fall to just 

below the base level of the key before rebounding upwards. The playing finger supported the controlled 

weight of the arm, and the release of the key was 

led by an upward movement of the wrist. The 

subject was made aware of the quality of the sound, 

to ensure that there was no harshness of tone. The 

dystonic finger was attempted only after all other 

fingers in each hand could perform the exercise 

with ease. 

Video 4.18 Dropping on single notes 
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4.5.6 Step Six 
The slur was introduced, dropping on each finger and floating off on the next, with the wrist leading the 

movement. The wrist began above the level of the hand as for dropping on single notes and released 

after playing by moving forward and up until the fingers naturally left the keyboard. Each pair of 

fingers proceeded along the white notes, D2-D3, D2-D3, D2-D3, then D3-D4, D3-D4, D3-D4; D4-D5, 

D4-D5, D4-D5 etc. as shown in Video 3.16.  

Figure 4.3 Slurs 

When two note slurs were mastered, slurs over three, four and five notes were introduced. 

Figure 4.4 Slurs over groups of notes 

Video 4.19 Slurs with groups of notes 






In order to further assist the release of the hand and 

wrist, dropping on two, and then three simultaneous 

notes was tried, first with single falls and then with 

double falls.  

Video 4.20 Double falls 

4.5.7 Step Seven  
Before playing an arpeggio, the skill of transfer between non-adjacent notes needed to be established. 

Minor thirds with consecutive fingers were attempted, moving the wrist with a slight convex swing to 

align the finger before lifting it freely and dropping 

on to the key. Each connection was repeated at least 

three times, swinging laterally:  

D2-D3-D2-D3-D2-D3, D3-D4-D3-D4-D3-D4,  

D4-D5-D4-D5-D4-D5, D1-D2-D1-D2-D1-D2.  

This progressed chromatically up the keyboard with 

the right hand, and down the keyboard with the left 

hand. 

Video 4.21 Minor thirds 

Slow diminished–seventh arpeggios at a speed of ♪=48 beginning on e1 in the RH and G in the LH

were introduced with each hand separately. This position was the most natural because of D3 and D4 

being on black notes, making for an ease of turning under the thumb. The left hand began in 

descending motion so that the movement became the reverse of that of the right hand. 

Principles of technique as shown in Chapter 3, Video 3.15 included: 

• Alignment of each finger with the key before playing

• Release of each finger after playing (with the hand closing after each note)

• A supported D4 MCP joint to allow the thumb to pass under freely without lifting the wrist

• Immediate relaxation of the thumb after playing (especially when D4 is crossing)

• A convex downward swinging movement of the wrist after crossing over the thumb.
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4.5.8 Step Eight  
In the five-finger exercises, support of the MCP 

joints was reinforced by allowing the hand to ride 

forward on the key without raising the wrist. 

Video 4.22 Riding forward 

When the above techniques were mastered, scale tempi were gradually increased and different scales 

were introduced. In white-note scales the thumb was encouraged to hang away from the keys to ensure 

that ulnar deviation was avoided. 

Brahms Exercises No. 8a and 7 were introduced (Brahms, 1833-97). 

Brahms Exercise No. 8a is an extension of the minor third exercise tried in the previous session. 

Principles observed were: 

• Lateral movement of the wrist without raising between notes

• Alignment of the finger with the key prior to lifting and playing

• Avoidance of ulnar deviation by allowing the thumb to hang away from the keyboard when not

in use.

Figure 4.5 Brahms Exercise No. 8a 
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Video 4.23 Brahms Exercise No. 8a 

A dystonic hand often finds it difficult to release from a closed position and therefore Brahms Exercise 

No. 7 was introduced. The hand was encouraged to open from the chromatic position, releasing each 

finger after transferrring to the next note. 

Figure 4.6 Brahms Exercise No. 7 

Video 4.25 Brahms Exercise No.7 descending Video 4.24 Brahms Exercise No.7 ascending 

All other exercises were continued as before. 
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4.5.9 Step Nine 
The speed of the scale increased in sections and then as a complete scale to ♩=60 and then by further 

increments where possible and appropriate for the subject. 

Work on test-repertoire began at very slow speeds and the new techniques were applied to these 

passages, working with one hand at a time. 

Analysis of these passages began at a speed of ♪=48, with progression to faster speeds only after the 

techniques were perfected at the slower tempi, so that the quality of the movement was ensured. All 

unnecessary stretching was removed by using lateral movement of the wrist. As reading the notes takes 

concentration away from the quality of movement, it was helpful to memorise the repertoire before 

playing. Repetition without awareness was avoided. It was important to cease practising while the 

movement was still perfect, as fatigue can limit coordination. Once the balance was established, 

endurance was no longer a problem because of the lack of stress in the movement. 

A beneficial exercise to aid the free lateral movement of the arm was a crossing over exercise from the 

thumb to D4, and later to D’s 2, 3 and 5. 

Figure 4.7 Lateral swings 

This is achieved with a quick horizontal movement 

of the arm without lifting the wrist. The weight of 

the arm is supported by the finger and the arm 

‘dives’ from one note to the next, freeing the thumb 

at the same time. When well coordinated, this 

creates the impression of legato between the notes. 

Video 4.26 Crossing over  

91 






As dystonia is most common in the right hands of pianists, two left-hand pieces were introduced for the 

subjects with dystonic right hands, to check that the left hand could apply the subtleties of the pianistic 

changes to repertoire.  The left-hand parts of the Revolutionary Étude Op. 12, No. 12 (Chopin) and 

Prelude No. 3 in G, Op.28 (Chopin) were used, again applying the principles of avoiding unnecessary 

tension in the wrist, forearm and shoulder, and having a good tone, well-aligned fingers and a balanced 

posture. 

4.5.10 Step Ten 
As passages became comfortable and it was possible to maintain a balanced relaxation in the wrist and 

forearm, different techniques were introduced to enable the repertoire to be played at the required 

tempo. 

These included: 

Stopping on different notes within the phrase and 

checking hand alignment and release. This was also 

useful in increasing the speed of scales. 

Video 4.27 Stopping practice 

An active movement of the dystonic finger away 

from the compensating finger.  

Video 4.28 Active releasing 
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Playing different notes within the phrase with a 

slight accent. 

Video 4.29 Accent practice 

Repeating the connections between pairs of notes 

within the phrase. 

Video 4.30 Contact practice 

Playing small groups of notes at speed with one arm 

fall (as a single thought – ‘chunking’), then dividing 

a repertoire passage into segments of approximately 

four, five or six notes and playing them at speed 

with one arm fall. Segments were chosen at random 

so that different groups of notes were ‘chunked’ 

together. 

Video 4.31 Chunking 
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Taking three or four notes and successively adding 

extra notes one at a time until the passage is 

complete. 

Video 4.32 Adding practice 

Further video examples of the application of these steps are given in Chapter Five, Case Study One. 

4.6 Outcome Measures 
The DER and PER were again administered after the tenth session of training and after further sessions 

where appropriate and possible.  The three scales, diminished-seventh arpeggios and test-repertoire 

were re-recorded after the tenth session of training and after further sessions where appropriate and 

possible.  These recordings were used as the basis of outcome measures as outlined below. 

4.6.1 Scales 
The sound only of the recorded scales and diminished-seventh arpeggios (from both dystonic and 

nondystonic hands) prior to Step 1 and after Step10 were then replayed in random order with various 

repetitions to a professional pianist (labelled the Blinded Listener, (BL)), who assessed the quality of 

the playing.  The BL was blinded to the identity of the subject, which hand was playing, whether or not 

the recording was from a dystonic hand, and whether it was recorded pre- or post-retraining. 

The BL was asked to use two evaluations to assess the scales and diminished-seventh arpeggios; the 

Scale-Quality Evaluation (SQE) (See Table 4.5) and the Dystonic Hand Identification Evaluation 

(DHIE) (See Table 4.6.). 

Table 4.5 Scale-Quality Evaluation (SQE) 

The scale was very uneven in tone and rhythm 1 

The scale was almost rhythmically accurate but the tone was not even 2 

The scale was rhythmically accurate but not quite even in tone 3 

The scale was rhythmically accurate and even in tone 4 

94 






Table 4.6 Dystonic Hand Identification Evaluation (DHIE) 

Played with the dystonic hand D 

Played with the nondystonic hand ND 

4.6.2 Test-Repertoire (TR) 
Improvements in TR performance from the retraining protocol were assessed by the BL in two ways: 

First, the BL used two rating systems to evaluate the performances on video; an auditory assessment 

named the Test-Repertoire Evaluation (TRE) (See Table 4.7) and a visual assessment, the Visual 

Evaluation Rating (VER) (See Table 4.8). (The TRE and VER assessments were randomised and 

blinded in a similar fashion to the scales and diminished-seventh arpeggios as outlined above.) 

A further assessment (Previous Level Evaluation (PLE) (See Table 4.9) compared the TR with 

previous recordings (PR) by the pianist.  The PR were recordings made prior to the onset of focal 

dystonia of pieces which were of similar technical difficulty. 

Table 4.7 Test-Repertoire Evaluation (TRE) 

Blockage was evident and playing was rhythmically and/or tonally 
inaccurate 

1 

The playing was restricted in tempo and/or had rhythmic inaccuracies or 
unsteady fingering 

2 

The playing was rhythmically accurate but not at full tempo 3 

The playing was in the required tempo, even in tone and rhythm but 
without freedom of expression 

4 

The playing was even in tone and rhythm and showed freedom of 
expression 

5 

Table 4.8 Visual Evaluation Rating (VER) 

Severe problems passing from one note to the next 1 

Involuntary movements were visible 2 

Extreme ulnar deviation was noticed in the hand position 3 

The hand was noticeably stiff and cramped 4 

The hand adjusted to alignment with the keys 5 

The hand appeared relaxed and was able to move with ease 6 
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Table 4.9 Previous Level Evaluation (PLE) 

Major difference in performance standard 1 

Moderate differences in performance standard 2 

Small differences in performance standard 3 

Minimal difference in performance standard 4 

Performed at previous level 5 

4.6.3 Statistics 
Data for the first three subjects were statistically analysed as described below, and are presented in 

Chapter 5 (individual data for each of the Subjects 1-3, without statistical analysis are presented in 

Chapters 6-8 -these data are combined and analysed as presented in Chapter 5).  Analysis to assess the 

changes from pre-retraining to post-retraining was carried out using analysis of variance (ANOVA) 

using Proc GLM is SAS v9.1 (SAS Institute, Cary, NC). Models assessing the change in the SQE 

controlled for the subject, the scale played, the tempo the scale was played at, along with the factors of 

most interest (whether it was pre- or post-retraining and whether it was the dystonic hand or not). 

Analysis of the TRE and VER controlled for subject, Blinded Listener and for pre- or post-retraining. 

An ANOVA was used for the statistical analysis despite the small number of subjects: although there 

were only three subjects, there was a large amount of data available for analysis. These data consisted 

of first, the number of scales (four per subject at a range of nine tempi, both pre- and post-retraining) 

and second, the three different pieces of music recorded pre- and post-retraining: hence, the ability to 

look for and control for the effects of tempo, scale, and dystonic hand as well as to determine any 

differences in effect between subjects and the effect of retraining. 
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CHAPTER FIVE 

RESULTS: PHASE ONE 

The combined results of the initial three subjects from Phase One of the research are presented in this 

chapter, and the more detailed case histories and individual results are presented in Chapters Six to 

Eight. The subject characteristics on initial assessment are presented in Table 5.1. 

Table 5.1 Combined Initial Subjective Assessment 

Subject One Subject Two Subject Three 

Age (y) 53 23 23 

Sex M F M 

Level of 
Performance 

Professional 
concert soloist 

Graduate 
university 
performance 
student 

Doctoral 
student/professional 
concert level 

Years of Playing (y) 43 13.5 16 

Duration of Focal 
Dystonia 

5 years 4 years 8 months 

Hand Dominance right right right 

Hand affected right right left 

Digits affected D3 and D4 D2 and D3 D2 

As Table 5.1 shows, one subject was an international concert pianist and the other two were graduate 

performance students. Duration of focal dystonia ranged from eight months to five years. The right 

hand was affected by focal dystonia in two subjects, and the left in the third subject. 

Prior to the onset of this condition they had not experienced any symptoms of focal dystonia, and had 

been able to maintain a rigorous practice schedule of more than four hours per day. The subjects had 

been through various forms of treatment, which included physiotherapy, osteopathy, acupuncture, 

trigger-point therapy, Feldenkrais and massage. All were prevented from continuing their level of piano 

performance because of this condition. 

Evaluation ratings of the severity of the focal dystonia for each of the three subjects, before and after 

retraining, are presented in Table 5.2. 
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Table 5.2 Severity of Dystonia Ratings 

Subject 1 Subject 2 Subject 3 

PPE (Previous level of 
Performance Evaluation 

6 3 5 

Pre Post Pre Post Pre Post 

DER  
(Dystonic Evaluation Rating) 

1 4 1 4.5 2 3 

PER  
(Pianistic Evaluation Rating) 

1 6 1 5.5 2 4 

TRE  
(Test-Repertoire Evaluation) 

1 3 1.7 4 2 2.5 

VER  
(Visual Evaluation Rating) 

1 3 1 4.2 2.8 3.8 

PLE (Previous Level of 
Performance) 

1 4 1 4 Not assessed 

The DER and PER improved in all subjects post-retraining. The PLE was not assessed for Subject 

Three because the minimum ten sessions did not prove to be sufficient for his test-repertoire to return 

to previous tempi and therefore the test would have been invalid. However, Subjects One and Two 

showed substantial improvement. 

The basic means for changes in SQE with treatment are shown in Figure 5.1. 

Figure 5.1 Changes in SQE with retraining for both dystonic and nondystonic hands 
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Figure 5.1 shows the mean SQE before and after retraining when results for all subjects are combined. 

The mean SQE improved from 3.12 (SD 0.89) to 3.78 (SD 0.47) for the nondystonic hands and from 

2.32 (SD 1.05) to 3.54 (SD 0.66) for the dystonic hands. This represented an improvement of 0.66 for 

the nondystonic hands and 1.22 for the dystonic hands. Thus the improvement in the dystonic hand was 

twice that of the nondystonic hand.  

The analysis of variance (ANOVA) of all five variables (subject, retraining, scale, tempo, and dystonic 

hand) on SQE is shown in Tables 5.3 and 5.4.  These tables demonstrate that the variables that have a 

significant effect on the SQE are retraining (p<0.0001), dystonia (p<0.0001), and the interaction 

between these two variables (p=0.006), the latter signifying a greater improvement in one hand than the 

other after retraining (Table 5.3).  The subject, key of scale and tempo did not have a significant effect 

on the SQE.   

Table 5.3 ANOVA of five variables (subject, retraining, scale, tempo, dystonic hand) and the 

interaction between retraining and the dystonic hand on SQE 

Source DF Type III SS Mean Square F value p 

Subject 2 2.4 1.2 2.0 0.1329 

Retraining 1 43.5 43.5 73.8 <0.0001 

Key of Scale 4 4.7 1.2 2.0 0.0968 

Tempo 8 4.9 0.6 1.0 0.4077 

Dystonic hand 1 15.9 15.9 27.0 <0.0001 

Interaction between 
retraining and dystonic 
hand 

1 4.5 4.5 7.7 0.0060 

The results of these five variables and also the interaction between the treatment variables and the 

dystonia variables on the SQE are shown in Table 5.4. The fifth row of Table 5.4 (‘pre/post’) shows 

that the effect of the retraining on the dystonic hand is 1.19 points (i.e. retraining improves the SQE in 

the dystonic hand by 1.19 points). However, when the interaction between retraining and which hand is 

retrained is looked at, it can be seen that there is an adjustment of -0.56 points for the treated non-

dystonic hand (see bottom row of Table 5.4). In other words, the non-dystonic hand improved by 0.63 

points with retraining (the adjustment of -0.56 represents the difference between the improvements in 

the dystonic hand and the nondystonic hand, 1.19 - 0.56 = 0.63).   
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Table 5.4 Results of the five variables and the interaction between retraining and the dystonic 

hand on the SQE 

Parameter Estimate 

Standard 

Error t Value Pr > |t| 

Intercept 2.73 0.36 7.53 <0.0001 

Subject          One -0.27 0.14 -1.95 0.0526 

Subject  Two -0.09 0.15 -0.61 0.5410 

Subject  Three 0 

Pre/post          Post 1.19 0.14 8.23 <0.0001 

Scale  ARP 0.14 0.17 0.83 0.4061 

Scale  B -0.15 0.16 -0.92 0.3586 

Scale  C 0.20 0.16 1.23 0.2211 

Scale  E 0.21 0.24 0.88 0.3806 

Scale  E flat 0 

Tempo         ♩=88 -0.35 0.33 -1.06 0.2888 

Tempo         ♩=120 -0.52 0.31 -1.67 0.0972 

Tempo         ♩=126 -0.72 0.43 -1.69 0.0921 

Tempo         ♩=132 -0.40 0.31 -1.30 0.1936 

Tempo         ♩=138 -0.12 0.34 -0.37 0.7134 

Tempo         ♩=144 -0.24 0.31 -0.78 0.4364 

Tempo         ♩=152 -0.37 0.36 -1.03 0.3046 

Tempo         ♩=160 -0.23 0.35 -0.68 0.4993 

Tempo         ♩=168 0 

Dystonic       0 0.80 0.15 5.47 <0.0001   

Interaction between retraining and 
dystonic hand 0 

-0.56 0.20 -2.78 0.0060 

The basic means in Figure 5.1 are slightly different from those presented in Table 5.4, as they do not 

take into account the effects of the other variables. This minimal difference in improvement of the SQE 

100 



scores between the basic means (Figure 5.1) and when the effect of the other variables is take into 

account (Tables 5.3 and 5.4) shows that these other variables (scale, tempo, and subject) have very little 

effect on the SQE and explains why they are not significant in the model presented in Table 5.4. 

The DHIE scores are shown in Figure 5.2. 

Figure 5.2 Changes in the DHIE scores with retraining for both dystonic and non-dystonic hands 

Figure 5.2 shows that the blinded listener correctly identified the non-dystonic hand 41/55 times (75%) 

pre-retraining and 54/62 times (87%) post-retraining; this change was not statistically different. 

However with the dystonic hand, the blinded listener correctly identified the dystonic hand 44/56 

(79%) times pre-retraining, but post-retraining the BL could only correctly identify the dystonic hand 

18/64 (28%) times, a significant decrease (p<0.0001). 

Analysis for the test-repertoire (TRE), found an overall increase in scores with retraining of 1.0 point 

(p<0.0001); however, there was also a significant interaction between time and subject. There were 

increases in TRE of 1.3 and 1.9 points for Subjects One and Two respectively, but a decrease of 0.1 

points for Subject Three (Table 5.5). This was largely because the TR did not return to full tempo in 

Subject Three. 
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Table 5.5 TRE after retraining 

Subject TRE 

1 1.3 

2 1.9 

3 -0.1 

Similarly, the VER showed an overall increase from pre- to post-training of 1.3 points (p<0.0001). 

However, again there was a significant interaction between time and subject, with Subjects One and 

Two showing increases with retraining of 1.4 and 2.3 points respectively, whilst the Subject Three 

showed an increase of 0.3 points (Table 5.6). 

Table 5.6 VER after retraining 

Subject VER 

1 1.4 

2 2.3 

3 0.3 

Chapters Six, Seven and Eight that follow present and discuss the data from the individual three 

subjects with supporting video clips demonstrating their progress. (As the pooled data from these three 

subjects has already been statistically analysed and presented in this current chapter, further statistical 

analysis on the data from each individual subject was considered unnecessary as the pooled data had 

more statistical power.) 
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CHAPTER SIX  
PHASE ONE 

CASE STUDY: SUBJECT ONE 

6.1 History 
Subject One was a 53-year-old male RH-dominant pianist of international concert level. He had played 

for 43 years prior to onset of focal dystonia and had practised for an average of three to four hours daily 

for 23 years. The symptoms of focal dystonia had begun five years before participation in this study 

and developed quite suddenly when the subject noticed a problem with descending scales, in particular 

the E♭ scale in the Emperor Concerto by Beethoven. With increased practice the problem became 

worse, gradually affecting all descending and ascending scale passages. He struggled with this 

dysfunction for one year before having to cancel all concerts. 

His right hand was affected, particularly D3 and 

D4, although D2 also compensated in an attempt to 

balance the problem. The dystonic movement was 

an involuntary flexion at the D3 MCP joint, 

particularly when D4 was played, an unwanted 

ulnar deviation of D3, and a tendency for D3 to play 

involunatarily when playing octaves with D1 and 

D5. In addition, it became impossible to lift D3 

unless D4 was also lifted. 

Video 6.1 Subjective description of symptoms 

Prior to the onset he had decided to play all the works of Chopin, and would begin his practice each 

day with full-speed études, in particular Chopin Étude Op.10 No. 2 for D4 and D5, Op. 25 No. 18 for 

thirds, and Op. 25 No. 22 for octave playing. The étude Op. 10 No 2 requires D3 and D4 to overlap at 

speed. This regime continued for one month, followed by the usual three to four hours of other 

repertoire daily. The duration of practice time remained constant, but there was a change in the type of 

repertoire. There was no particular personal stress prior to onset except for his internal drive to succeed, 

a growing frustration with the negativity of some professionals, lack of understanding by conductors, 

and dissatisfaction with the demands of the profession. There was no previous history of injury, 

operations or muscular pain.  Gardening was the only other regular physical activity. 
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He had tried the following treatments: myofascial trigger-point release, physiotherapy, acupuncture, 

osteopathy, work with a Chigung master to send ‘energy’ into hands, and a brief trial of medication for 

this condition (beta blockers). He had applied sensory retraining techniques by reading dominoes and 

Braille with his fingertips, and had also worked for 

some months with splints. Although at first he had 

noticed some modest improvement with the splint, 

D3 tended to drop as soon as the splint was 

removed (Video 6.2).  I also noted that the use of 

the splint resulted in tension in the wrist and 

therefore this was not continued after retraining 

began. 

Video 6.2 Work with a splint 

His history is summarised in Table 5.1. 

6.2 Subjective Assessment 
His Previous Level of Performance Evaluation (PPE) was 6 (i.e. can play as an international soloist). 

His Dystonia Evaluation Rating (DER) prior to commencement of retraining was 1 (dystonia was at its 

worst) 

His Pianistic Evaluation Rating (PER) prior to commencement of retraining was 1 (unable to play with 

any fluency or rhythmic control). He reported that his playing had lost its clarity and evenness, and 

fatigue set in after only a few minutes. 

6.3 Initial Objective Assessment 
His initial Scale-Quality Evaluation (SQE) rating was 1 (scale very uneven in tone and rhythm).  His 

initial Test-Repertoire Evaluation (TRE) was 1 (stilted and rhythmically inaccurate).  His initial Visual 

Evaluation Rating (VER) was 1 (severe problems passing from one note to the next). 

6.4 Observations During Retraining 
Subject One presented showing a very stiff wrist and forearm. Although his performing posture was 

good, he often practised without supporting the abdominal muscles and so was slightly slumped at the 

piano. His MCP joints showed considerable lack of support with the ulnar border of the hand tending to 

collapse. The shoulder was quite relaxed, but unnecessary tension in the forearm was observed. 

104 






At first it was not possible to play D3 and D4 

independently, meaning that these fingers would 

sound simultaneously. 

Video 6.3 Difficulty passing from D2-D4 

The MCP joints were barely visible when the fingers played. Training began with the nondystonic 

fingers, and since it had not been possible to move the dystonic finger independently, other fingers 

were also lifted at the same time as long as they maintained a sense of relaxation. At first the subject 

was anxious about this lack of individual movement, as his former training had stressed the need for 

independent use of fingers in exercises involving holding down all fingers except the playing finger. 

Video 6.4 Fourth-finger independence 

Placing a finger underneath the joint when playing 

assisted awareness of the movement of each finger. 

Video 6.5 Training the MCP joints 
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There was almost no control of the dystonic finger, which would become stuck and was not able to 

obey the command to lift and play. Only when allowing the compensating finger to move at the same 

time was this possible, and independence of movement was gradually accomplished. It was important 

not to hold the dystonic finger in the air, but in order to avoid blockage to swing and strike as one 

movement. Another consequence of the blockage was increased tension in the wrist and forearm.  In 

Step One of the training, considerable work was done to encourage the support of the MCP joints as the 

fingers were lifted, dropped and released. The 

support of the MCP joints greatly assisted the 

quality of the lifting, which was never allowed to 

cramp the hand. The turning in preparation for each 

note was done without any tension in the wrist, 

which had to ‘float’ at all times. 

Video 6.6 A summary after five days of 
retraining 

Evidence of the interference of the main 

compensating finger is shown here between D4 and 

D3 in the descending five-finger pattern, making it 

impossible to play D4 independently. 

Video 6.7 Dystonic movement in a 
descending five-finger pattern 

It was important to encourage the playing finger to 

support the weight of the arm in order to provide a 

stable platform from which the next finger could lift 

and drop. When blockage was evident, it was 

possible to break the connection by offering an 

unrelated thought as a distraction (See Step 2), and 

so to complete the movement. 

Video 6.8 Mental distraction to avert dystonic 
movement 
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In the five-finger pattern of Step Two of the 

retraining, each finger was released after playing. 

Video 6.9 Releasing each finger after playing 

The hand adjusted to maintain alignment with the 

keys, but the collapsed ulnar border is still visible in 

the following video clip. By this stage the fingers 

were able to move independently at this very slow 

tempo. The active release or ‘wiggle’ of the hand at 

the mid-point of the exercise was to ensure that no 

tension had remained in any part of the hand in the 

course of the exercise. 

Video 6.10 Independent use of fingers 
over a five-finger pattern  

In Step Three, as alternating notes were played in 

different combinations, the importance of the 

downwards convex movement of the wrist is seen, 

referred to as the ‘smile’. At this stage the subject 

began to feel the developing of strength in the MCP 

joint of D4 and was also becoming aware of the 

amount of lateral movement required to ensure 

alignment with the keys prior to playing.. 

Video 6.11 Alternating note patterns 
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The release of each finger was facilitated by making a movement much larger than required, away from 

the direction of playing. This was particularly 

helpful in order to clear the compensating finger 

from the dystonic finger. In (Video 6.12) a typical 

blockage of the dystonic finger can be seen. The 

importance of maintaining relaxation in the wrist 

was reinforced at all times. 

Video 6.12 A typical dystonic blockage 

Wrist circles were introduced to loosen the wrist. 

These were much easier when pivoting on the 

compensating finger.  The dystonic finger seemed 

‘reluctant’ to carry the weight of the arm as if it had 

an in-built protection mechanism against further 

injury. 

Video 6.13 Wrist circles 

Subject One had habitually raised his wrist in scale 

playing when turning under with the thumb, which 

contributed to the falling of the dystonic finger. 

This could be prevented by increased support of the 

MCP joint in order to avoid unnecessary movement 

of the wrist. Scales segments were repeated many 

times before progressing to the complete scale. 

Each finger was released away from the direction of 

playing. 

Video 6.14 Scale segments 
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It was difficult for the dystonic finger to maintain 

this support at the MCP joint, but this was 

facilitated by ‘riding forward’ with the arm without 

raising the wrist. 

Video 6.15 Developing MCP support 

Wrist flexibility and arm relaxation were aided by dropping on single notes and slurs, using an 

exaggerated movement. 

Video 6.16 Dropping on single notes  Video 6.17 Slurs 

As the full scale was attempted, the hand was 

encouraged to open and release after every note, and 

to actively open D3 when playing D4 in the 

descending scale. Whenever D5 was involved the 

wrist became tense, and D4 and D3 tended to play 

simultaneously. Interrupting the movement with 

wrist circles relieved this tension.  

Video 6.18 Opening the hand away 
from the dystonic movement 
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It was important to align D4 with the key and to 
avoid ulnar deviation. 

Video 6.19 Avoiding ulnar deviation 

Brahms Exercise No. 8 (Brahms, 1833-97) was 

extremely challenging at first because of D3 and D4 

sounding together in the descending passage. The 

emphasis was on lateral turning without raising the 

wrist. 

Video 6.20 Brahms Exercise No. 8 

It was important to take the weight on the playing 

finger before turning and lifting to play the next. 

This seemed to free the dystonic finger. Sometimes 

the finger would ‘jam’ in a typically dystonic 

blockage, as can be seen in the descending part of 

the exercise in (Video 6.21). 

Video 6.21 Brahms Exercise No. 8 showing a 
dystonic blockage 
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The separation of the dystonic and compensating 

fingers was eventually accomplished. 

Video 6.22 Brahms Exercise No. 8 mid-
retraining 

Post-retraining, Brahms Exercise No. 8 could be 

performed with freedom and without any dystonic 

cramping (Video 6.23). 

Video 6.23 Brahms Exercise No. 8 
post-retraining 

Brahms Exercise No. 7 (Brahms, 1833-97) was 

most useful in enabling the hand to release each 

finger after playing, as shown in (Video 6.24) in the 

ascending pattern. This was challenging because of 

the closed position of the hand inherent in the 

chromatic pattern. 

Video 6.24 Brahms Exercise No. 7 ascending 
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In the descending pattern the release was achieved 

in both directions, which helped to avoid the 

cramping of the hand. 

Video 6.25 Brahms Exercise No. 7 descending 

Post-retraining the benefit gained from this exercise 

is evident in (Video 6.26). 

Video 6.26 Brahms Exercise No. 7 post-
retraining 

This deliberate opening of the hand was also useful 

in retraining the scale. The compensating finger was 

consciously separated from the dystonic finger by 

throwing it away from the direction of playing. The 

E flat scale was particularly challenging because of 

the cross over to D3 and D4 on black notes, and 

therefore was one of the scales selected for the SQE. 

Video 6.27 Slow E flat scale 
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As speed was regained the ‘riding-forward’ 

technique was helpful in connecting the dystonic 

finger with the key bed, stopping on the dystonic 

finger. Tension in the wrist was closely monitored. 

Video 6.28 E flat scale practice riding forward 

There was immediate improvement in the scale-

quality following this type of practice (Video 6.29).  

Video 6.29 E flat post MCP practice 

The principle of alignment with the keys can be 

clearly seen in the slow-motion clip (Video 6.30) of 

a diminished-seventh arpeggio. The hand was able 

to remain open with no evidence of dystonic 

cramping. The close alignment of each finger to the 

axis of the key is shown by superimposition of 

graphics. 

Video 6.30 Diminished-seventh with markings  
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6.5 Outcome Measures Results 
Subject One was highly motivated and although his symptoms (DER=1) had caused him to cancel 

concerts for four years prior to retraining, he was determined to play again. His enthusiasm and 

willingness to participate, and the support of his medical team, persuaded me to pursue this project. His 

retraining programme showed significant improvement over the first ten sessions, with major 

correction in developing the MCP joints and in reducing tension from the wrist and forearm.  

6.5.1 DER 

The DER post-retraining was 4 (cf. DER pre-retraining = 1). 

6.5.2 PER 
The PER post-retraining was 6 (cf. PER pre-retraining = 1). 

6.5.3 Scales 
The SQE scores for the dystonic right hand are presented in Table 6.1. 

Table 6.1 Mean SQE score for Subject One 

Nondystonic hand  Dystonic hand 

Tempo Pre-retraining Post-retraining Pre-retraining Post-retraining 

♩=88 3 3 3.3 3.6 

♩=120 3 3.3 1.8 3.3 

♩=132 3.3 4.2 1.2 2.7 

♩=144 3.8 4 1.7 3.2 

♩=152 not attempted 3.7 not attempted 3.7 

♩=160 not attempted 4 not attempted 3.2 

The data from the BL’s rating as to whether a scale was played with a dystonic versus a nondystonic 

hand are presented in Table 6.2 for both pre-retraining and post-retraining, for different tempi.  
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Table 6.2  Percent correct responses for identification of whether a playing hand is dystonic or 

nondystonic 

Nondystonic hand  Dystonic hand 

Tempo Pre-retraining Post-retraining Pre-retraining Post-retraining 

♩=88 75% 25% 50% 50% 

♩=120 100% 25% 100% 50% 

♩=132 66.6% 66.6% 100% 50% 

♩=144 75% 100% 100% 50% 

♩=152 not attempted 100% not attempted 33.3% 

♩=160 not attempted 100% not attempted 33.3% 

6.5.4 Test-Repertoire 
Test-repertoire segments chosen were: 

Mozart Sonata in C K. 545, first movement 

Chopin Étude in F Op. 10, No. 8 

Schubert Impromptu in A ♭ Op. 90 No. 4 

Table 6.3 TRE scores pre- and post-retraining  

Repertoire Pre-retraining Post-retraining 

Mozart 1.8 4.1 

Schubert 2 4 

Chopin 1.9 3.5 

Table 6.4 VER scores pre- and post-retraining 

Repertoire Pre-retraining Post-retraining 

Mozart 1.7 4 

Schubert 1.8 4.3 

Chopin 1.8 3.9 
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Prior to retraining Subject One, who was an 

international concert pianist, was unable to play an 

even scale in Mozart Sonata in C (Sonata Facile) 

K.545. 

Video 6.31 Mozart Sonata in C pre-retraining  

This piece was a useful measure, since it focused on 

the turn of a scale at the top of the hand using D3, 

D4, D5, D4, D3, which was most difficult for this 

subject. This was largely due to the collapse of the 

MCP joints and the lack of independence between 

these fingers. 

Video 6.32 Mozart Sonata showing collapsed 
MCP joints  

It became very important to align the fingers during 

the scale passage and to release the thumb after 

playing. Ulnar deviation was avoided by allowing 

the thumb to hang away from the keys. 

Video 6.33 Mozart Sonata showing 
hand alignment and release of the 
thumb 
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Speed was increased by grouping notes together, 

stopping on different notes within the phrase, in 

particular the dystonic finger. 

Video 6.34 Mozart Sonata with 
stopping practice  

Post-retraining the turn of the scale was achieved 

fluently with minimal difference to his previous 

level. 

Video 6.35 Mozart Sonata in C post-retraining 

Chopin Étude in F major Op. 10, No. 8 was chosen 

because of the difficulty experienced by this subject 

in crossing over the thumb. At first he was unable to 

cross over to D4 without D3 sounding as well. 

. 

Video 6.36 Chopin Étude No. 8 showing 
difficulty crossing over to D4 
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It was important to anchor on D1 and open D3 as 

part of the crossing-over movement. 

Video 6.37 Chopin with crossing 
over practice 

Gradually it was possible to cross over thumb and 

complete the right hand (RH) passage at a moderate 

speed. 

Video 6.38 Chopin Étude No. 8 mid-retraining 

It was helpful to release the thumb and to make a 

deliberate movement of D3 at the same moment as 

D4 was played. This assisted in separating D4 and 

D3, so that D4 could play independently. 

Video 6.39 Separation of D3 and D4 with a 
deliberate movement 
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After retraining it was possible to play this étude 

with minimal difference to his previous level. 

Video 6.40 Chopin Étude post-retraining 

The Schubert Impromptu was chosen because of 

the difficulty of playing between D2 and D4. At 

first it was impossible to play D4 without D3 

sounding as well. It was important to release the 

wrist and pivot on the key to ensure alignment 

before playing. 

Video 6.41 Schubert opening showing 
blurring of D4 and D3 

The challenges of this repertoire segment are still 

apparent midway into retraining in this Video 6.42. 

The playing is stilted and dystonia is preventing 

total clarity. 

Video 6.42 Schubert Impromptu 
mid-retraining 
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Post-retraining the pianist was able to play the 

Schubert Impromptu with freedom of musical 

expression and no apparent interference from the 

dystonia. 

Video 6.43 Schubert Impromptu 
post-retraining 

The Blinded Listener (BL) evaluated the pre- and post-retraining test-repertoire clips (sound only) and 

compared with the subject’s former level of playing (PLE). The PLE scores pre- and post-retraining are 

presented in Table 6.5.  

Table 6.5 PLE scores pre- and post-retraining 

Repertoire Pre-retraining Post-retraining 

Mozart 1 4 

Schubert 1 4 

Chopin 1 3 

In summary, after retraining Subject One improved in SQE, TRE and PLE. Further sessions were 

possible over the following year after which he was able to return to the concert platform with minimal 

difference to his previous level. Six months later he was able to play a Bach and Mozart concerto with 

no evidence of dystonia. 

The following excerpt of a review acknowledges this.  

He now has an extra dimension to his playing. It is difficult to put a finger on just what 
has changed, but there is now an added poise and a subtler use of tonal colouring. (Button, 2005, 
p. A18) 
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He has maintained his improved condition and 

continues a full-time performing career as a soloist 

and chamber musician with no evidence of 

dystonia. 

Video 6.44 Subject One one year after 
beginning retraining  
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CHAPTER SEVEN  
PHASE ONE 

CASE STUDY: SUBJECT TWO 

7.1 History 
Subject Two was a 23-year-old RH-dominant female pianist who was studying at a third-year 

university performance level. She had played for 13.5 years before the onset of focal dystonia, and 

prior to injury had practised an average of six hours daily. Her right hand was affected, particularly D2, 

D3 and D4, which became tight and unmovable. D3 became very shaky at the tip. The problem began 

with the descending scale when she could not cross from D1 to D4 or D1 to D3 without ‘getting stuck’. 

In the descending scale D1-D4-D3 was impossible without force. She had tried the following 

treatments: Chinese medicine, physiotherapy, acupuncture, massage, Feldenkrais, relaxation and 

visualisation. 

The onset was quite sudden when the subject noticed a problem with descending scales in the Liszt 

Concerto No. 1 in E♭. Prior to this, over a period of four weeks, she had increased her practice time 

from four hours daily to six hours daily.  Included in the difficult repertoire she was working on was 

the Liszt concerto, which involved much octave playing, and many fast semiquaver passages where the 

hand was stretched over a wide span of notes. Chromatic thirds in Chopin’s Ballade No. 4 Op. 52 were 

also a particular problem and were practised intensely. 

There was no specific stress prior to injury except pressure from the family and her own internal drive 

to succeed. 

Four years before the onset of focal dystonia she was diagnosed with occupational overuse syndrome, 

the symptoms being burning pain in the forearm and the palm of the hand.  She presented to me at this 

time for advice, but corrective work was not appropriate because of lack of communication and 

acceptance of the problem by her teacher at the time. 

She was diagnosed with focal dystonia four years prior to the commencement of this study, and her 

teacher at that time approached me for assistance. She then underwent retraining for a period of six 

weeks, making good progress, which enabled her to complete her degree. This was the catalyst for my 

interest in this subject.  She then had a major relapse, which she attributes to increasing her practising 

to include the Tchaikovsky First Piano Concerto. Following this setback she was discouraged, changed 
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her name, and began an unrelated degree. I did not see her again until three years later, when she was 

invited to participate in this research.  Her history is summarised in Table 5.1 (Chapter Five). 

7.2 Subjective Assessment 
Owing to the interrupted nature of her retraining between 2001 and 2004 her progress as measured by 

the DER and the PER is presented in Table 7.1 and Table 7.2 respectively. 

Table 7.1 DER scores for Subject Two 

August 2001 1 

September 2001 after 14 sessions retraining over six weeks 2-3 

June 2004 beginning a new series of ten sessions 3 

June 2004 prior to final series of ten sessions 3 

June 2004 after ten sessions in two weeks 4-5 

Table 7.2 PER scores for Subject Two 

August 2001 1 

September 2001 after 14 sessions retraining over six weeks 2 

June 2004 prior to retraining 2 

June 2004 after ten sessions 3-4 

June 2004 prior to final series of ten sessions 4-5 

June 2004 after final series of ten sessions 5-6 

Her Previous Level of Performance Evaluation (PPE) was 3 (can play at a level of a third-year 

university performance student). 

7.3 Initial Objective Assessment 
Her initial Scale-Quality Evaluation (SQE) rating was 1 (scale very uneven in tone and rhythm). 

Her initial Test-Repertoire Evaluation (TRE) was 1 (stilted and rhythmically inaccurate). 

No video data were available from the initial assessment. 

7.4 Observations During Retraining 
Three years prior to this study, Subject Two had a DER of 1 (severe dystonic problems). 
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The initial examination was done in consultation with a musculoskeletal medicine physician who had 

experience of focal dystonia who confirmed the diagnosis. In my opinion, the sitting position at the 

piano of Subject Two was too high, meaning that the elbow tended to be held out from the body in a 

rigid position. On lowering the stool, the elbow was able to hang relaxed. There was considerable 

tension on the palmar side of the wrist and also in the forearm even before attempting to play. Neck, 

shoulders and back were all realigned. Although the dystonia was between D2 and D3, it was not 

possible to move the thumb without tension. Distraction techniques were attempted but were 

unsuccessful during initial training sessions because of the subject’s anxiety, which contributed to a 

considerable amount of tension in the arm.  

Work began with the nondystonic hand because the subject was afraid of further injury to the dystonic 

hand and arm. Each finger was lifted and then allowed to drop and release, checking the lateral 

movement and alignment with the key, while keeping the wrist and elbow relaxed. The subject had 

difficulty understanding that this was not an independence exercise: finger-lifting was not done in 

isolation, and other fingers were permitted to lift together with the playing finger. At first this work was 

attempted for ten minutes per day using only the nondystonic hand. By the fourth session, techniques 

were beginning to be established without tension in the wrist or elbow with the nondystonic hand, and 

the subject was able to accomplish a very slow balanced scale and arpeggio. Practice time with the 

nondystonic hand was gradually increased to more than one hour, using very slow exercises as 

described in the methodology. 

Work commenced with the dystonic hand. At first even raising this hand to the piano caused tension 

under the wrist and in the arm, and therefore this action was practised without playing until the 

movement was established with ease. Then the single finger exercises proceeded as described in the 

methodology. When playing the dystonic finger alone, the subject reported marked discomfort under 

the MCP joint and severe tension was noted in the wrist and elbow. It was impossible to lift the 

dystonic finger when the compensating finger was playing. 

Dropping on single notes was possible with all but the dystonic finger. After the fifth session in two 

and a half weeks, it was possible to achieve a five-note legato pattern ascending. The discomfort under 

the dystonic finger had disappeared and it was possible to release each finger after playing the next 

note. However, in descending five notes it was not possible to pass from the dystonic to the 

compensating finger without the aid of a mental distraction. By stopping on the dystonic finger and 

offering an unrelated thought, it was possible to play five notes descending and legato. Gradually the 

stopping time was reduced and then the distraction was removed. It was noticed that the dystonic finger 

did not easily turn to align the compensating finger for the following note. When a convex swing of the 
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wrist between these two fingers was introduced, it was possible to complete the movement. This 

revelation made it possible to play a descending scale with a good tone and was most encouraging to 

the subject. 

Minor-third exercises and Brahms Exercise No. 8 were useful in separating the dystonic and 

compensating fingers. At this stage some extremely slow passages from Chopin études were attempted, 

but the quality of movement diminished when reading the notes, and so this was delayed further. 

After three weeks of training sessions with two sessions per week, it was possible to accomplish a 

descending scale without either distraction or convex swing of the wrist. The circular movement of the 

wrist was difficult for this subject as was the upward movement of the wrist in the slur, which made the 

subject feel uneasy as it could trigger the cramp. The subject concentrated on the wrist circles in the 

fourth week, but was concerned about the dystonic finger falling towards the compensatory finger. 

The musculoskeletal medicine physician returned in the fifth week of training and noticed substantial 

changes in the use of the body. He experimented with putting a small piece of tissue between the 

dystonic and compensating finger but this seemed to cause tension in the wrist, which was only just 

being able to move without tension. Playing white-note scales were proving difficult because of the 

position of the thumb over the white notes. When the thumb was allowed to hang away from the 

keyboard, white-note scales were possible because of the more biomechanically favourable alignment 

of the hand. 

By the sixth week of training, the right hand no longer went into spasm, and the dystonic finger was 

sitting noticeably away from the compensating finger. There had been a substantial improvement in the 

quality of sound over the six weeks. The arm was now able to balance without unnecessary tension and 

the wrist was able to be free when playing slurs. The subject had a very structured routine, which 

involved gradual buildup of exercises always starting with the nondystonic hand. She was beginning to 

learn a number of Chopin Preludes, which she was to play in her third-year university performance 

exam, and technically challenging patterns in these pieces were possible as long as the wrist assisted 

the movement. Her motivation was by then very strong, but she became over-confident and departed 

from the set routine, playing the Tchaikovsky Concerto in her practice time. This resulted in a collapse 

of the improvements she had achieved. She was so upset by this that she ‘lost face’, and didn’t return to 

me for further help, although she did complete her degree. 

She subsequently completed an unrelated degree before I contacted her three years after the first 

assessment and asked her if she would agree to be part of this study. I noticed that many of the 
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movement patterns were much more natural than at the initial training three years earlier, although 

some passages still gave her cause for concern.  

At first I found difficulty in using the subject’s new name and noticed quite a lack of motivation. 

Although the PER improved during this period, the DER did not, and there was difficulty persuading 

her to adhere to the practice regime. After the assurance that her new name would be used, the subject 

agreed to practise only the retraining regime for two weeks and to abstain from playing other 

repertoire. This regime began with an hour of basic exercises as described in the methodology, before 

progressing onto specific repertoire segments.   

First the scales and test-repertoire were recorded and then the ten one-hour sessions began over a two-

week period. By the end of the two-week period there was marked improvement in all scales, exercises 

and repertoire segments.   

7.5 Outcome Measures Results 
7.5.1 DER 
The DER post-retraining was 4 (cf DER pre-retraining = 1) 

7.5.2 PER 
The PER post-retraining was 6 (cf PER pre-retraining = 1). 

7.5.3 Scales 
The following video clips show examples of the 

scales that were recorded pre- and post-retraining 

for Subject Two. Although the sound only was 

evaluated by the Blinded Listener, the effects of 

dystonia are visually much more obvious pre- than 

post- retraining. 

Video 7.1 E flat scale ♩=144 pre-retraining 
dystonic hand 
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Video 7.2 E flat scale ♩=144 post-retraining  Video 7.3 E flat scale ♩=160 post-retraining 

Prior to retraining the maximum speed attained for the scales in the dystonic hand was ♩=144 but post-

retraining it was possible to play the scales at ♩=168 and still maintain even tone and rhythm. 

The mean SQE scores are presented in Table 7.3. 

Table 7.3 Mean SQE scores for Subject Two 

Tempo 

Nondystonic hand   Dystonic hand 

Pre-retraining Post-retraining Pre-retraining Post-retraining 

♩=120 3.7 4 1.5 3.7 

♩=132 2.8 4 2 3.8 

♩=144 3.5 3.5 2 4 

♩=160 Not attempted 3.8 Not attempted 3.5 

♩=168 Not attempted 4 Not attempted 4 

The data from the BL’s rating as to whether a scale was played with a dystonic versus a nondystonic 

hand are presented in Table 7.4 for both pre-retraining and post-retraining, for different tempi. 

Table 7.4 Percent correct responses for identification of whether a playing hand is dystonic or 
nondystonic (DHIE) 

Nondystonic hand  Dystonic hand 

Tempo Pre-retraining Post-retraining Pre-retraining Post-retraining 

♩=120 100% 100% 100% 0% 

♩=132 75% 75% 100% 0% 
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♩=144 75% 75% 100% 0% 

♩=160 Not attempted 75% Not attempted 50% 

♩=168 Not attempted 100% Not attempted 0% 

7.5.4 Test-Repertoire 
Test-Repertoire segments chosen were: 

Beethoven Sonata Op. 31, No. 2, first movement 

Chopin Ballade No. 3 Op. 47 

Scarlatti Sonata in D minor K. 141 

The Beethoven sonata passage presented problems 

because of the fast descending slurs. Subject Two 

was able to execute these only if she allowed D3 

and D4 to curl under the hand as can be seen Video 

7.4. 

Video 7.4 Beethoven showing curled fingers 

When instructed to leave her fingers open she was 

unable to play without unwanted extra notes 

sounding. 

Video 7.5 Beethoven showing the effect of 
opening the fingers 
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Two weeks later she was able to play with minimal 

difference from her previous level. 

Video 7.6 Beethoven post-retraining 

Likewise, the Chopin Ballade demonstrated some 

blockage and unevenness prior to retraining. 

Video 7.7 Chopin Ballade pre-retraining 

One useful technique was chunking groups of notes 

together. 

Video 7.8 Chopin Ballade with chunking 
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Following two weeks of retraining, the excerpt was 

recorded showing minimal difference from her 

previous level. 

Video 7.9 Chopin Ballade post-retraining 

When playing the repeated notes in the Scarlatti 

Sonata in D minor the subject had to curl her 

fingers under the hand in order to execute the 

repeated notes. 

Video 7.10 Scarlatti Sonata pre-retraining 

Even from above the hand appears cramped. 

Video 7.11 Scarlatti pre-retraining from 
above 
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Post-retraining, although full tempo was not 

achieved, the hand appears much more relaxed, and 

with a longer time frame the subject would have 

likely gained confidence and been able to return to 

her former tempo. 

Video 7.12 Scarlatti Sonata post-retraining 

The TRE and the VER scores pre- and post-retraining are presented in Table 7.5 and Table 7.6 

respectively. 

Table 7.5 TRE scores pre- and post-retraining 

Repertoire Pre-retraining Post-retraining 

Beethoven 1.7 3.3 

Chopin 2.1 3.4 

Scarlatti 2.5 3 

Table 7.6 VER scores pre- and post-retraining 

Repertoire Pre-retraining Post-retraining 

Beethoven 3.5 3.8 

Chopin 2.6 3.9 

Scarlatti 2.9 2.5 

The Blinded Listener evaluated the pre- and post-retraining test-repertoire clips (sound only) and 

compared with the subject’s former level of playing (PLE). The PLE scores pre- and post-retraining are 

presented in Table 7.7. 

Table 7.7 PLE scores pre- and post-retraining 

Repertoire Pre-retraining Post-retraining 

Beethoven 1 4 

Chopin 1 4 

Scarlatti 1.5 4 

131 






In summary, the initial period of training was instrumental in enabling Subject Two to complete her 

performance degree. The two-week period of ten sessions of retraining undertaken for this study 

improved the dystonia so that there were improvements in SQE, TRE and VER. After two weeks of ten 

sessions it was possible to record the TR with minimal difference to her former level of performance. 
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CHAPTER EIGHT  
PHASE ONE 

CASE STUDY: SUBJECT THREE 

8.1 History 
Subject Three was a 23-year-old RH-dominant male pianist who was studying for a doctoral degree at 

an American university and playing at professional concert level. 

He had played the piano for 16 years and was practising an average of four hours daily prior to the 

onset of focal dystonia, which had begun eight months before participation in this study. The onset was 

sudden after a one-month break when he was studying for a written exam. On return to playing the 

problem was immediate, following an increase of activity to three hours’ practice. There was no 

specific piece of repertoire thought to have triggered the onset, nor any particular stress, except that the 

pianist acknowledged that being at music school 

was stressful. There were no previous injuries, but 

playing had never been entirely pain-free. His left 

hand (LH) was affected by focal dystonia, 

particularly D2, which had the tendency to play 

further into the piano and to ‘get stuck’. Particular 

problems were noticed in ascending scales, when 

D2 had the tendency to curl and developed a ‘mind 

of its own’. This also caused blockages in the scale. 

Video 8.1 Scale with blockage 

Despite his symptoms being relatively mild, the subject felt very restricted by the problem and felt his 

playing was a long way from his former level. The subject had consulted a neurologist, who had 

diagnosed focal dystonia and had given him a plastic ring for the dystonic finger, which had made 

movement somewhat easier. 

His history is summarised in Table 5.1.  

8.2 Subjective Assessment 
His Previous Level of Performance Evaluation (PPE) was 5 (can play as a professional soloist). 
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His Dystonia Evaluation Rating (DER) prior to commencement of retraining was 2 (dystonia was 

slightly improved). 

His Pianistic Evaluation Rating (PER) prior to commencement of retraining was 2 (can play with some 

fluency but without satisfactory rhythmic control). 

8.3 Initial Objective Assessment 
His initial Scale-Quality Evaluation (SQE) rating was 3 (scale very rhythmically accurate but not quite 

even in tone). 

His initial Test-Repertoire Evaluation (TRE) was 2 (rhythmically inaccurate). 

His initial Visual Evaluation Rating (VER) was 3 (extreme ulnar deviation). 

8.4 Outcome Measures Results 
Because Subject Three lived in the United States of America, I was only able to see him for the initial 

two-week period without follow-up. His symptoms were less severe, and although his self-assessed 

DER was 2 he was still able to play at concert tempo but with unreliable accuracy because of the 

dystonia.  

In the following video clip my understanding of his problems are discussed with the subject. 

Video 8.2 Dystonia discussion 
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His hand displayed extreme ulnar deviation as 

shown by the markers in the playing of a 

diminished-seventh, and the fingers appeared stiff 

and cramped.  

Video 8.3 Diminished-seventh with markers 

D3 did not work well from the MCP joint and the thumb did not release after playing. He had little 

concept of lateral movement of the wrist, meaning that the thumb remained over the white keys at all 

times when playing, resulting in marked ulnar deviation.  

8.4.1 DER 
The DER post-retraining was 3 (cf DER pre-retraining was 2). 

8.4.2 PER 
The PER post-retraining was 4 (cf PER pre-retraining was 2). 

8.4.3 Scales 
Left-hand scales, particularly E major, caused problems for Subject Three, and the dystonic cramping 

of D2 and the compensatory finger D1 can be seen in the following video clips.  

Video 8.4 E major Video 8.5 E major with markers 
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In addition to the exercises described in the 

methodology, this chromatic exercise was 

beneficial in order to separate D1 and D2 (the 

dystonic finger), keeping the shape of a ring 

between the finger and thumb to establish MCP 

support. 

Video 8.6 Chromatic exercise with D1 and D2 

When the two-finger chromatic scale was 

accomplished, the same principle was applied to the 

chromatic scale involving D1, D2 and D3. 

Video 8.7 Chromatic scale 

The opening of the hand seen from above in Brahms Exercise No. 7 shows how the active releasing 

prevented any dystonic cramping.  

Video 8.8 Brahms Exercise No.7 ascending       Video 8.9 Brahms Exercise No.7  descending 
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The SQE scores for the dystonic left hand are presented in Table 8.1. 

Table 8.1 Mean SQE score for Subject Three 

Nondystonic hand  Dystonic hand 

Tempo Pre-retraining Post-retraining Pre-retraining Post-retraining 

♩=88 3.25 4 2.33 3.75 

♩=120 2.75 3.33 2 3.5 

♩=132 3.25 4 3.25 3.5 

♩=138 3.67 4 3.17 3.63 

♩=144 3.75 3 3.88 3.5 

♩=152 3 4 2.33 3.75 

The data from the BL’s rating as to whether a scale was played with a dystonic versus a nondystonic 

hand are presented in Table 8.2 for both pre-retraining and post-retraining, for different tempi. 

Table 8.2 Percent correct responses for identification of whether a playing hand was dystonic or 
nondystonic 

Nondystonic hand  Dystonic hand 

Tempo Pre-retraining Post-retraining Pre-retraining Post-retraining 

♩=88 75% 100% 75% 25% 

♩=120 50% 100% 75% 25% 

♩=132 50% 100% 50% 25% 

♩=138 100% 100% 100% 25% 

♩=144 100% 100% 25% 25% 

♩=152 50% 100% 75% 50% 

Although these clips were not evaluated visually, the tension in the hand when playing D2 is apparent 

(Video 8.10), and the more relaxed appearance in the post-retraining clip shows the effect of the 

retraining (Video 8.11). 
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Video 8.10 E major scale ♩=120 pre-retraining  Video 8.11 E major scale ♩=120 post-retraining 

8.4.4 Test Repertoire 
Test Repertoire segments chosen were from: 

Beethoven Sonata in A Op. 101 

Beethoven Sonata in F minor Op. 57 (Appassionata) 

Chopin Étude Op.10 No.12 (Revolutionary) 

Chopin Fantasie in F minor 

The retraining necessitated analysing these passages 

at a slower tempo, and although I felt that 

significant improvement in hand relaxation was 

achieved, this was not as apparent to the BL. 

The LH passage from Beethoven Op. 101 was first 

recorded, showing extreme ulnar deviation and a 

stiff appearance of the hand.  

Video 8.12 Beethoven Op. 101 pre-retraining  
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Post-retraining, although the former tempo was not 

regained, and the RH still showed extreme ulnar 

deviation, the LH appeared freer and there was less 

ulnar deviation. 

Video 8.13 Beethoven Op. 101 post-retraining 

The change in the way the hand was able to move at 

the end of the two-week period is apparent in the 

following video clips. 

In this pre-retraining clip of the Chopin 

‘Revolutionary’ Étude, the LH appears extremely 

tense. The cramping of D2 is visible in the 

unnaturally prominent MCP joint, which caused the 

finger to straighten and be difficult to lift. 

Video 8.14 Revolutionary étude pre-retraining 

The following clip shows the method of practice on 

this étude, training the hand to move in and out of 

the keys and to turn and take the weight on the 

dystonic finger (D2). 

Video 8.15 Revolutionary étude practice 
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From the side view the release of the thumb and less 

unnatural protrusion of the MCP of D2 is also 

apparent. 

Post-retraining, although at a slower tempo than the 

initial clip, the hand appears to move with greater 

ease. The cramping of D2 at the MCP joint, clearly 

visible in Video 8.14 has markedly improved, and 

the finger is able to play with a more natural curve. 

Video 8.17 Revolutionary étude post-
retraining 

Table 8.3 TRE scores pre- and post-retraining 

Repertoire Pre-retraining Post-retraining 

Beethoven 101 3 2.75 

Appassionata 4 2.63 

Revolutionary 2.63 3.17 

Fantasie 3 3 

Table 8.4 VER scores pre- and post-retraining 

Repertoire Pre-retraining Post-retraining 

Beethoven 101 3.25 3.33 

Appassionata 3.5 3.63 

Revolutionary 3.13 3.75 

Fantasie 3 3.5 
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In two weeks it was not possible to bring the TR to full performance tempo and hence the comparisons 

from the BL were less conclusive, but the SQE showed improvement after retraining. The PLE scores 

were not discussed because the two-week time frame proved to be to short a time for this subject to 

regain his former tempi. 

However, twelve months later I heard that Subject Three had given a recital in America. Subsequently 

the subject returned to New Zealand briefly and I was able to see him on one occasion.  Although many 

of the changes made during the previous year had become established in the technique, I felt that more 

correction would be necessary for the subject to be completely free of problems. Some years later, after 

a period of time when he did not play while completing an academic degree, this subject was able to 

retrain himself and return to concert playing. 
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