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ABSTRACT 
 
 

 The purpose of this treatise is to use surface electromyography (sEMG) in a 

study with human subjects to compare techniques found in Aldo Pais’ La Tecnica del 

Violoncello. Statistical research regarding the following exercises found in La Tecnica is 

provided: compressing the hand (avvicinamenti), enlarged extensions (allargamenti), 

finger independence, and repetitive motions. Data is recorded from the left extensor 

digitorum and abductor digiti minimi using sEMG, and each subject’s data is compared to 

one another, in order to reveal these common trends and outliers. Wearing biosensors, 

six anonymous participants performed two control exercises and four modified 

versions of Pais’ exercises that each exhibit a specific technique. Participants also 

completed a short survey at the conclusion of their session, regarding education level 

and their experience practicing the examples.  

There was no correlation between education level and sEMG results. Lowered 

sEMG results result in improved musical performance, and female participants 

produced lower microvolt ratings than males in every category. Despite their absence in 

standard cello pedagogy, avvicinamenti and allargamenti produced significantly lower 

sEMG results than the exercises of finger independence and repetitive motions. This is 

an important finding because it removes any assumption that Pais’ techniques should 

be shunned on the basis that they produce an excess of tension. Including these 

techniques in standard cello pedagogy would expand upon the fingering possibilities 

available to cellists in numerous musical contexts. 
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CHAPTER 1 
 

INTRODUCTION 
 

 
 In twenty-first-century cello pedagogy, teachers advocate for effective and 

sustainable techniques that minimize tension. In this treatise, surface electromyography 

(sEMG) is used as a tool to analyze the rate of tension generated by four unconventional 

techniques found in Aldo Pais’ La Tecnica del Violoncello (Mano Sinistra), which was first 

published in 1943. In order to explain the reason as to why some techniques from La 

Tecnica are scarcely taught in twenty-first-century cello pedagogy, it is important to 

understand what defines conventional, traditional technique with regard to current 

trends and innovations. Evidence from the sEMG data gathering sessions using human 

subjects may indicate that Pais’ techniques, while disregarded and non-traditional, can 

be useful and sustainable when thoughtfully utilized. Knowing a brief history of how 

left-hand cello technique has developed over time will help reinforce why some 

techniques have remained while others are disregarded and is crucial in understanding 

the nature of this study.  

 
1.1 The History of Extensions, Contractions, and Relevant Techniques 

 
There is a stark contrast between the school of techniques promoted by today’s 

leading cello pedagogues and the techniques being examined in Aldo Pais’ La Tecnica 

del Violoncello. Twenty-first-century cello pedagogy tends to advocate for the use of 

ergonomic techniques, which allow freedom and control over the quality of the music. 

Here, an individual's anatomy is considered, and instructors focus on how each 
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individual can achieve their physical potential in relation to various techniques. This 

strategy continues to modernize the conventions of cello technique and helps to avoid 

the development of habits that may not be healthy for everyone’s physiology. 

Awareness of motions natural to human anatomy promotes equal distribution of 

muscular effort, reduces fatigue, and increases endurance. In addition to body 

awareness, twenty-first-century pedagogy also adheres to many older, traditional 

techniques.  

One of the most significant innovations from the past that has had a lasting 

influence on today’s cello pedagogy comes from the late eighteenth century. It has 

become generally accepted that fingers in the default hand position are one half step 

apart, excluding extensions and thumb position; extensions in the neck positions only 

occur between the first and second fingers.1  

 Michel Corrette documents this chromatic organization of the fingers, but 

expressly discourages the practice in favor of the diatonic fingering used by violinists.2 

Published in 1741, Corrette’s Méthode pour apprendre le violoncelle, Op. 24 is the earliest 

treatise written about cello technique. Corrette penned his Méthode to make learning the 

cello more accessible to musicians who already knew how to play either the viola da 

gamba or the violin. His diatonic fingering suggestions are similar to that of violinists, 

in that creating a whole step between the second and third fingers in low neck positions 

                                                
1 Valerie Walden, One Hundred Years Of Violoncello: A History of Technique and Performance Practice, 

1740–1840 (Cambridge: Cambridge University Press, 1998), 116. 
2 Michel Corrette, Méthode Théorique Et Pratique: Pour Apprendre En Peu De Tems Le Violoncelle Dans 

Sa Perfection: Ensemble, Des Principes De Musique Avec Des Lecons a I, Et II, Violoncelles: La Divisionde La 
Corde Pour Placer Sil on Veut Dans Les Violeoncelle plus Une Petite Methode Particuliere Pour Ceux Qui Joüent 
De La Viole, Et Qui Veullent Joüer Du Violoncelle (Paris: Chez Lauteur, 1741), 42. 
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on the cello is standard. For example, the finger pattern for the notes D-sharp, E, and F-

sharp on the A-string would be 1-2-3. Corrette also thought it would be less confusing 

for violinists if the third finger were excluded from use in first and second position on 

the cello. On the A-string, playing C-sharp with the second finger followed by D with 

the fourth finger causes a momentary compression of the hand.3 4 Two students of 

Corrette, Salvatore Lanzetti and Johann Baugartner, published their own treatises in c. 

1756–67 and 1774 that abandon Corrette’s fingerings in first and second positions; they 

include the third finger in a consecutive pattern where each finger is one half step apart. 

However, all three pedagogues still avoided using the fourth finger beyond third 

position. Without fully utilizing the fourth finger as we do in the twenty-first century, 

cellists at the turn of the nineteenth-century commonly created a whole step between 

the second and third fingers in all neck positions (occasionally creating a whole step 

between the third and fourth fingers).  

Almost two hundred years later, Aldo Pais devoted an entire chapter of La 

Tecnica to this same technique. Pais titles the section “Allargamenti” from the Italian verb 

allargare, which means to widen or enlarge. Extensions of this nature were an ordinary 

practice at the turn of the nineteenth century until Martin Berteau founded the French 

school of cello playing. Students of Berteau first documented the currently utilized 

tradition for using extensions: Extensions occurring between the first and second finger 

                                                
3 Wilhelm Joseph von Wasielewski, The Violoncello And Its History (New York: Da Capo Press, 

1968), 57. 
4 Michel Corrette, Méthode Théorique Et Pratique: Pour Apprendre En Peu De Tems Le Violoncelle Dans 

Sa Perfection: Ensemble, Des Principes De Musique Avec Des Lecons a I, Et II, Violoncelles: La Divisionde La 
Corde Pour Placer Sil on Veut Dans Les Violeoncelle plus Une Petite Methode Particuliere Pour Ceux Qui Joüent 
De La Viole, Et Qui Veullent Joüer Du Violoncelle (Paris: Chez Lauteur, 1741), 27–28. 
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allow the formation of major and minor patterns in first through fourth position.5 

Pertinent to this treatise, both enlarged extensions and compressions of the hand are 

techniques made available for practice in Aldo Pais’ La Tecnica and will be elaborated 

upon later in this treatise. 

Jean-Pierre Duport, continuing Berteau’s method, established the foundations for 

cello playing in his Essay on Fingering the Violoncello, and on the Conduct of the Bow of 

1852. Duport’s finger patterns have remained standard since their inception.6 Unlike 

others who might have maintained an extension for diatonic integrity, Duport only 

employed extensions where necessary. He justified his decision to confine extensions as 

only occurring between the first and second finger in neck positions in his chapter, 

“Explanation of the distance at which the fingers should be placed from each other, in 

the first four positions; and the proof of the unity of these positions, by comparing the 

second, third, and fourth, with the first, in all its relations.” Lengthy as the title is, its 

concepts are clear. For most cellists, the fourth finger is weaker and shorter than the 

other fingers, and this is why creating a whole step between the third and fourth fingers 

is ill advised.  

Duport also stated that Berteau believed the fourth finger relied on the third 

finger for a portion of its strength. The wisdom found in Duport’s treatise can be 

attributed to his older brother who studied with Berteau. Unfortunately, Berteau did 

not write down any of his original techniques, and—according to Duport—other 

                                                
5 Valerie Walden, One Hundred Years Of Violoncello: A History of Technique and Performance Practice, 

1740–1840 (Cambridge: Cambridge University Press, 1998), 116. 
6Ibid., 113–114. 
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documents made by students of Berteau are not sufficiently comprehensive on the topic 

of cello fingering.7 Throughout Duport’s treatise, he continuously stressed that his 

concepts follow the natural tendencies of the hand. Codifying cello technique on the 

basis of hand ergonomics is the reason why Duport’s techniques have remained 

fundamental in the twenty-first-century modern practice.  

Utilizing medical knowledge available now, it is likely that Duport’s extension 

techniques support hand anatomy. The first finger is connected by an intersecting 

tendon to one other finger, the second finger, whereas the second and third fingers are 

connected to other fingers on both sides. This tendon configuration frees the first and 

fourth fingers to have an increased range of motion, although Duport does not advise 

extending between the third and fourth fingers. The flexor tendon corresponding to the 

first finger releases from the common sheath closer to the carpal tunnel than the other 

fingers, which may allow for a greater range of motion. Evidence of a direct correlation 

between hand anatomy and the effectiveness of any cello technique requires more 

evaluation as there are many successful cellists who do not concern themselves with 

ergonomic technique. Even so, there are instances where a case can be made for 

extending between the second through fourth fingers. Aldo Pais provides exercises for 

hand compressions that conceal shifts, and his sequential arpeggiations sometimes 

create an interval larger than a whole step between the second and fourth fingers in 

order to maintain the smoothness of a pattern.  

 Though an organized tradition for left-hand technique was established when 

                                                
7 Jean Louis Duport, John Bishop, trans., Essay on Fingering the Violoncello, and on the Conduct of the 

Bow (London: Messrs. R. Cocks & Co., n.d., ca. 1852), 146. 
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Duport published his essay, twentieth-century educators gave way to a period of 

experimentation. Pablo Casals was taught to play the cello while holding a book under 

his left arm to increase the range of motion in his forearm, and Carlo Alfredo Piatti only 

used his left wrist to cross the string.8 Keeping as many fingers down on the string as 

possible at all times was still commonly advised during the twentieth-century.  

In 1922, Diran Alexanian released a new treatise that encompassed some of these 

new facets of cello playing that were typical to this era of cello pedagogy. His Theoretical 

and Practical Treatise of the Violoncello contains prose explanations alongside technical 

exercises, and the techniques examined are very similar to Aldo Pais’ La Tecnica which 

was not published until 1943. Both books require techniques that are not commonly 

advised by today’s leading cello teachers. Repetitive exercises that require excessive 

finger independence, finger percussion (articulating the string with a sharp downward 

motion of a finger resulting in the corresponding pitch), left-hand pizzicato, and 

enlarged extensions (creating a whole step between the second-and-third or third-and-

fourth fingers) are all non-standard techniques drilled in both Alexanian and Pais’ 

volumes.  

Alexanian’s treatise was endorsed with a preface by Pablo Casals; because the 

work was translated beyond its original French text, the work became a popular 

pedagogy manual upon its release. It is difficult to ignore the similarities between the 

Alexanian treatise and Pais’ La Tecnica, especially since the latter was published two 

decades after Theoretical and Practical Treatise. Because the concepts reviewed in both 

                                                
8 Robin Stowell, ed., The Cambridge Companion To The Cello (Cambridge: Cambridge University 

Press, 1999), 198. 
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manuals from Alexanian and Pais are so similar, comparing them reveals La Tecnica’s 

unique usefulness. At 215 pages, Alexanian’s treatise does cover a broader, more 

thoroughly explained scope of cello playing; conventions of bowing, trajectories of the 

bow and left-hand fingers, and pictures of his idea of proper technique are all 

accompanied by lengthy descriptions.9  

La Tecnica (mano sinistra), as mentioned in the title, is a publication specific to the 

left hand. Unlike the Alexanian, Pais’ 160-page volume emphasizes notated exercises 

for practical application of its concepts with little prose explanation. While the 

commentary is sparse, the absence of meticulous specification on the execution of his 

exercises lends itself to students’ self-discovery. In the one-sentence introduction to 

“Allargamenti,” Pais encourages readers to decide which of his exercises can be achieved 

with minimal tension based on their hand’s potential to stretch: “Choose exercises of 

enlargements keeping in mind the possibilities of extension of one's hand and study 

those that can be performed without excessive effort; at the slightest sign of tiredness or 

stiffness, interrupt the study.”10 11  

Students with larger hands can achieve a greater distance between the first and 

fourth finger, and the late Gabriel Magyar (former professor of cello at the University of 

Illinois and member of the Hungarian String Quartet) is an example of one to fully 

utilize his very large hand. His fingers were said to each be a similar length. Magyar 

                                                
9 Diran Alexanian, Pablo Casals, and Frederick Fairbanks, trans. Theoretical and Practical Treatise of 

the Violoncello (Paris: A.Z. Mathot, 1922). 
10 Aldo Pais, La Tecnica del Violoncello (Mano Sinistra) (Milan: Ricordi, 1943), 43. 
11 Translated from the Italian text: ”Si scelgano gli esercizi sugli allargamenti tenendo presente le 

possibilità d'estensione della propria mano e si studino quelli eseguibili senza eccessivo sforzo; al minimo 
segno di stanchezza o di irrigidimento si interrompa lo studio.” 
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frequently employed enlarged extensions in the lower neck positions; his fingering for 

the C-major scale at the opening of Bach’s Cello Suite No. 3 can be seen in Figure 1.  

 
 

 
 
 
 

Figure 1. Gabriel Magyar’s fingering solution for Johann Sebastian Bach’s Prelude from 
Cello Suite No. 3 (mm. 1–3)12  

 

In Alexanian’s segment on enlarged extensions, he asserts that even those cellists 

with small hands can achieve all of his exercises: 

“This extension is capable of execution by a small hand, but will require an effort 
in the first attempts. As every hand that is supple is capable of being stretched by 
practice, the performer should not neglect to develop the ‘spread’ of his fingers 
from fear of ‘cramp’ [sic] or that his hand is not wide enough.”13 
 

To render the fingers more supple, he recommends an exercise practicing to stretch the 

fingers out as much as possible while holding them at their maximum range of motion 

for thirty seconds with every combination of half steps and whole steps.14 Alexanian 

does not fully describe the motions encompassing enlarged extensions but does coin 

them “temporary extensions” that should be used parsimoniously. The purpose for 

continued study of these exercises is to eventually be able to draw on an inexhaustible 

                                                
12 This information comes from personal interviews with Gabriel Magyar and two of his students: 

Paul Buyer and Kim Cook. 
13 Diran Alexanian, Pablo Casals, and Frederick Fairbanks, trans. Theoretical and Practical Treatise 

of the Violoncello (Paris: A.Z. Mathot, 1922), 57. 
14 Ibid., 23. 



9 

repertoire of hand configurations for improved facility.15 In particular, temporary 

extensions are useful for eliminating unnecessary portamento. 

 Another advantage of this use of extensions lies in one’s ability to avoid slides. 

Common to both volumes from Alexanian and Pais, a temporary compression of the 

hand enables an inaudible change of position. These compressions of the hand are 

achieved by forming an interval less than a whole step between non-consecutive 

fingers. The technique of drawing the hand together this way is frequently overlooked 

in today’s cello pedagogy. For how exhaustive his descriptions are regarding other 

techniques, Alexanian merely mentions one example for compressions of the hand with 

a short, five-sentence explanation. His example only exhibits a change of position by 

one half step (referred to as a chromatic reestablishment or rétablissement chromatique 

[rét. c.]) following the drawing together of the hand (le rapprochement [rappr.]) as seen in 

Figure 2. 

 
Figure 2. Diran Alexanian’s drawing together and chromatic reestablishment16 
 

In comparison, Pais’ section on compressions of the hand, titled “Avvicinamenti di 

dita,” like Alexanian’s, is also much shorter than his “Allargamenti” section. Ten 

exercises equip the possibility to cover great intervallic distances by compressing and 

                                                
15 Diran Alexanian, Pablo Casals, and Frederick Fairbanks, trans. Theoretical and Practical Treatise 

of the Violoncello (Paris: A.Z. Mathot, 1922), 158. 
16 Ibid., 54. 
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extending the hand rather than explicitly shifting. Pais advises that this technique be 

combined with extensions: “The technique of bringing the fingers close together that 

has the purpose of avoiding rapid shifting of the hand and unnecessary smears should 

be combined for its own purposes with the technique of extensions.”17 18 Where the 

Alexanian is quite a thorough treatise detailing the theory of cello playing, Pais’ La 

Tecnica, in its compactness, reveals a much more comprehensive array of practical 

applications for similar left-hand techniques. That it heavily emphasizes notated 

exercises in lieu of prose explanation makes La Tecnica more timeless compared to the 

Alexanian. This is because the lack of prose explanation leaves exercises up to the 

musician to execute with the most modernized technique.  

 La Tecnica never gained as much popularity as Alexanian’s treatise, but it would 

seem that the pervasive use of large stretches in addition to the wordiness of Theoretical 

and Practical Treatise led to its eventual reduction in prevalence.19 Both volumes are now 

used less frequently, but many twenty-first-century teachers still find other resources 

from the twentieth century relevant enough to impart to their own students. The 

exercises of Louis Feuillard and Bernhard Cossman are foundational teaching tools still 

used today. In her chapter of The Cambridge Companion to the Cello, “The development of 

cello teaching in the twentieth century,” pedagogue Caroline Bosanquet states the 

following:  

                                                
17 Aldo Pais, La Tecnica del Violoncello (Mano Sinistra) (Milan: Ricordi, 1943), 56. 
18 Translated from the Italian text: “La tecnica degli avvicinamenti delle dita che ha lo scopo di 

evitare sbalzi di mano e strisci inutili o dannosi va unita per le sue stesse finalità alla tecnica degli 
allargamenti.” 

19 Robin Stowell, ed., The Cambridge Companion To The Cello (Cambridge: Cambridge University 
Press, 1999), 201. 
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“The technical exercises from this period constitute the backbone of training 
material for classical tonal music, and are still widely used, with the danger that 
old ‘stiff’ patterns are perpetuated despite modern advances in technical 
knowledge.”20  
 
Enlarged extensions and compressions of the hand are not techniques taught in 

currently popular method books. Unless directly exposed to twentieth-century 

pedagogy, twenty-first-century cellists would only have the opportunity to learn about 

these techniques through social interaction. Much of the knowledge of cello playing is 

continued through the legacy of the most trusted teachers of our time. Many teachers 

neglect to address the widening and compressing of the hand because it seems to result 

in excess tension. There is little other than anecdotal evidence to prove that enlarged 

extensions and compressions of the hand are not ergonomic.  

The advancement of medical knowledge during the twenty-first century has 

resulted in the need for academic justification with regard to cello technique. In 

reference to the twenty-first century, cello professor and author Marjorie Enix agrees on 

the need to reevaluate cello technique in Rudolf Matz: Cellist Teacher, Composer:  

“Scientific advancements in the study of anatomy, physiology, musical acoustics 
and engineering had produced a wealth of new and relevant information of 
potential value in instrumental performance and teaching. But unlike 
pedagogical systems for violin and piano, which had begun to accommodate to 
these musical and scientific changes, that of the cello had undergone no 
comprehensive revision.”21 
 
Cellist and teacher Victor Sazer responds to this deficiency in cello pedagogy 

with his approach to cello technique in New Directions in Cello Playing. Here, various 

                                                
20Robin Stowell, ed., The Cambridge Companion To The Cello (Cambridge: Cambridge University 

Press, 1999), 198. 
21Ibid., 201. 
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musical circumstances are explored while considering anatomy and physics. With a 

preface written by Paul Katz, this book is regarded currently as the most well-

researched examination of cello playing. Stressing ergonomic body usage, Victor Sazer 

covers general body balance while playing the cello, the mechanism of bowing, and 

various left-hand techniques.  Some of the techniques described are considered non-

traditional, but the claims are backed by medical research. Enlarged extensions and 

compressions of the hand are not discussed, but Sazer does warn against the damaging 

effects of tense repetitive motions.22  

The idea of relieving unnecessary tension is ubiquitous to twenty-first century 

cello pedagogy. Rice University cello professor Brinton Averil Smith discusses the 

release of all but the necessary finger in every position (including extensions).23 

Excluding the double-stops necessary to execute examples with finger independence, 

one can implement Smith’s advice to achieve many seemingly non-ergonomic 

twentieth-century techniques with little tension. In an interview with Tim Janof for the 

Internet Cello Society, former cellist of the Emerson String Quartet, David Finckel 

attributes the efficiency of his education to La Tecnica:   

“The book was perfect because there was a streak in me that wanted to save time 
and be as efficient as possible. Pais doesn't waste time on fancy tunes and 
recapitulations, it's all about technique. Pais taught me so much about how to use 
my left hand that, from the age of 12 or 13, I was able to play pieces like the 
Schumann Concerto or Rococo Variations.24” 

                                                
22 Victor Sazer, New Directions in Cello Playing: How to Make Cello Playing Easier-- And Play Without 

Pain (Los Angeles, CA: Ofnote, 2003), 6. 
23 Brinton Averil Smith, “Common Themes.” American String Teacher 63, No. 1 (February 2013): 

38-40.  
24 Tim Janof, "Conversation with David Finckel," Internet Cello Society (blog), 2001, 

http://www.cello.org/ Newsletter/Articles/finckel.htm. 
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Underutilized exercises such as those found in La Tecnica become valuable for 

improving the potential of the left hand. These methods have been in use since the 

conception of cello pedagogy, and avoiding them without scientific explanation limits 

the scope of left-hand technique that is available to cellists.  

 
1.2 Aldo Pais and La Tecnica 

 
 In subsequent chapters, the rates of tension corresponding to four techniques 

from Aldo Pais’ La Tecnica will be compared; but first, the following sections will 

discuss La Tecnica and its author. There is little documentation that specifically provides 

information about Pais. A limited amount of information can be found through his 

student’s biographies and in Pais’ discography, from when he was the cellist in the 

highly acclaimed Quartetto Veneziano del Vittoriale.25 A very brief entry from the 

Italian dictionary Dizionario Enciclopedico Universale della Musica e Dei Musicisti 

documents that Pais was born in Chioggia, Italy in 1906. Pais studied with P. Montecchi 

at the Conservatory of Venice, where he graduated in 1926. After teaching at Cagliari 

High School from 1934–37, he became the professor of cello at the Venice Conservatory 

in 1938.26 The Venice Conservatory has since lengthened its name to the Benedetto 

Marcello Conservatory of Music in Venice as an homage to the Italian Baroque 

composer. Pais purchased a cello made by Matteo Goffriller, the “Count Marcello,”  

                                                
25 String Quartets From Italy (1933-1956), Fonoteca della Facoltà di Musicologia di Cremona, 2012, 

compact disc, Liner notes by Tully Potter. 
26 Alberto Basso, Dizionario Enciclopedico Universale Della Musica E Dei Musicisti, Vol. V (Torino: 

Unione Tipografico-Editrice Torinese Corso Raffaello, 1989), 513. 
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that had been passed down through many generations of the Benedetto Marcello 

family.27  

In addition to his performing and teaching career, there are several works 

published for the cello which have been edited by Pais (e.g. David Popper’s High School 

of Cello Playing, Op. 73 and the cello sonatas of Luigi Boccheini). Demonstrating a 

passion for the music of Luigi Boccherini, Pais initiated the opera omnia project in 1977. 

Pais edited, arranged, and transcribed at least 192 works composed by Boccherini to be 

catalogued for the opera omnia project.28 Published by Zanibon (a branch of Ricordi), 

L'edizione critica delle opere is the result of that project. Pais created original 

compositions, including seven technique-specific books and one solo piece, that are all 

published by Edizioni Curci. They are still in circulation today.  

Written during his time as a professor in Venice, La Tecnica del Violoncello (mano 

sinistra) remains the most celebrated and accessible of his publications. His letters, 

which were sent to the Casa Ricordi publishing company and made available by the 

Archivio Storico Ricordi Collezione Digitale, show that Pais was very particular about the 

organization of his technique book. Always seeking to improve his work, Pais 

requested revisions for La Tecnica as late as December 1946 (three years after the work 

had originally been published).29 Pais requested the revision of La Tecnica on three 

separate occasions, and there are six letters—each with increasing humility and 

                                                
27 Nicholas Anderson, "Nicholas Anderson's Cello," Nicholas Anderson Discography, 1999, 

accessed September 14, 2018, https://web.archive.org/web/20051217221935/http://nicholas-anderson 
.com/gof.html. 

28 Jamie Tortella, Luigi Boccherini: Dictionary of Persons, Places, and Terms (UCLA: Department of 
Musicology, 2010), https://escholarship.org/uc/item/1p00w6bd, 297. 

29 Aldo Pais, Collezione Digitale, Archivio Storico Ricordi © Ricordi & C. S.r.l. Milano, 2018, 
https://www.digitalarchivioricordi.com/en/letter/display/LLET020347. 
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fervency—in which Pais inquires about Ricordi’s progress within an eight-month 

period leading up to its final 1943 release.30 By September 1946, La Tecnica had 

completely sold out in bookstores; vendors could not reorder a new supply until 

Ricordi had the book reprinted. There seemed to be an unknown issue with reprinting, 

as Pais suggested that all Ricordi warehouse copies of La Tecnica, its printing materials, 

and manuscripts had been destroyed. In the same letter, he expressed the importance of 

producing an English version of La Tecnica:  

“...English [speaking] cellists have convinced me of the need to make an edition 
with English text. In the book the text is very important and is absolutely 
necessary for the understanding of the work; the only edition in Italian would 
reduce its diffusion to purely local and you more than any other can understand 
the disadvantage and the damage this would entail.31”  
 

Pais goes on to state that there are no other works comparable to La Tecnica in America 

and England; he also reinforced that all of his English students had assured him of the 

importance and potential for success of having La Tecnica translated.32  

Allowing a year to pass before revisiting the matter with Ricordi once more, Pais 

reinforced the importance of making an English translation and provided insight about 

the project’s delay in his letter from October 9, 1947. From that letter, it is evident that 

the London and New York (spelled “New-Jork”) branches of Ricordi were suffering 

                                                
30 Aldo Pais, Collezione Digitale, Archivio Storico Ricordi © Ricordi & C. S.r.l. Milano, 2018, 

https://www.digitalarchivioricordi.com/en/collection/lettere?sender=Aldo+Pais. 
31 Translated from the Italian text: “violoncellisti inglesi mi ha convinto della necessità di eurarne 

un’edizione con testo inglese. Nel libro in testo è molto importante e assolutamente necessario per la 
comprensione dell’opera; la sola edizione in italiano ne ridurrebbe la diffusione a puramente locale e Voi 
più qualsiasi altro potete comprendere lo svantaggio e il danno che ciò comporterebbe.” 

32 Aldo Pais, Collezione Digitale, Archivio Storico Ricordi © Ricordi & C. S.r.l. Milano, 2018, 
https://www.digitalarchivioricordi.com/en/letter/display/LLET020341. 
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from some kind of siege that prevented an English translation for La Tecnica.33 Pais 

never saw an English manifestation of his work realized, and such an edition has not 

been created as of yet. La Tecnica is currently printed and distributed solely in Italian by 

Ricordi through Hal Leonard Publishing. 

  
1.3 Electromyography (EMG) and Anatomy 

 
 In order to clarify the methodology discussed in later chapters, it becomes 

necessary to briefly introduce the process of electromyographic (EMG) data gathering. 

Electromyography includes any dealings with the measuring of muscle activation by 

means of an electrical current. There are two types of EMG: intramuscular and surface. 

Intramuscular EMG requires a needle, but surface EMG (sEMG) uses electrodes in a 

biosensor to detect muscle activity from the skin’s surface. When paired with an audio 

or visual indicator, EMG can be used in biofeedback sessions to help clients control 

their degree of muscle tension. 

For this study, sEMG data will be gathered using the wireless FlexrGO! system 

by Healer Tech. The starter package comes with two biosensors and a bag of fifty 

disposable gel electrode adapters. The adhesive adapters have three pre-gelled 

electrodes that snap onto each biosensor. Two electrodes conduct a current that 

measures muscle tension in microvolts (µV), and the third one is a ground electrode 

that serves as a zero-voltage reference for each sensor. These sensors communicate with 

                                                
33 Aldo Pais, Collezione Digitale, Archivio Storico Ricordi © Ricordi & C. S.r.l. Milano, 2018, 

https://www.digitalarchivioricordi.com/en/letter/display/LLET020353. 
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any Bluetooth-enabled device running an Android or iPhone operating system for live 

visual feedback and microvolt data recording.  

Surface EMG biosensors can be attached anywhere there is good skin contact 

over the desired muscle of study. However, many muscles involved with cello playing 

lie too deep within the forearm to individually measure without iEMG. The flexor 

digitorum profundus (FDP) is one such muscle; it flexes the wrist and first four fingertips. 

The FDP must remain engaged in string playing, and left-hand fingers cannot bring 

strings to the fingerboard when this muscle is relaxed. Because the FDP lies deep within 

the anterior forearm, other muscles that are closer to the skin’s surface reduce sEMG 

viability.  

There is, however, another more easily accessible option for measuring tension in 

string players. The extensor digitorum is a superficial muscle in the arm’s posterior 

(Figure 3). This muscle is responsible for lifting the wrist and fingers. The extensor 

digitorum is easily located by first flattening the wrist and fingers, and then wiggling the 

fingers. Muscle contractions are visible from the skin’s surface; the belly (largest 

portion) of the extensor digitorum is close to the elbow. While holding the left extensor 

(with the right hand passing underneath) as an exercise, one can compare the difference 

between squeezing between the thumb and first three fingers and relaxing the thumb 

while flexing the wrist and fingers into a fist. The first action in this example contracts 

the extensor digitorum muscle via thumb flexion, and the latter utilizes the flexor 

digitorum profundus. It should be noted that definition of the extensor digitorum muscle 
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varies between individuals; the muscle was not immediately discernable in two of the 

six participants from this study of Pais’ techniques.  

 

 
Figure 3. Muscles in the superficial layer of the posterior forearm34 

 

The extensor digitorum and the flexor digitorum profundus are an antagonistic pair; 

they control opposing actions similar to the biceps and triceps (this is muscle 

opposition). Researchers from Montana State University tested both of these opposing 

muscles in a series of biofeedback sessions with string players for the purpose of 

reducing extensor tension. Their results did not show any EMG generalization between 

flexors and extensors, but proved that extensor tension can be reduced with EMG 

                                                
34 “The muscles in the superficial layer of the posterior forearm,” TeachMeSeries Ltd, 2019, 

https://teachmeanatomy.info/upper-limb/muscles/posterior-forearm/. 
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biofeedback.35 According to a research study conducted in 2008 titled, “Simultaneous 

EEG and EMG biofeedback for peak performance in musicians,” there is a direct 

relationship between EMG and EEG (electroencephalogram, the measuring of electrical 

activity in the brain), and music performance. Technique, intonation, rhythm, 

musicality, sound quality, and creativity are all improved in violin playing after 

lowering EMG through biofeedback training.36 

While tension in the left extensor digitorum can be significantly reduced with 

biofeedback for general musical improvement, there is no definitive congruence 

between that muscle and the FDP. Even so, the downward action of the fingers to the 

string results in activation of the extensor digitorum, which would explain why there is a 

much higher extensor EMG reading surrounding the use of the first and second fingers. 

For clarity, flexor muscles are primarily responsible for the downward action of fingers 

in string playing (not extensors). Activation of the left extensor digitorum in the scenario 

of holding fingers down on the fingerboard can be the result of muscle opposition or 

synergistic muscle support.  

Synergistic muscles are auxiliary muscles that activate in support of a primary 

muscle to allow for fine motor control.37 The synergistic muscles to the extensor 

digitorum involve supination, pronation, abduction and extension of the thumb, and 

                                                
35 Robert L. Morasky, C. Reynolds, and G. Clarke, “Using Biofeedback to Reduce Left Arm 

Extensor EMG of String Players During Musical Performance,” Biofeedback and Self-Regulation 6, no. 4 
(Dec. 1981) 6: 565–572. 

36 Silvana Markovska-Simoska, Nada Pop-Jordanova, and Dejan Georgiev, “Simultaneous EEG 
and EMG biofeedback for peak performance in musicians,” Prilozi 29, No. 1 (2008): 239-52. 

37 Lindsay M. Biga et al., "Anatomy & Physiology," 11.1 Describe the Roles of Agonists, 
Antagonists and Synergists | Anatomy & Physiology, accessed February 23, 2019, 
http://library.open.oregonstate.edu/aandp/chapter/11-1-describe-the-roles-of-agonists-antagonists-
and-synergists/. 
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specific extensions of the wrist and individual fingers. In anatomy, abduction is the 

action of moving a structure out and away from a middle line, whereas adduction is the 

action of bringing structures together. The antagonist muscles that can oppose the 

extensor digitorum control actions such as pronating the forearm and flexing the wrist, 

fingers, and thumb.38  

Although there was no evidence of a congruence between the extensor digitorum 

and the FDP in the Montana State University experiment, activity in other muscles 

synergist or antagonist to the extensor digitorum (with regard to string playing) has not 

been studied. Dating back to Duport’s treatise, the left thumb remains below the first or 

second finger in cello pedagogy. Being antagonist to the extensor digitorum, squeezing 

with the thumb below the neck creates thumb opposition via the flexor pollicis longus. 

Unique to humans, the flexor pollicis longus muscle is located deep within the anterior 

forearm which enables flexion of the thumb. Electromyographic research investigating 

the relationship between the flexor pollicis longus and the extensor digitorum in string 

playing has not yet been documented; however, the relationship between these two 

muscles is undeniable. 

There have been many studies which examine electromyographic muscle tension 

in string playing, but most focus on the lumbar, upper arm, and trapezius muscles (e.g. 

Fjellman-Wiklund, Grip, Karlsson, and Sundelin, 2004; Berque and Gray, 2002; Wales, 

2007; Press and Levy, 1992; Afsharipour, Petracca, Gasparini, and Merletti, 2016).39 

                                                
38 American Academy of Manual Medicine, "Extensor Digitorum," Extensor Digitorum, accessed 

February 23, 2019, http://www.webmanmed.com/disorders/disorders_files/musclgd/pstfarm 
/12342210.html. 

39 Each of these resources can be found in the in the References section that begins on page 68. 



21 

Several of these aforementioned studies are listed in the references section of an article 

published in 2017, “Analysis of High Density Surface EMG and finger pressure in the 

left forearm of violin players,” which revealed that some individuals have more left 

flexor activity (and thus more pressure on the string) when increasing sound volume.40  

James Kjelland’s dissertation from 1985, The Effects of Electromyographic 

Biofeedback Training on Violoncello Performance: Tone Quality and Muscle Tension, focuses 

on the relationship between biofeedback data from the upper right trapezius and tone 

quality. Four men and three women participated in his study. Although his data for 

each subject would seem to suggest otherwise (listed in the dissertation appendix), 

Kjelland dismisses any differences in EMG between sexes as “minor,” quoting an early 

work by Dr. John V. Basmajian.41 The American Association of Clinical Anatomists hail 

Dr. Basmajian as “the father of EMG biofeedback training.”42 Kjelland does, however, 

confirm that electromyography reliably reflects muscle effort while playing the cello.43 

While Kjelland assessed EMG results from the right trapezius, this study of left-

hand techniques from Aldo Pais’ La Tecnica examines data collected from participants’ 

left extensor digitorum. Located with the technique described above, data from this 

muscle indicates both thumb opposition as well as tension involved in lifting fingers 

away from the fingerboard. EMG readings of the extensor digitorum are strongest when 

                                                
40 P. Cattarello, R. Merletti, and F. Petracca, “Analysis of High Density Surface EMG and finger 

pressure in the left forearm of violin players,” Problems of Performing Artists (September 2017). 
41 James Martin Kjelland, “The Effects of Electromyographic Biofeedback Training on Violoncello 

Performance: Tone Quality and Muscle Tension” (PhD diss., University of Texas at Austin, 1985), 72. 
42 American Association of Clinical Anatomists, "John Basmajian, Ph.D. Honored Member 2004," 

accessed March 24, 2019, https://clinical-anatomy.org/content.php?page=John_Basmajian__Ph.D. 
43 James Martin Kjelland, “The Effects of Electromyographic Biofeedback Training on Violoncello 

Performance: Tone Quality and Muscle Tension” (PhD diss., University of Texas at Austin, 1985), 101. 
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the second finger is in use, followed in decreasing order by the first finger, the third 

finger, and finally the fourth finger. Being that EMG readings from the extensor 

digitorum dissipate when approaching the fourth finger (and given the nature of Pais’ 

techniques), data collected from the left abductor digiti minimi is also included in this 

study (Figure 4). 

 
Figure 4. Abductor digiti minimi44 

 

Abduction of the hand is the action of laterally spreading the fingers outward. 

The abductor digiti minimi is a good muscle candidate for EMG because of its large size 

and superficial location. Preliminary results from this study clearly produce higher 

EMG readings in the abductor digiti minimi when the fourth finger depresses a string in 

                                                
44 “Superficial and deep layers of the hypothenar muscles,” TeachMeSeries Ltd, 2019, 

https://teachmeanatomy.info/upper-limb/muscles/hand/. 
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both closed and extended positions. Like the extensor digitorum, activation of the 

abductor digiti minimi while playing the cello can be due to muscle opposition or the 

involvement of synergistic muscles. Muscles synergist to the abductor digiti minimi 

control flexion of the little finger, drawing the little finger transversely across the palm, 

and bringing the little finger into opposition with the thumb. The antagonist muscles 

for the abductor digiti minimi involve actions of the thumb: flexion, abduction, adduction, 

and opposition of the thumb to the little finger.45  

 
 
  

                                                
45 American Academy of Manual Medicine, "Abductor Digiti Minimi," Abductor Digiti Minimi, 

accessed February 23, 2019, http://www.webmanmed.com/disorders/disorders_files/musclgd/hand 
/12123644.html. 
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CHAPTER 2 
 

STUDY PROCEDURE 
 
 

2.1 IRB Approval 
 

Before embarking on any kind of research study, Federal regulation requires any 

research involving human subjects to be reviewed and approved by an Institutional 

Review Board (IRB). Florida State University’s IRB is also called the Human Subjects 

Committee (HSC). A research study cannot begin until all necessary approvals are 

received. The IRB reviews human studies applications to ensure that all aspects of each 

proposed research study are ethical. Applications are sorted into three levels of review 

based on their degree of risk and are then weighed to the benefits for participating in a 

study: exempt, expedited, and full IRB committee review. The research study in this 

treatise regarding the techniques of Aldo Pais falls within the expedited category 

because it involves the analysis of sEMG data, audiovisual recordings, and surveys. The 

various procedures involved with this research met the criteria for expedited review 

very specifically.  

After completing training with the Collaborative Institutional Training Initiative 

(CITI) for certification to work with human subjects and their data, three components 

needed to be sufficiently planned in order to get IRB approval for this study. These 

components include drafting the adult informed consent form, establishing non-

imposing recruitment techniques, and organizing the data gathering sessions. Florida 

State University requires several topics to be explained in the consent form. Topics that 
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merit explanation include key information about the study, an overview of its purpose, 

risks and benefits, the voluntary nature of the study, the duration of the sessions, 

session procedure, participant’s qualification to participate, how the data will be used, 

confidentiality, and contact information. Please find the IRB approved memo for this 

study in Appendix A, and a copy of the approved adult consent form for this study in 

Appendix B. Being the primary investigator for the study, recruitment techniques 

accommodate any unwarranted obligation students might experience to appease their 

teacher for gain other than objective data collection. At the suggestion of the IRB 

committee, a recruitment email containing the consent form and session packet 

(forwarded to all current FSU cello students) highlights the voluntary nature of the 

study (Appendix C).  

 
2.2 Session Procedure 

 
 The session packet for this study contains control scales and underrepresented 

techniques found in Aldo Pais’ La Tecnica: two octaves of C major in first position, two 

octaves of D major in first and first-extended position, avvicinamenti (compressions of 

the hand), allargamenti (enlarged extensions), finger independence with double-stops, 

and an agility exercise (see Appendix D). In an effort to increase the amount of attention 

allocated to the left hand during these exercises, all of them have simplified bowings. 

The allargamenti and agility examples have been abbreviated in order to shorten the 

session time and reduce the risk of pain from doing the technique. A brief description 

on how to play each excerpt precedes each example, and the packet includes clear 
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indications for the tempo, fingerings, and bowings. Participants are encouraged to 

perform the examples causally, representing their most normal style of cello playing.  

Contraction strength (measured in microvolt) will be organized into four 

categories: maximum µV for the extensor digitorum, average µV for the extensor 

digitorum, maximum µV for the abductor digiti minimi, and average µV for the abductor 

digiti minimi. The FlexrGo software captures EMG data simultaneously with video 

recording with an iPad; subjects have agreed to audiovisual recording in their signed 

consent forms. Video recording allows for better understanding of the relationship 

between left-arm posture, EMG data, and the technique being employed.  

 At the beginning of each session, the participant is asked if they have any 

questions regarding the process before they sign their consent form. Consent forms 

must be completed before participants are briefed on how to perform each example. 

They are instructed to practice the session packet for no more than ten minutes after the 

primary investigator steps out of the room. Once the subject expresses that they have 

practiced the session packet adequately enough to execute its contents with sufficient 

continuity (or after ten minutes have passed), the primary investigator returns. 

Participants are provided with an alcohol prep-pad to clean the two sites on their arm 

where the biosensors will attach. Once the area dries, new gel adapters are secured onto 

the two biosensors which are then attached to their corresponding muscles.  

 When the subject is ready, the primary investigator starts a metronome. Every 

exercise begins with four metronome clicks, and the iPad data recording software 

interface is strategically activated with the metronome. Software limitations prevent 
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recordings from lasting longer than sixty seconds. Using a metronome with the strategy 

seen in Figure 5 maximizes the amount of data recorded and (in the case of Examples 3 

and 4) facilitates data comparison.  

 
Figure 5. Coordinating data recording with the metronome 

 

Examples 3 and 4 require the participant to perform the exercise in the following two 

ways: first with the indicated fingering, and then once more while disregarding the 

indicated fingering and playing whatever technique comes most naturally. Since both 

are recorded with the same metronome tempo, EMG topography for the two techniques 

of the same exercise can be compared visually. Any obvious differences between the 

two techniques are noted for more specific scrutiny, using the microvolt and 

audiovisual data.  

 Each example is recorded in one take; however, there were two instances (one 

during Example 5 and one during Example 6) when participants stopped before 

finishing the example being recorded, and they were allowed to re-record that example. 

The example containing finger independence (Example 5) proved to be particularly 

challenging. None of the participants were able to accurately execute this exercise, 

though the data collection did reveal consistent trends that will be discussed in Chapter 

3. The tempo for Example 6 is much faster than the other examples. One participant had 

difficulty starting the exercise because the four metronome clicks prior to the example 
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were much quicker than anticipated. These are instances in which having participants 

perform under one take is not ideal. 

Following each session, participants were asked to fill out a brief survey (see 

Appendix D). Questions from the survey dealt with topics such as level of education, 

number of minutes each participant practiced the session packet exercises, and any 

fatigue or pain that they may have experienced. The purpose for documenting 

education level is to quantify the relationship of a participant’s technical abilities to the 

EMG readings. Given the ten-minute limitation to practice the session packet, abject 

fatigue and pain are avoided. Regardless, subjects are given the opportunity to rate 

their level of fatigue or pain on a scale from one to ten for comparison. 
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CHAPTER 3 
 

ELECTROMYOGRAPHIC RESULTS 
 
 

3.1 General Statistics 
 

EMG data is contingent upon muscle strength which varies by sex and from 

person to person. Generally, each participant’s percentage differences between exercises 

will be used when comparing subjects with one another, but useful information can be 

gleaned by a general comparison of microvolts between men and women. A 2012 study 

from the University of São Paulo and São Paulo State University confirms a direct 

(though non-linear) correlation between EMG and muscle strength.46 This implies that 

the strength necessary to pull strings to the fingerboard enough to produce appropriate 

tone should—to some extent—remain similar among all individuals (male or female). 

String height, string gauge, and sitting posture can affect this phenomenon. Results 

from this study do not show any correlation between muscular effort and education 

level. In comparing the two women and four men from this study of Pais’ techniques, 

the two females did generally display lower EMG levels than their male counterparts 

for all examples and in both muscles. A sample of these differences can be seen in Table 

1, which compares the two control examples with and without the outlier.  

                                                
46 Heloyse Uliam Kuriki, Fábio Mícolis de Azevedo, Luciana Sanae Ota Takahashi, Emanuelle 

Moraes Mello, Rúben de Faria Negrão Filho and Neri Alves, “The Relationship Between 
Electromyography and Muscle Force,” EMG Methods for Evaluating Muscle and Nerve Function (Mark 
Schwartz, IntechOpen, DOI: 10.5772/25381, 11 January 2012) https://www.intechopen.com/books 
/emg-methods-for-evaluating-muscle-and-nerve-function/the-relationship-between-electromyography-
and-muscle-force. 
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One of the male participants did produce EMG results comparable to the two 

females. Results from this outlier subject were lower than the females the following 

independent categories: average µV for the extensor digitorum in Examples 2 and 6, 

maximum µV for the extensor in Exercise 4, and the average µV for the abductor digiti 

minimi in Exercises 3 and 4. Ultimately, excessive perspiration was the most likely cause 

for irregular or weak EMG readings from this individual. However, there are several 

other reasons why the outlier subject’s EMG could have been so much lower than the 

other participants. While it is possible that the biosensors were improperly situated 

above their corresponding muscles, this is unlikely because the lowered results were 

prevalent with both biosensor locations.  

 
Table 1. Average microvolts (µV) comparing male and female participants 

 

 Extensor Digitorum Abductor Digiti Minimi 

Example Maximum 
Contraction 

Average 
Contraction 

Maximum 
Contraction 

Average 
Contraction 

 Female Averages (µV) 

1 574 83.5 1009 191 

2 651.5 115.5 1276 271.5 

 Male Averages (µV) 

1 not incl. outlier 1279 226 1305 273 

1 incl. outlier 638 186.25 1305.25 248.25 

2 not incl. outlier 1286 273 1307.33 366 

2 incl. outlier 1165.5 223.75 1306.75 324 
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Also, results for the maximum contraction strength for the abductor digiti minimi were 

very consistent across all of the examples in the session packet for this individual. 

Results from that same category are in fact quite similar among all participants and in 

all exercises. The average maximum contraction strength for the abductor digiti minimi is 

collectively 1281.83 µV.  

Avoiding left-thumb opposition could reduce tension in the extensor digitorum 

and abductor digiti minimi; this is another possibility that could explain the outlier 

subject’s results. However, based on observation, the low EMG readings from the 

outlier subject are not due to overcoming muscle opposition. Even when the outlier 

subject’s data is incorporated with the average muscle contractions in Table 1, female 

subjects still exhibit lower average EMG in all categories. Average EMG ratings in 

control Exercises 1 and 2 have been averaged for all female and male participants in 

Table 1. The table is organized by muscle group, maximum contraction average, and 

average contraction strength average.  

Despite the correlation between EMG and action load and some regularity in the 

results, EMG data among subjects is variable contingent upon the participants’ 

technique and ability to relax while still generating a productive sound. This is another 

reason why EMG graphs are non-linear; as muscle effort increases, EMG output also 

increases while quickly oscillating up and down (but generally corresponds to muscular 

effort). For this reason, percentage differences are a more viable means of comparing 

data both individually and in groups. In this study, the percentage difference between 

any combination of data from the exercises varied too greatly among participants to 
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conclude any relationship between EMG data and education level, and more data from 

a larger pool of participants would be needed in order to verify this type of relationship.  

 
3.2 EMG Trends by Exercise 

 
 Trends in the EMG data did vary by exercise with each participant, but there are 

still congruences among participants collectively for certain exercises. In addition to two 

control exercises, the session packet displays exercises containing techniques from La 

Tecnica: avvicinamenti, allargamenti, finger independence, and an agility exercise. 

 
3.2.1 Example 3, Avvicinamenti 1 
 

 
Figure 6. Avvicinamenti 1 from Aldo Pais’ La Tecnica 

 

Of the ten exercises found in “Avvicinamenti di dita” from La Tecnica, the first of 

them is used for Example 3 in the session packet (see Figure 6). This technique requires 

a momentary compression of the hand that effectively eliminates portamento. Instead of 

actively shifting the hand from one position to another, a higher numbered finger stays 
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secured on the string until a non-consecutive lower numbered finger is in place. The 

interval between the two fingers is always smaller than what it would be in a normal 

closed position for this technique. A minor second can be momentarily formed between 

the first and fourth, first and third, and second and fourth fingers. Alternately, a major 

second can be formed between the first and fourth fingers. These hand configurations 

can be used during string crossings as well as moving along a single string. In the tenth 

exercise from “Avvicinamenti di dita,” compressions of the hand are sustained for 

chordal figures.  

In order to keep the data results as consistent as possible, I codified tempos and 

bowings for all of the examples. Pais did not indicate a tempo for any of the 

avvicinamenti exercises, but Example 3 from the session packet is set at 60 beats per 

minute (BPM), with the eighth note receiving the beat. The original bowing for 

Avvicinamenti 1 is set at one bow per measure. In order to accommodate so many notes 

per bow, the tempo would need to be much faster than 60 BPM, but I have modified 

Example 3 with eighth note slurred pairs beginning on the second note. The new 

bowing emphasizes the technique while also reducing the amount of attention 

necessary for saving the bow. Pais’ fingerings and brackets remain the same between 

Example 3 and his original.  

Participants were asked to play this example two times: first with the indicated 

fingering and then once more using whatever fingering comes most naturally. None of 

the participants reported any pain or fatigue with this exercise, and all of the subjects 

showed a reduction in their average amount of tension after disregarding the 
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avvicinamenti technique. For the extensor digitorum, there was a 17.51%–43.65% decrease 

in the average contraction strength for the example. The average EMG for the abductor 

digiti minimi revealed a percentage decrease as low as 18.46% and as high as 51.3%. 

Results varied widely within the percentage range of both muscles, which is why an 

average percentage decrease would not fully encompass the data. The percentage 

increase between the control Example 1 and the first iteration of Example 3 varied 

greatly among all participants. All subjects’ percent increases for both muscles are listed 

in the table below. Percentages are listed from lowest to highest increase; the 

percentages do not correspond between the muscles in the chart for each participant 

(see Table 2).  

 
Table 2. All participant percentage increase values from control Example 1 and the first 
iteration of Example 3 
 

Extensor Digitorum Abductor Digiti Minimi 

6.9% 
43.44% 
51.97% 
79.6% 
91.26% 

98.51% (from the outlier subject) 

14.37% (from the outlier subject) 
38.29% 

50% 
51.38% 
52.58% 
148.9% 

 

Participants struggled with the intonation and accuracy when performing the 

avvicinamenti technique. On a scale from 1 to 4 (with one being very poor and four being 

flawless), 2.5 is the average score for intonation and 3.3 is the average score for accuracy 

for Example 3. Playing wrong notes, stumbling with the continuity, and 

desynchronizing with the metronome adversely affect the accuracy score. Averaging 
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the two control examples, intonation scored 3.2 with the accuracy score being 4. None of 

the participants received a four in both categories for the first part of Example 3.  

Given the ten-minute practice limitation, it is possible that more time spent 

addressing intonation in individual study could correct intonation. All of the 

participants adjusted any notes initially out of tune. Regardless of their success after 

adjusting, that they maintained enough flexibility to adjust at all indicates that the 

intonation suffered not because of the technique itself but because of the absence of the 

left-arm choreography necessary to accurately execute the technique. Choreography of 

the left arm and hand (achieved with or without attention [e.g. muscle memory])—

which is necessary for improving intonation—requires disciplined practice. It is 

undeniable, however, that avvicinamenti is a cumbersome technique for all of the 

participants. 

 
3.2.2 Example 4, Allargamenti 10e 
 

There are fifty-five exercises in the “Allargamenti” chapter of La Tecnica, each 

containing a separate application for the technique. Some of the numbered exercises 

contain supplemental versions of the applied technique, which are indicated with a 

lowercase letter. Allargamenti is a technique that requires enlarged extensions. The 

purpose for using allargamenti is to eliminate portamento, improve legato, improve 

facility, and to generally expand upon the fingering possibilities for any musical 

situation. In traditional cello technique, an extension would only occur between the first 

and second finger, resulting in an interval no greater than a major second. In 

“Allargamenti,” Pais provides exercises that practice momentarily stretching a distance 
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greater than a half step between all fingers. Some exercises necessitate creating a minor 

third between the first-and-second or second-and-third fingers, and a few exercises 

even require achieving up to a tritone between the first and fourth fingers without 

shifting. For this study, an edited and abbreviated version of Pais’ Allargamenti 10e was 

tested (see Figure 7).  

 
Figure 7. Allargamenti 10e from Aldo Pais’ La Tecnica 

 

 Despite having the most exercises compared to any other chapter in La Tecnica, 

only one from Allargamenti provides a tempo indication. Allargamenti 3 is labeled “Si 

studi molto lentamente” meaning “study very slowly.” Keeping the examples as 

consistent as possible, the edited portion of Allargamenti 10e (in Example 4 from the 

session packet) is marked at 60 BPM (like Example 3) with the eighth note receiving the 

beat. Pais’ original slurring for this exercise connects every four eighth notes, but 

Example 4 divides the bowing to better isolate the technique. This also reduces the 

amount of cognitive attention necessary for saving the bow. Example 4 includes the first 

half of Allargamenti 10e, which descends from the example’s final C4 while maintaining 

the same fingering pattern. La Tecnica uses an arrow between two fingerings to indicate 

that an exercise requires an enlarged hand extension; but in an effort to reduce 

confusion, all extensions in the session packet are identified with an “x” preceding the 

finger number.  
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 Example 4 also provides a good opportunity for recording two separate versions: 

one with the indicated fingering and one disregarding the allargamenti technique. All 

participants displayed a reduction in tension for the second recording of Example 4. As 

previously discussed, the results were too widely varied to produce a general average 

percentage decrease for each muscle across all participants. The percentage decrease 

range of average muscle tension during Example 4 for the extensor digitorum was 

11.57%–23.61%, while the range for the abductor digiti minimi was a reduction of 16.57%–

44.22%. The percentage increase between the control Example 1 and the first iteration of 

Example 4 (like Example 3) varied greatly among all participants. All subjects’ 

percentage increases for both muscles are listed in the table below. Percentages are 

listed from lowest to highest increase; the percentages do not correspond between the 

muscles in the chart for each participant (see Table 3).  

 
Table 3. All participant percentage increase values from control Example 1 and the first 
iteration of Example 4 
 

Extensor Digitorum Abductor Digiti Minimi 

-2.26% 
6.4% 

69.69% 
78.64% 
79.69% 

149.25% (from the outlier subject) 

32.03% 
42.53% (from the outlier subject) 

43.43% 
86.85% 
118.62% 
170.65% 

 

 Similar to Avvicinamenti 1, participants struggled with intonation and accuracy 

when performing the allargamenti technique. On a scale from 1 to 4, subjects averaged 

2.2 for intonation and 2.8 for accuracy. Again, for comparison, participants’ average 



38 

scores in the control exercises were 3.2 for intonation and four for accuracy. Intonation 

and accuracy were lower in Example 4 compared to Example 3, and one participant 

specifically noted that they experienced mild fatigue with Example 4. Causation for the 

lower scores requires further testing.  

Most participants executed this technique by releasing the thumb and abducting 

between the fingers. Abduction in this scenario (particularly between the second-and-

third and third-and-fourth fingers) makes the hand more perpendicular to the strings 

and reduces finger curvature. There were two successful participants for this exercise: 

one rotated the ulna above the radius to prevent finger abduction, and the other had 

very large hands compared to other participants. Since anatomical predisposition is a 

potential factor in the accurate execution of the allargamenti technique in some 

situations, it is difficult to determine if the lower intonation and accuracy scores were a 

result of insufficient practice time or hand size. At least one of the two high-scoring 

participants was able to maintain finger curvature and prevent abduction via rotating 

the ulna with a normal-sized hand. 

 
3.2.3 Example 5, L’Indipendenza delle dita 3d 
 

The selection for Example 5 is found in the first chapter in La Tecnica, titled 

“Esercizi per la forza e l’indipendenza delle dita.” The title translates as “Exercises for the 

strength and independence of the fingers.” This chapter contains two double-stop 

exercises and three exercises for developing finger percussion. The first exercise of the 

chapter isolates finger percussion and offers a brief instruction: “Raise your fingers a lot 
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and allow them to drop with force onto the string.”47 Exercise 4 also drills finger 

percussion and advises readers to “strike the fingers with force on the string.”48 

Exercises 2 and 3 are both double-stop exercises for working on finger independence. 

Of the six variations for Exercise 3, 3d was selected for this study because it does not 

include open strings. The music is easier to read with this exercise compared to other 

variations because accidentals are expressed with sharps and because both voices from 

the exercise move in a stepwise motion. The purpose of this technique is to strengthen 

the muscles of the left-arm structure in addition to expanding upon the possibility for 

the fingers to move independently with ease. The session packet’s modified version of 

exercise 3d can be viewed in Figure 8.

 

Figure 8. L’Indipendenza delle dita 3d from Aldo Pais’ La Tecnica 
 

                                                
47 Translated from the Italian text: “Alzare molto le dita e lasciarle cadere con forza sulla corda.” 
48 Translated from the Italian text: “Battere con forza le dita sulla corda.” 
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Pais’ bowing for the original exercise (being one bow per measure) is the only 

inference regarding the tempo. In order to maintain consistent tone, more bow speed is 

needed when playing double-stops. However, given the anticipated difficulty 

participants might experience when working on Example 5, the bowing has been edited 

from the original to change every quarter note beat. The tempo for Example 5 is set at 40 

BPM with the quarter note receiving the beat. This example is markedly slower than the 

other examples, because any subdivision would interrupt the two-against-three rhythm 

in the third measure. The top voice in the first measure of Example 5 was originally two 

half-notes (B and C), but they have been subdivided as repeated quarter notes to 

accommodate this new bowing. 

Because this technique does not rely on any particular fingering system, only one 

version of the example is recorded for each participant. Each subject is only granted a 

single opportunity to record Example 5, although one participant was allowed to re-

record because they did not complete the exercise in the first take. The reason for not 

allowing subjects to record the example repeatedly (in an effort to improve its quality) 

is to better measure the natural tendencies for the accuracy and intonation of the 

exercise. For Example 5, participants produced the lowest results for accuracy. Out of 4, 

the average score for intonation was 2.5, with the score for accuracy being 1.3. Since the 

fingering for this example cannot vary, only one version of the exercise was recorded.  

Table 4 lists each participant’s percentage increase between the average EMG 

data gathered from control Example 1 to Example 5. All participants’ percentage 

increase values are listed, and the percentage increase value is listed incrementally from 
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smallest to largest. The values are non-congruent between the two muscles for each 

participant. 

 
Table 4. All participant percentage increase values from control Example 1 to Example 5 
 

Extensor Digitorum Abductor Digiti Minimi 

82.52% 
103.62% 
104.43% 
115.35% 

200% (from the outlier subject) 
260.94% 

145.07% 
148.86% 
155.17% 
201.56% 
214.13% 

250.57% (from the outlier subject) 

 

Out of all of the examples from the session packet, four of the six participants 

had the highest EMG rating (the most muscle tension) for the abductor digiti minimi in 

Example 5. The same four participants mentioned Example 5 in the survey question 

regarding pain or fatigue associated with any of the exercises from the session packet. 

One subject noted that having less time to release tension might have caused their 

fatigue, while another wrote that they had not unlocked the secret of the exercise. 

Unfortunately, not all of the subjects verified their rate of fatigue or pain on a scale from 

1 to 10 as the question in the survey prompts. Those who did fully answer the question 

indicated that they experienced fatigue or pain at four to five out of ten in the muscles 

being studied.  

The most successful participant (rating a 4 out of 4 for intonation and a 3 out of 4 

for accuracy) listed that he did not experience pain or fatigue with any of the examples, 

including Example 5. Although he had not seen Example 5 before practicing for the 

session, this individual expressed that he was familiar with other similar exercises 
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which also involve finger independence. After practicing the session packet for ten 

minutes, the subject’s EMG percentage increase from the control Example 1 in the 

abductor digiti minimi was one of the lowest among all participants for both muscles at 

103.62%. To be clear, the subject whose results produced an 82.52% increase in tension 

from the control scored a one in the accuracy category, which is reflected in the lowered 

EMG data. Having practiced similar exercises previously, the successful participant’s 

results imply that levels of tension during exercises with finger independence can be 

reduced through disciplined practice.  

The average percentage increase from the control Example 1 to Example 5 

doubled and sometimes tripled in all participants for both muscles. Much more strength 

is necessary to play Example 5 compared to the control Example 1. Some participants 

indicated their level of fatigue or pain at 5 out of 10 during this forty second exercise. It 

would be inadvisable for anyone to sustain that degree of discomfort for a prolonged 

period. However, the successful participant, though doubling extensor digitorum and 

tripling abductor digiti minimi tension, did not experience pain or fatigue. Considering 

this subject’s accuracy and absence of pain or fatigue, muscular endurance is the most 

likely factor contributing to his success. While it is advisable to conserve energy and 

find a technique that uses the least amount of tension allowing anatomical facility, 

muscular endurance is necessary in preparing for the rigors of a very active career. The 

successful participant’s average muscle contraction strength for both muscles was 

surpassed by only one other participant; this other participant also stated that he did 

not experience fatigue or pain with exercises from the session packet. 
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3.2.4 Example 6, Esercizi per la velocità e l’uguaglianza 2 
 

 
Figure 9. La velocità e l’uguaglianza 2 from Aldo Pais’ La Tecnica 

 

The final example from the session packet can be found in the second exercise of 

Pais’ chapter titled “Esercizi per la velocità e l’uguaglianza.” The title translates as 

“Exercises for speed and evenness.” Exercises from this chapter employ repetitive 

motions that are intended to increase playing speed and evenness. There are a total of 

twenty exercises in this chapter, and only the second will be used for Example 6 due to 

its simplicity compared to other exercises (see Figure 9). The first note of each beat is 

executed with an open string or the first finger. Pais’ original bowing is maintained for 

the study example, but the example stops ascending after beat three of measure five. In 



44 

Pais’ exercise, the pattern continues to ascend until the first finger reaches C6, the 

highest note of the exercise being G6 with the third finger. There is no indicated tempo 

for any of the exercises in Pais’ chapter other than the title that translates as “Exercises 

for speed and equality.” To regulate the speed among participants, Example 6 is 

marked at 140 BPM with the quarter note receiving the beat. This exercise was selected 

among others from the chapter due to its pattern regularity and the exclusion of any 

additional non-traditional techniques. 

 Half of the subjects performed Example 6 well with regard to intonation and 

accuracy. On a scale from 1 to 4, the average score for intonation was 3, and the average 

score for accuracy was 2.8. Two participants received a 4 in both categories. Of all the 

examples in the session packet, all subjects produced the highest average degree of 

tension in the extensor digitorum for Example 6. This is undoubtedly due to the quick 

and repetitive release of fingers that requires the extensor digitorum to lift fingers off of 

the string. Two of the participants showed a higher average EMG for Example 6 in the 

abductor digiti minimi, and the other four participants achieved their highest average 

rating with Example 5. Supplementary fingerings would not affect the results; only one 

variation of Example 6 is recorded. Average muscle contraction rates (from the control 

Example 1 to Example 6) for both muscles are expressed as a percentage for each 

participant in Table 5. 

Three of the participants indicated that they experienced fatigue or pain during 

Example 6. Two of them rated the pain (on a scale from 1 to 10) as 4 and 5. Given the 

high rate of intonation and accuracy coupled with the high EMG readings, it is unlikely 
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that disciplined practice would significantly reduce levels of tension. Average muscle 

tension for this exercise can be reduced through practice or biofeedback to an extent, 

but the percentage increase between this example and control Example 1 indicates that 

a higher muscular force is necessary to execute Example 6.  

 
Table 5. All participant percentage increase values from control Example 1 to Example 6 

 
Extensor Digitorum Abductor Digiti Minimi 

125.12% 
151.57% 
182.35% 
242.72% 

265.67% (from the outlier subject) 
309.38% 

54.29% 
85.86% 
113.15% 
115.23% 
319.57% 

354.02% (from the outlier subject) 
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CHAPTER 4 
 

CONCLUSION 
 
 

This has been a productive study. Processing human subjects’ data has revealed 

compelling evidence regarding allargamenti, avvicinamenti, and the microvolt differences 

between men and women. Female participants produced lower microvolt ratings than 

males in every category. Despite their absence in standard cello pedagogy, avvicinamenti 

and allargamenti produced significantly lower EMG results than the exercises of finger 

independence and repetitive motions. This means that undervaluing these techniques 

from Aldo Pais’ La Tecnica limits the scope of technical possibility on the cello. There 

was no correlation between education level and EMG results. 

 Results from this study can be appreciated in their own right, but more testing is 

needed to make the findings of this study more meaningful. This study is unique 

because raw EMG data is being compared to the muscular effort needed to perform 

specific left-hand cello techniques. Duplicating trends between electromyography and 

cello technique in additional data gathering sessions would certainly bolster this study’s 

claims. Having other institutions conduct this same experiment is a research design that 

would reduce variables and increase the merit of any consistent findings. While 

confirmatory research methods are needed to verify this study’s exploratory research, 

future investigation of the results found in this treatise would require some revision of 

the study procedure. Despite the limitations of the study, trends from this study and 

relevant applications for each of Pais’ techniques with regard to the EMG tendencies are 

provided in this chapter. 
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4.1 Variables for Future Consideration 
 

Although this study lists quantitative information concerning EMG and left-hand 

cello technique that is otherwise missing in academic literature, there are several 

limitations that need to be addressed in assessing the value of its results. Because EMG 

corresponds to muscular force non-linearly, only a general range in microvolts can be 

expected to increase with added muscle tension. This is why the outlier subject is 

identified in all of the data tables. As previously mentioned, duplicating this study will 

increase the merit of its findings: EMG data from this study provides evidence that 

avvicinamenti and allargamenti require less tension than other more commonly used 

techniques (such as finger independence and repetitive motions), and that muscular 

force is different between men and women. 

Noting the conspicuous difference between male and female subjects’ results for 

all exercises, averaging the microvolt results together would have hidden this important 

discovery. Data trends from this study reveal that women produce lower EMG (and 

thus, lower muscular effort) than men in all categories for all exercises. This suggests 

that men have the predisposition for excessive tension compared to women; indeed, the 

physical needs of each individual must be considered when differentiating teaching 

styles between students. Lower EMG results correlate to general improvement. The 

possibility that both female subjects—exhibiting lower EMG results—are outlier 

subjects can only be eliminated with a congruent duplication of this study, which 

would need to include a larger pool of participants. Testing an equal number of male 

and female participants in a larger participant sample size would more clearly 
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designate any outliers in addition to increasing the viability of any trends (with respect 

to a more verified sex/EMG relationship or EMG percentage differences between 

certain techniques).  

While it is useful for determining the level of muscular effort while performing a 

certain task, electromyography is inherently variable for many reasons. Special 

considerations are necessary to keep results consistent between individual subjects’ 

sessions (if there is more than one session) and also when comparing data between 

different subjects. Electrode placement, skin impedance, and the angle of joints (to 

which a studied muscle is connected) all influence microvolt strength. For those 

reasons, the outlier subject’s data was identified in each table in an effort to maintain 

data trends apparent without including his results. His excessive perspiration could 

have affected skin impedance. Nevertheless, the maximum contraction strength for the 

abductor digiti minimi remained the same among all participants in all examples within a 

4.68 percentage difference (excluding one outlier). 

In addition to having an unequal male to female subject ratio, there are a few 

other variables worth reviewing in future duplications of this study: frequency of data 

gathering sessions, session time, example duration, activation of synergistic muscles, 

and the influence of education on EMG results. Because a subject’s EMG readings for 

the same exercise can change when measured on separate occasions, long term case 

studies with multiple regularly occurring sessions are recommended to reduce outliers 

and to note trends. This would eliminate the possibility of any variety between EMG 

data gathering sessions in relation to a subject’s fatigue due to external factors. The time 
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of day that data collection occurs for each participant must also remain consistent. Also, 

each example lasted a different duration. The longest example from the session packet 

was Example 3; its duration filled the sixty second recording limitation enforced by the 

software, and the control Example 1 lasted a total of thirty-two seconds. The longer an 

example continues, the more reliable the average contraction strength becomes. 

Although both examples accurately reflect their respective technique (two octaves of C 

major in closed position and avvicinamenti), Example 3 was allotted more time for the 

software to calculate average contraction strengths. Inconsistencies in the duration of 

examples would need to be rectified if this study is duplicated. Repeating each 

technique until an equivalent time duration for each example is met would provide a 

better solution. 

Activity in the extensor digitorum and the abductor digiti minimi can be distributed 

among synergist muscles. Other muscles can activate in support of the extensor 

digitorum and abductor digiti minimi; looking at these synergistic muscles will increase 

data merit, but that would require more invasive EMG methods (intramuscular EMG). 

This extra data would help support any trends found among subjects, but also among 

different sessions with one individual. The same can be applied for muscles antagonist 

(the opposite of synergist) to the extensor digitorum and the abductor digiti minimi. A fully 

comprehensive exploration of the rate of tension in those muscles would include 

techniques that require thumb position. In thumb position, activation of the extensor 

digitorum via opposition is less likely, due to the different hand posture required for that 

technique.  
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It is possible that EMG results could vary by institution. While educational 

background differed among each participant, EMG results can still be influenced by a 

common factor regarding this study: All participants from this research project 

currently study with the same cello professor at the same university. To prove this 

claim, the analysis of EMG with regard to specific left-hand techniques across various 

universities is needed. Different methods for performing the same action can vary by 

the distribution of muscular effort. This distribution can be established through private 

instruction, social interaction, observational learning, or even independent study. There 

is a greater possibility that muscular distribution for different techniques is similar 

among those who study at the same institution with the same instructor. Different 

teachers, and different musical interactions, will produce different styles of playing—

this will affect EMG results in future duplications of this study elsewhere.  

Another method for investigating the connection between Pais’ unconventional 

exercises and fatigue is found through a more in-depth study of the academic literature 

available concerning left arm injuries in cellists. Studying documented accounts of 

injuries caused by cello technique would aid the justification to avoid certain techniques 

as well as to indicate techniques which merit further research. The Musician's Survival 

Manual: A Guide to Preventing and Treating Injuries in Instrumentalists by Richard Norris 

provides a most useful monograph of common injuries among musicians, including 

cello players. The advice contained within this book is clinically verified, but the 

injuries and syndromes are only broadly discussed. In fact, there are no direct 

correlations between specific left-hand cello techniques and any resulting injuries 
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sustained, which brings importance to this study of Pais’ techniques. Much of the 

information from The Musician’s Survival Manual is useful in considering the 

mechanisms involved with any technique among all musicians. Understanding these 

mechanisms will help future EMG surveyors choose techniques that have a higher 

possibility of causing issues. Unfortunately, there is no codified list of injuries sustained 

in relation to specific cello techniques (anecdotal or otherwise).  

In addition to the future considerations mentioned, there are a few amendments 

to this study that would help to increase result viability: using checkboxes to rate 

fatigue or pain, and beginning each example with a maximum strength contraction. 

Since not all participants from this study rated their level of fatigue or pain on a scale 

from one to ten, providing a checkbox for each level in the session packet would 

provide more incentive for subjects to indicate their experience.  

A useful component of the software used for EMG data gathering in this research 

is its ability to calculate activation rate. Muscle activation rate compares the strength of 

the muscle while in use, and the potential for the muscle to contract more. Of particular 

interest, a low contraction strength with a high activation rate would indicate that a 

subject’s muscle is weak, despite being well-activated. To find the muscle activation 

rate, it is necessary to begin each recording with a maximum muscle contraction, which 

was not performed for this study. Muscle activation rate uses the maximum contraction 

strength from a recording to create a percentage hierarchy which expresses absolute rest 

at 50µV, high strength contraction between 80% and 100%, and the muscle being in the 

process of contracting between 50µV and 80%. Including activation rate with the EMG 
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study of cello techniques would better reveal the relationship between subjects’ 

maximum strength potential and the amount of effort required to perform a technique.  

 
4.2 Practical Application of Pais’ Techniques 

 
Aldo Pais used avvicinamenti and allargamenti in his original compositions and 

edited works, but these techniques are universal and can be useful when thoughtfully 

employed. Results from the finger independence and agility examples showed high 

EMG activity compared to the other exercises; these techniques are not unique to Pais, 

and they can cause injury due to repetitive motions. The avvicinamenti and allargamenti 

techniques exhibited much lower muscular effort compared to finger independence and 

repetitive motions. Because they can be accomplished by alternative means, 

avvicinamenti and allargamenti techniques are less explicitly requested in cello repertoire; 

examples for the use of each are provided in Figures 10 and 11. The finger 

independence and left-hand agility exercises, however, are two techniques not original 

to La Tecnica and are unavoidable in many situations that occur in standard cello 

repertoire. Popper etudes (e.g. No. 6, No. 9) require left-hand agility for extended 

durations, and sections of the Sonata for Solo Cello by Zoltán Kodály necessitate 

complex finger independence.   

Presenting the opportunity for avvicinamenti and allargamenti, portamento and 

explicit shifting can be avoided in the opening of Beethoven’s Cello Sonata No. 3, Op. 69 

(Figure 10). In measure three, a half step can be momentarily formed to move between 

the C-sharp and the D that follows. An enlarged extension eliminates the need to shift 
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between the B and the A; this would require a perfect fourth to be created between the 

first and fourth fingers.  

 
Figure 10. Avvicinamenti and Allargamenti in Beethoven’s Cello Sonata No. 3, Op. 6949 

 

While it is advisable to maintain enough facility to create a similar sound among all 

fingers, the fingering from Figure 10 relies on the fourth finger to support the weight of 

the phrase on the A in measure four. For that reason, shifting down to the A in measure 

four with the second finger would make the timbre of that note more clearly focused in 

the phrase. The abbreviation av. is used to signify when to use the avvicinamenti 

technique, and all. signifies allargamenti.  

Portamento is sometimes tasteful and desired in soloistic cello repertoire, but—

unless it is expressly indicated in the music—sliding between two notes is less advisable 

in an orchestral setting. Figure 11 displays a fingering option for the opening of the 

third movement of Mendelssohn’s Symphony No. 4. Allargamenti becomes useful for 

eliminating any risk of portamento caused by shifting. The technique is manageable in 

this example because the distance between notes is smaller in second-and-a-half 

position, compared to half position on the cello. Allargamenti can occur between any 

finger, even non-consecutive fingers. A perfect fourth is required between the third and 

fourth full measure of the example, and a whole step is required between the second 

                                                
49 Ludwig van Beethoven, Cello Sonata No. 3, Op. 69, ed. by Stelios Samelis (Mutopia Project, 

2006). 
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and third finger getting into measure seven. It should be noted that fingers need to 

release after the allargamenti technique is used in order to overcome deficiencies in 

sound quality. 

 
Figure 11. Allargamenti in Mendelssohn’s Symphony No. 4, third movement50 

 
Implementation of the avvicinamenti and allargamenti techniques is far reaching; 

these methods can be used in numerous circumstances. That these techniques are often 

left out of traditional cello pedagogy limits both the fingering and sound quality 

possibilities available to cellists. Ergonomic technique is essential for the prevention of 

injury, but EMG data from this study indicates that those two techniques require less 

muscular activity compared to sustained finger independence and repetitive motions. 

The occasional use of avvicinamenti and allargamenti would not wear on endurance to 

the degree that other techniques do. This study proves that EMG can be useful for the 

comparison of cello techniques. La Tecnica is fully comprehensive of techniques 

additional to those established by Duport, which makes the volume a valuable resource. 

Quantifiable research from this study proves that avvicinamenti and allargamenti are safe; 

they can be used in a multitude of musical situations —we must reevaluate the 

avoidance of avvicinamenti and allargamenti in modern cello pedagogy and celebrate the 

technological advances that justify these techniques. 

  
                                                

50 Felix Mendelssohn, Symphony No. 4, ed. by Julius Rietz (New York: E.F. Kalmus, n.d.(1933-70)). 
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IRB APPROVED ADULT CONSENT FORM 
 

 

        FLORIDA STATE 
           UNIVERSITY    

CONSENT TO PARTICIPATE IN A RESEARCH STUDY 

Study Title: Left Hand Techniques in Aldo Pais’ La Tecnica del Violoncello:  An 
Electromyographic Data Comparison 

Principal Investigator: Jordan Galvarino 

p. 1 of 6

Introduction 

We invite you to take part in a voluntary research study at Florida State University. 
Before you decide to take part, please take as much time as you need to ask any questions and 
discuss this study with anyone on the FSU research team, or with family, friends or your 
personal physician or other professional.   

Key information about the research study 

Things you should know: 
• This study examines muscle tension (via sEMG) while using unconventional left-hand

technique for the cello. If you choose to participate in this voluntary study, you will be
asked to prepare and play through several technical exercises while wearing small
wireless EMG equipment. We will set up a time to meet at the School of Music. The
examples take about 10 minutes to practice the music to a playable level, and the session
will take approximately 8 minutes. Your EMG data and a video with audio will be
recorded all at the same time for each example in the session packet.

• Risks or discomforts from this research may include left hand fatigue from preparing the
examples. Please take breaks at the onset of any fatigue or pain and do not induce pain
from aspiring to totally master the examples in the session packet. While unlikely, you
may also experience minor skin irritation at the EMG device site because of the gel on
each electrode. EMG itself is completely painless; you shouldn’t feel anything other than
the weight of the device where it is situated. The EMG device does emit a small amount
of electricity so that it can measure the voltage from your muscle contractions. You
should not participate in this study if you rely on sensitive electrical equipment for your
health (like a pacemaker).

• The study will help determine which of the techniques can be achieved within normal
levels of tension.

• Taking part in this research project is voluntary. You don’t have to participate and you
can stop at any time.

Please take time to read this entire form and ask questions before deciding whether to take part in 
this research project. 

FSU Human Subjects Committee approved on 03/13/2019, HSC #2019.26890

APPROVED
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        FLORIDA STATE 
           UNIVERSITY    

CONSENT TO PARTICIPATE IN A RESEARCH STUDY 

Study Title: Left Hand Techniques in Aldo Pais’ La Tecnica del Violoncello:  An 
Electromyographic Data Comparison 

Principal Investigator: Jordan Galvarino 

p. 2 of 6

Why is this study being done? 

This study is being conducted by Jordan Galvarino at Florida State University in partial 
fulfillment of the requirements for the Doctor of Music degree.  

The purpose of the study is to use surface electromyography (sEMG) as a tool for comparing the 
different cello techniques from the session. With sEMG, a small sensor is placed on the skin that 
gathers information about how tense muscles are. That data gets sent to a computer in real time. 
When the session is completed, the sEMG data will reveal which techniques cause more tension 
than others. Some of the techniques are unconventional, but the data might indicate that some 
techniques cause a similar level of tension compared to more traditional techniques.  

Why are you being asked to take part in this study? 

You qualify to participate in this study because the scope of my research includes all 
performance major cello students as well as non cello performance majors who are 
upperclassmen or graduate cello students that study at FSU. 

How many people are expected to take part in this study? 

I estimate the total enrollment for the study to be five to seven FSU students. 

Before you begin the study 

Make sure you understand this consent form very well, and then sign it and return it to me so that 
I can give you a session packet. Do not work on the session packet before you give me a signed 
consent form! Please acquaint yourself with the six exercises in the session packet. The indicated 
bowings, fingerings, and tempi need to be played with good continuity.  

FSU Human Subjects Committee approved on 03/13/2019, HSC #2019.26890

APPROVED
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        FLORIDA STATE 
           UNIVERSITY    

CONSENT TO PARTICIPATE IN A RESEARCH STUDY 

Study Title: Left Hand Techniques in Aldo Pais’ La Tecnica del Violoncello:  An 
Electromyographic Data Comparison 

Principal Investigator: Jordan Galvarino 

p. 3 of 6

Study procedures 

If you agree and are eligible to participate in this study, we would ask you to do the following: 
meet with Jordan Galvarino at a mutually agreeable time and location, allow me to answer and 
document any questions you might have, allow two areas of the left arm to be lightly cleaned 
with a single-use alcohol prep pad, allow placement of the wireless sEMG electrode transmitters, 
complete the exercises from the session packet using a metronome when prompted, and complete 
the survey at the end of the packet. I would be happy to share the results with you immediately 
following the session. By participating, you also agree to audio and video recording 
simultaneously captured with the sEMG data collection. The reason I need to make a video 
recording is to better understand the relationships between left arm posture, sEMG data, and the 
technique being employed. 

How long will I be in this study? 

The session will take about eight minutes, but I would ask for you to acquire the session packet 
granting enough time to learn the exercises. It will take about ten minutes of your practice time 
to secure the continuity of the exercises.  

Risks of study participation 

The study has the following risk: fatigue of the left hand and arm structure due to practicing with 
a more than normal amount of tension for prolonged periods. While unlikely, you may also 
experience minor skin irritation at the EMG device site because of the gel on each electrode. 
EMG itself is completely painless; you shouldn’t feel anything other than the weight of the 
device where it is situated. The EMG device does emit a small amount of electricity so that it can 
measure the voltage from your muscle contractions. You should not participate in this study if 
you rely on sensitive electrical equipment for your health (like a pacemaker). Because this is a 
research study, there may be additional risks that we cannot identify at this time. 

Benefits of study participation 

There are no expected benefits from participating in this study other than exposure to the sEMG 
technology and learning about new cello techniques. 

FSU Human Subjects Committee approved on 03/13/2019, HSC #2019.26890

APPROVED
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        FLORIDA STATE 
           UNIVERSITY    

CONSENT TO PARTICIPATE IN A RESEARCH STUDY 
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Study Title: Left Hand Techniques in Aldo Pais’ La Tecnica del Violoncello:  An 
Electromyographic Data Comparison 

Principal Investigator: Jordan Galvarino 

Alternatives to study participation 

The alternative is to not participate in the study. 

Ending the study 

After the session, I will review the data to be included in my treatise. I anticipate submitting my 
treatise by the pre-defense format review deadline of March 25, 2019. After that time it would be 
impossible for me to exclude your data from the treatise if you choose. Please contact me at 
<*****************> if you wish to withdraw from this study. All of your data can be deleted 
from the FlexrGo App, and any data contributed by your participation can be excluded from the 
research study at your request. 

Who can profit from study results? 

No financial conflicts or gains have been identified in connection with this study. 

How Will My Samples and Data be Used? 

The sEMG data will be collected and saved to the FlexrGo App on my password-protected iPad. 
FlexrGo is only compatible with iPads at this time. The FlexrGo App is also password protected. 
Analysis of the recordings should take no longer than 8 weeks, but I am required to safeguard all 
research records (including this consent form and all data gathered) for at least three years after 
the completion of the study. If you choose to withdraw from the study prematurely, all data 
collected up to the point of withdrawal will be deleted from FlexrGo and removed from the 
study. 

Confidentiality 

The records of this study will be kept private and confidential, to the extent allowed by law. In 
any publications or presentations, we will not include any information that will make it possible 
to identify you as a subject. Your record for the study may, however, be reviewed by 
departments at the University with appropriate regulatory oversight. Study information will not 
be recorded in the subject’s medical record. 

FSU Human Subjects Committee approved on 03/13/2019, HSC #2019.26890

APPROVED
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        FLORIDA STATE 
           UNIVERSITY    

CONSENT TO PARTICIPATE IN A RESEARCH STUDY 
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Study Title: Left Hand Techniques in Aldo Pais’ La Tecnica del Violoncello:  An 
Electromyographic Data Comparison 

Principal Investigator: Jordan Galvarino 

What will happen to the information collected about me after the study is over? 

I will not keep your research data to use for future research or other purpose. Your name and 
other information that can directly identify you will be deleted from the research data collected 
as part of the project, but I am required to securely store all research related records for at least 
three years after the completion of the study. 

We will not share your research data with other investigators. 

The results of this study could be published in an article or presentation, but would not include 
any information that would let others know who you are without your permission. 

Voluntary Nature of the Study 

Participation in this study is voluntary. Your decision whether or not to participate in this study 
will not affect your current or future relations with the University. If you decide to participate, 
you are free to withdraw at any time without affecting those relationships. 

Contacts and Questions for the study team about the research 

The researcher conducting this study is Jordan Galvarino <*****************> who is 
overseen by Greg Sauer <**************>. You may ask any questions you have now, or if 
you have questions later, you are encouraged to contact them at ***-***-**** for Jordan 
Galvarino, and ***-***-**** for Greg Sauer. 

Contact information for questions about your rights as a research participant 
If you have any questions or concerns about your rights as a research participant, or regarding 
the study and would like to talk to someone other than the researcher(s), you are encouraged to 
contact the FSU IRB at telephone number 850-644-7900. You may also contact this office by 
email at humansubjects@fsu.edu, or by writing or in person at 2010 Levy Street, Research 
Building B, Suite 276, FSU Human Subjects Committee, Tallahassee, FL 32306-2742. 

You will be given a copy of this form for your records. 

FSU Human Subjects Committee approved on 03/13/2019, HSC #2019.26890

APPROVED
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Study Title: Left Hand Techniques in Aldo Pais’ La Tecnica del Violoncello:  An 
Electromyographic Data Comparison 

Principal Investigator: Jordan Galvarino 

p. 6 of 6

Statement of Consent 

I have read the information in this document. I have asked questions and have received answers. 
I consent to participate in this study. 

___________________ ____________ 
Signature of Subject       Date 

___________________ ____________ 
Printed Name of Subject Date 

___________________       ____________ 
Person Obtaining Consent     Date 

FSU Human Subjects Committee approved on 03/13/2019, HSC #2019.26890

APPROVED
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APPENDIX C 
 

RECRUITMENT EMAIL 
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APPENDIX D 
 

SESSION PACKET 
 

 

SESSION PACKET 

 

 

 

When prompted, play each of the excerpts with full tone and little vibrato.   

 
 

 
 
Example 1: 

 
The following example is to be played in first position. Listen for four clicks of the metronome and 
begin the example below. 

 

 
 

 
 
 

Example 2: 

 
The following example is to be played in first-extended and first position. Listen for four clicks of 
the metronome and begin the example below. 
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Example 3: 

 
In the following example hold down the first of the bracketed fingerings until the second finger is  
in place. Listen for four clicks of the metronome and begin the example below. Next, disregard the 
indicated fingering and play the example with whatever fingering comes naturally to you. Listen 
for four clicks of the metronome and begin the example below. 

 

 
 

 
 
 
Example 4:  

 
In the following example hold down each finger until the next one is in place (with the exception of 
open strings). Listen for four clicks of the metronome and begin the example below. Next, disregard 
the indicated fingering and play the example with whatever fingering comes naturally to you. 
Listen for four clicks of the metronome and begin the example below. 
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Example 5: 

 
Listen for four clicks of the metronome and begin the example below. Note that the tempo is 
markedly slower than the others.  
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Example 6: 

 
Listen for four clicks of the metronome and begin the example below. Maintain the fingering and 
shifting pattern, and note that the tempo is markedly faster than the other exercises.  
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Please answer the following questions. You have the right to skip any questions that make you 

uncomfortable. 

 
What is your educational level? 
 

❏ Performance Major 
❏ Non-Performance Major 

❏ Freshman 
❏ Sophomore 
❏ Junior 
❏ Senior 
❏ Masters 
❏ Doctoral 

 
How many minutes did you practice the examples? 
 
 
______________________ 
 
 
Did you experience any fatigue or pain while playing the exercises in this session packet (Y/N)? 
 
 
______________________ 
 
 
If yes, please describe where you experienced any fatigue or pain and rate its severity on a scale from 
one to ten. 
 
 
__________________________________________________________________________________________ 
 
__________________________________________________________________________________________ 
 
__________________________________________________________________________________________ 
 
__________________________________________________________________________________________ 
 
__________________________________________________________________________________________ 
 
__________________________________________________________________________________________ 
 
__________________________________________________________________________________________ 
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