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Abstract

Singing voice is a special subgroup within the ield of voice. In addition to the differences in 
physiology between singing and speaking voice, singer pat ients are often regarded as a challenge 

for the otolaryngologist .

The reason for this is probably that the ield of voice has not received as much attention as 
others in our speciality.

Moreover, in the case of singers, empathy is vital in the doctor-pat ient  relat ionship, and, as in 

many other cases, it  forms part  of the therapeut ic effect . In order to achieve this, the physician 

has t o know what  singers are and which are t he main pathologies t hey suf fer,  how they are 

formed and how they are expressed.

This review of fers an overlook of  t he pathological-physiology of  singing voice f rom a double 

point of view, scientiic and artistic, which in the case of singing are inevitably linked.
© 2009 Elsevier España, S.L. All rights reserved.
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La voz cantada

Resumen

La voz cantada representa un subgrupo especial dent ro del campo de la voz. Además de carac-

terizarse por aspectos diferenciales en cuanto a la isiología, los pacientes-cantantes son con 
frecuencia un reto para los otorrinolaringólogos.

Esto es debido probablemente a que la formación especíica en nuestra especialidad en el cam-

po de la voz no ha tenido el protagonismo que han tenido ot ras áreas.

Pero además, en el caso de los cantantes, es imprescindible la existencia de una gran empat ía 

en la relación médico-paciente que aquí,  como en ot ras muchas ocasiones,  forma parte del 

efecto terapéut ico. Para lograrla, es imprescindible que el otorrinolaringólogo sepa qué es un 

cantante, cómo se forma, cómo se expresa, y qué patología le afecta.

Esta revisión pretende dar una visión general de la isiopatología de la voz cantada desde el 
doble aspecto cientíico y artístico, que, en el caso del canto, van indefectiblemente unidos.
© 2009 Elsevier España, S.L. Todos los derechos reservados.
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Introduction

The hist ory of  voice,  singing and specif ical ly t he singing 
voice can generally be approached in parallel fashion from 
either an artistic or a scientiic point of view. Today it seems 
obvious t hat  t he approach t o learning about  t he singing 
voice should include these two aspects.

In pract ice, it  is often not  like this. Consequent ly, we st ill 
ind singing teachers and singers today who prefer to know 
nothing about  how the voice works because they believe it  
can “ prej udice”  t hei r  ar t ,  and we also f ind scient i f i c 
p r of essi onal s w ho w or k  w i t h  t he si ngi ng voi ce 
(otolaryngologist s,  phoniat ricians,  and speech therapist s) 
who are completely unaware of  t he art ist ic aspect  t hat  is 
inevitably linked to the singing voice.

This review presents a view of the singing voice from both 
aspect s:  scient if ic and art ist ic,  bot h of  which we cannot  
separate when t reat ing singers at  our surgeries.

History of singing and the singing voice

Claudio Galeno was the founder of laryngology and father to 
phoniatrics and voice science. He was the irst to describe 
t he larynx wit h it s t hree main cart i lages and muscles.  He 
established that  the voice was produced in the larynx, which 
he called principal issimum organum vocis,  but  he compared 
t he larynx t o a f lut e,  t hinking t hat  t he f requency and 
int ensi t y var iat ions were produced by modi f ying t he 
narrowing of the glot t is.1

We had to wait  unt il 1741, when Antoine Ferrein described 
more accurat ely how sound in t he larynx was produced 
through the vibrat ion of vocal cords, with the chord tension 
changing to produce dif ferent  tones: we owe the term vocal 
cords to him.

From t he singing point  of  view,  knowledge about  t he 
singing voice comes from the Italian t radit ion (the so-called 
Italian singing school), which started with the birth of opera 
in the 17th century. The irst opera in history whose score is 
st ill kept  is that  of Orfeo by Claudio Monteverdi, which made 
its debut  in 1607.

In fact ,  singing was taught  in t he 17th and 18th century 
in a t ot al l y pract ical  and inst inct ive way.  The t eacher 
would t each based on example and t he st udent s would 
receive classes daily.  The t eaching met hod was made up 
f rom learning di f f erent  “ vocal  exercises”  occasional ly 
designed by each singing t eacher,  direct ed at  having t he 
abi l i t y t o carry out  what  we could cal l  “ specif ic singing 
vocal  ski l ls”  t hat  do not  exist  in t he speaking voice and 
dif ferent iate it  f rom the singing voice.  Nearly al l  of  t hem 
are st il l  now called af ter the Italian terms, such as legat o,  
st acat t o,  colorat ura,  messa di  voce,  t r ino,  etc. Speciic 
exercises exist ed (and st i l l  exist ) t o “ mast er”  each of 
them. All these “ skil ls”  are then found in music arias. This 
t eaching method has remained t o t he present  day,  and is 
t he method that  t he maj orit y of  singing teachers st i l l  use 
now. 2

But  i f  in t he hist ory of  singing and voice as a science 
there is a igure uniting scientiic and artistic aspects into 
one,  it  is wit hout  a doubt  Manuel García,  a Spanish singer 
and singing t eacher,  who explained many of  t he singing 
voice phenomena t hrough his observat ions.  Born in 1805 

and t he son of  Manuel  García,  t his Manuel  was a great , 
int ernat ional ly renowned t enor;  he was t he brot her of 
María Malibrán (also a great  singer) and Pauline Viardot  (a 
singer,  pianist  and composer).  He sang unt i l  he was 20, 
when he ret ired due t o vocal problems.  At  t he age of  24, 
he st art ed t eaching and by 1835 he was professor of  t he 
Par is Conservat ory.  In 1847 he publ ished his renowned 
Trai t é Complet  de L’ Ar t  du Chant .  He went  t o London 
dur ing t he 1848 revolut ion t oget her wi t h his st udent s, 
many of  whom were French nobi l i t y.  In 1854,  whi l e 
walking t hrough t he Tui ler ies in Par is,  he saw t he sun 
relected on the Palais Royal windows and had an idea of 
how to see the vocal cords.  He bought  a dental mirror and 
managed irst to see his own cords and then those of his 
st udent s t hr ough t he r ef l ect i on of  sunl i ght .  Thi s 
revol ut i onary i nvent i on was present ed at  t he Royal 
Societ y of  Medicine in 1855. We owe indirect  laryngoscopy 
t o him,  which revolut ionised voice problem diagnosis in 
singers. 3,4

Then in t he 20t h cent ury,  anot her  Spaniard,  Jorge 
Perel ló,  put  forward a muco-wave t heory (1962),  which 
explained vocal  cord vibrat ion. 5 This,  along wi t h t he 
hist ological  cord st ruct ure descr ipt ion carr ied out  by 
Minoru Hi rano in 1975,  al l owed us t o underst and t he 
physiology of  the voice.

Vocal-physiology technique of the singing voice

Not  everyone wi l l  become a singer,  but  we al l  have t he 
same inst rument .  The human voice can be t rained t o 
produce a sound t hat  is acoust ical ly more ef f icient  (in 
t erms of  resul t ing energy/ energy expended),  which has 
t o f i l l  a rat her large sound space wit hout  t he help of  an 
ampl i f ier. 6

At  any rate, not  everybody has the vocal inst rument  that  
allows them to be an opera singer or soloist . This rare gif t  is 
based irstly on a physiological base structure.7 Physiological 
differences are partly responsible for changes in the inal 
sound produced by the voice.

The second factor is acquiring a vocal singing technique. 
On this note, there are many professional singers who have 
experienced an import ant  change in qual it y,  volume and 
t one of  voice t hanks t o t echnique.  It  has even been 
demonst rated that  t rained singers act ivate dif ferent  brain 
areas,  which are larger as a response t o musical st imulus 
compared t o t hose of  non-singers. 8,9 Vocal  t echnique is 
t herefore a tool t hat  al lows us to achieve maximum voice 
eficiency with minimum energy expended.

Knowledge of the singing voice technique is important  to 
ot olaryngologist s,  because (as we shal l  see lat er on) it  is 
always present  t o a great er or lesser degree in any vocal 
problem that  affects a singer.

On the other hand, voice technique in the singing voice is 
based on the physiology of the components that  take part  in 
voice product ion. This is t rue despite the fact  that  singers, 
as we have previously stated,  of ten learn how to sing in a 
pract ical  way,  wit hout  real ly knowing what  happens at  a 
physiological level.

From t he physiological  point  of  view,  we could divide 
sound product ion component s int o t hree:  t he source of 
energy: breathing, the sound source for speaking and singing 
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sounds: vocal cord vibrat ion and the modiiers of that “base” 
sound: t he vocal t ract .

The vocal singing technique is based on the same principles 
as those of the speaking voice and consists of the following 
elements:

i Body posture
i Breathing
i Emission
i Resonance
i Art iculat ion

There are also three other characterist ics of the physiology 
of  t he singing voice:  Tuning,  vibrat ion and the concept  of 
vocal regist rat ion.  Below,  we shal l  brief ly describe what  
each of these aspects comprises.

Body posture

Acquiring good body posture is essent ial,  both because it  is 
direct ly related t o vocal emission and because t he public 
not  only l ist ens t o singers but  sees t hem,  ei t her at  l ive 
concerts or in the media.

Singing teachers regularly use mirrors.  Singers who have 
received technique lessons (all classical singers and quite a 
lot  of  pop singers) are consequent ly used to looking af t er 
and working on their body posture regularly.

The old st yle singing schools speak of  a singer having a 
“ noble”  post ure,  t hat  is,  erect  but  wi t hout  t ension at  
t he neck and at  t he same t ime wel l  suppor t ed on t he 
f l oor.  Today singers t rying t o achieve a cor rect  body 
post ure have included knowledge f rom ot her  schools, 
such as t he Alexander  or  Feldenkrais t echniques t hat  
speak more of  “ using t he body in mot ion”  t han a specif ic 
posit ion.

Breathing

Breathing techniques in singing have not  varied much over 
hist ory.  Non-phonet ic breat hing is made up of  act ive 
inhalat ion and passive exhalat ion. Exhalat ion becomes much 
more act ive than inhalat ion when speaking and especial ly 
when singing.

A very common mist ake among singers is t hinking t hat  
t he diaphragm is t he main muscle t hat  cont rols vocal 
emission dur ing exhalat ion.  In real i t y t he diaphragm 
relaxes during exhalat ion and t he abdominal ,  t oget her 
wit h t he internal int ercostal,  muscles are responsible for 
exhalat ion.  Breat hing during singing t r ies t o maint ain a 
speciic subglottic pressure that is enough to emit a certain 
t one and int ensit y,  but  not  t oo much t o produce damage 
through overload.10

Emission

Emission in singing refers to the larynx. The basic sound is 
produced, the same as for the speaking voice, according to 
t he myoelast i c-aerodynamic t heory by vi r t ue of  t he 
product ion known as the vocal cycle.

Vocal  t echnique pursues correct  glot t ic closure wit h a 
st abl e l ar ynx posi t i on,  whi ch i s achi eved by t he 
coordinat ion of  not  only t he ext rinsic but  also the int rinsic 

muscles. Too irm a glottic closure or a larynx that is too 
high t o sing wi l l  resul t  in a t ense and rat her inf lexible 
voice.  On t he cont rary,  a defect  in glot t ic closure wi l l 
give us an ai ry voice,  or  in singing language,  one wi t h 
l it t le support .

Correct glottic closure gives the singer a clean lexible 
voice. It  also cont ributes, together with resonance, to the 
presence in t he singing voice of  a proj ect ed sound t hat  
“ runs”  r ight  t o t he back of  concer t  hal l s wi t hout  any 
apparent  physical effort  from the singer.

Respiratory act ivit y is related to laryngeal act ivit y in one 
of  t he basic charact erist ics t hat  di f f erent iat e speaking 
voices f rom singing voices:  t he product ion of  di f f erent  
t ones and f requencies.  The increase in t one (or  t he 
emission of  high notes, in singing language) can be carried 
out  by increasing subglot t ic pressure and t hus muscle 
t ension in t he vocal  muscle ( t hi s i s how pop singers 
general ly do i t ),  or t hrough elongat ing t he vocal  cords 
(relaxing the vocal muscle and cont ract ing the cricothyroid 
muscle)11 wit h less variat ion in subglot t ic pressure.  The 
lat t er  i s t he mechanism most  used by l yr ical  singers, 
especially experienced ones. 12

Resonance

The sound produced in the larynx is similar to a buzz that  is 
very dif ferent  to the wonderful voice of some singers. This 
laryngeal sound is made up of a main tone and tones called 
harmoni cs i n musi cal  t erms or  over t ones i n Engl i sh 
literature.

Any sounding board of  any inst rument  boost s some of 
these harmonic tones and deadens others. In the case of the 
human voice, the sounding board is the supraglot t ic t ract , 
which goes from the vocal cords to the mouth (or up to the 
nose when we emit  nasal consonants).

Voice formants are precisely those harmonics or group of 
harmonics that  are boosted, which are emit ted with greater 
energy, and inally have greater intensity. There can be up 
to 6 formants in the human voice, although not  all of  them 
always appear.  It  seems t hat  t he f irst  t wo formant s (t he 
deepest )  ar e r esponsi b l e f or  vocal  def i ni t i on or 
understanding, while formants f rom the third onwards are 
related more to the vocal tone (this allows us to different iate 
dif ferent  voices).

The singer learns through technique to voluntarily change 
t he form and posi t ion of  t he mobi le component s in t he 
vocal t ract  (larynx, sof t  palate,  tongue).  The aim of  these 
changes is irstly, to achieve maximum vocal potential with 
minimum muscle effort  (with less subglot t ic pressure), that  
i s,  t o ampl i f y t he sound emi t t ed by boost ing nat ural 
resonance to the maximum. As we have previously stated, 
for this to be produced there must irstly be good breathing 
control and eficient glottic closure. Secondly, singers are 
capable of  volunt ari ly changing t heir t one.  Al t hough an 
individual might  be able to recognise Maria Callas or Elvis 
Presley in the irst line, neither of them would sing an aria 
or love-song the same way as a song speaking of  bet rayal. 
In t hese t wo cases,  t here would be a change in what  in 
singing language we call  voice “ colour”  and this is always 
up to interpretat ion. 13

In t he case of  cl assi cal  si nger s,  t her e i s anot her 
aspect  t hat  di f f erent iat es t hem f rom t he rest .  Classical 
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si nger s must  make t hemsel ves hear d  w i t hout  a 
mi cr ophone i n a r at her  l ar ge hal l  and above t he 
inst rument  t hat  accompanies t hem. 14 At  f i rst  glance,  i t  
does not  seem t hat  di f f icul t  t o compet e in volume wit h 
a gui t ar  or  a harpsichord,  but  what  happens when we 
have t o sing wit h a symphonic orchest ra? Obviously,  i f  i t  
were a quest ion of  decibel s,  i t  would be complet el y 
impossible f or  any singer t o be heard.  The t r ick is not  
in t he quant i t y but  in t he qual i t y:  a voice t hat  proj ect s 
i t sel f  or  t hat  “ passes”  or “ runs”  (in singing language), 
t hat  i s,  t hat  i s heard in t he f inal  row of  t he t heat re, 
does not  have t o be a very powerf ul  voice at  a “ shor t  
dist ance” .

Consequent ly, in singing we talk about  big or small voices 
according to the volume that  they are able to achieve over 
a short  distance (we could classify them with a sound level 
met re at  the surgery). But  all classical singers, whether they 
have big or small  voices,  must  proj ect  t heir voice if  t hey 
want  to sing in a concert  hall.15

Going back t o t echnique,  vocal proj ect ion in a singer is 
achieved through boost ing energy to around 2,500-3,000 Hz 
in the spect rogram. This boost  is given the name of  singer 
formant , and is more or less constant  in lyrical voices.16 It  is 
t his sound energy concent rat ion t hat  makes t he singer’s 
voice go over a large symphonic orchest ra17 as for example 
in Wagner operas,  in which any of  t he brass inst rument s 
have a lot  more “ volume”  than any voice in the history of 
singing. 18 This is how,  for example,  you can hear Birgi t  
Nilsson singing a Trist an and Isolda aria f rom Wagner,  and 
she can be heard perfect ly over t he orchest ra wi t h no 
apparent  ef fort .  www.yout ube.com/ wat ch?v=_mOA8pZ_
I4M

Articulation

The exist ence of  music over t ext  is what  di f ferent iat es 
singing f rom the speaking voice and the existence of  t ext  
over music is what  dif ferent iates it  from the rest  of musical 
inst ruments. In fact ,  this is what  makes singing superior to 
any ot her  ar t i st i c expression,  whet her  t heat r i cal  or 
inst rumental.

Understanding the text  in singing is therefore essent ial for 
the message to reach the listener. We have already said that  
this depends on the height of the irst two formants. These 
formants have a rather constant  f requency in each of  t he 
vocals.

However,  in lyrical voices,  and especial ly in t he soprano 
voice (t he one t hat  emit s t he highest  sounds),  a sound is 
emit t ed t hat  is in fact  higher t hat  t he f requency of  t he 
f i rst  f ormant .  This means t hat  t he lat t er cannot  exist ,  
which consequent ly produces a reduct ion in understanding 
t he t ext  because i t  is phonet ical l y impossible t o emi t  
some of  t he vocals.  For t his reason,  sopranos change t he 
dimensions of  t heir  vocal  t ract s in such a way t hat  t he 
irst formant of each phoneme rises to be above the main 
f requency. 19-21

Tuning

An aspect  t hat  does not  proper l y f orm par t  of  vocal 
technique but  that  is probably the most  essent ial to be able 
to sing is the abilit y to sing in tune or with precise emission 

of a frequency. To do this, it  is necessary to have a correct  
percept ion of sound (tone or frequency that  is heard), which 
in music is known as an ear for music, followed by a correct  
emission of the tone that  one is t rying to emit .

In realit y, this essent ial singing aspect  is only seen by the 
public in l ive music performances, as sound technicians in 
studios are current ly able to substant ially change the tuning 
of the voice recorded onto a record. This explains why some 
singers who sound fantast ically in tune on records leave a 
lot  to be desired during live shows.

Vibrato

Vibrato is a quality that  is characterist ic of the singing voice, 
especial ly in lyrical voices,  but  it  is also present  in other 
singing st yles.  It  consist s of  an oscil lat ion not  only in t he 
main t one or f requency but  in t he intensit y of  t he sound, 
pr ovi di ng a gr eat  t onal  r i chness. 22 Vi br at o can be 
characterised by two parameters:  amplitude (measured in 
hertz or oscil lat ion semitones) and frequency23 (number of 
cycles or oscillat ions per second).24 It  is developed in parallel 
to the vocal technique.25

Registers

For singers to be able to emit  al l  t he range of  sounds that  
they are capable of ,  certain adj ustments must  be made to 
the organs that  make them, to allow them to cover all the 
vocal extension.

The regist ers are dif ferent  “ areas”  in t he vocal  range 
whose t one is similar and t hat  are emit t ed wit h a similar 
“mechanism” (which is how Manuel Garcia deined them). 
However, the term “ register”  can somet imes be misleading, 
as i t  is not  always used in publ icat ions wi t h t he same 
meani ng.  These di f f erent  meani ngs depend on t he 
observat ion source from which the phenomenon is studied: 
t he singer’s own propriocept ive view (chest  voice,  head 
voice,  falset t o voice),  t hat  of  t he audit orium,  acoust ic 
(bass,  medi um or  hi gh r egi st er ) ,  or  l ar yngoscopi c 
(mechani sms I and II ar e t er ms commonl y used by 
phoniat ricians and speech therapists). Some have more of a 
bearing on the mechanism on which the larynx works, and 
some more on the resonance cavit ies and the sensat ions as 
to “ where”  the sound vibrates.26,17

With respect  to the laryngeal mechanism, dif ferences can 
be est ab l i shed  t h r ough e l ec t r ogl ot t ogr aphy  or 
videokymography, 27 which relat e vocal  signal  t o glot t ic 
cont act .  It  is t hus observed t hat ,  on going up t he scale 
through a glissando (going through all f requencies with the 
voice wit hout  int errupt ion f rom bass t o high),  t here is a 
point  where the signal amplitude is brusquely reduced. This 
corresponds to a reduct ion in cord contact  surface, which is 
the same as a thinning of the vocal cord: this inding is a 
characterist ic of  the step from mechanism I to mechanism 
II. This phenomenon does not  depend on gender or on vocal 
t raining level.28

Examination of the singer

In t he same way as in al l  ot her medical  discipl ines,  i t  is 
essent ial  for a medical hist ory t o be carried out .  Adhering 
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t o speci f i c aspect s of  t he singer ’ s hist ory,  we should 
know t hat  t he individual  usual l y comes t o consul t  on 
qui t e a speci f i c voi ce-rel at ed probl em.  The t ype of 
consul t at ions t hat  are not  unusual  are:  “ I not ice t hat  my 
voice has less shine f rom high G,  i t  is more opaque”  or 
“ when I sing Baroque music,  wit h a f lat t er voice,  I not ice 
somet hing st range in t he pace” .  In t hese cases,  inst ead 
of  st art ing t o examine t he singer wit hout  having any idea 
of  what  he or  she has said,  i t  is wort h wast ing a l i t t l e 
more t ime and encouraging t he pat ient  t o explain i t  in 
ot her  words t o t r y and underst and what  exact l y i s 
happening. 29

Anot her import ant  aspect  t hat  we have t o t ake int o 
account  is t he high level  of  anxiet y t hat  t hese pat ient s 
somet imes have when t hey come t o our surgeries.  They 
ar e consci ous t hat  t hei r  pr obl ems ar e t o a cer t ai n 
ext ent  “ di f f erent ”  t o t he rest  of  pat ient s and t hey are 
of t en af raid a pr i or i  of  not  being underst ood by t he 
doct or,  which can make sympt om descr ipt ion become 
even more di f f icul t .  It  can consequent ly be very useful 
t o use guides t o carry out  a medical  hist ory on singers 
( per haps t he most  t hor ough i s t hat  publ i shed by 
Sat alof f ). 30

Ot her t imes consult at ions do not  refer t o a problem in 
t he voice it self ,  but  t o a dif ferent  propriocept ive feel ing 
t hat  t he singer does not  recognise even t hough t hey are 
normally very precise: “I notice an inlammation behind 
t he right  cord”  or “ I not ice a lack of  support  on t he bass 
notes” .

To underst and t he det ai l ed nat ure of  t he sensory 
sympt om descr i pt i on,  one has t o under st and t hat  
singers every day,  over  years and years of  classes and 
pract i ce,  are used t o si ngi ng wi t h t wo ref erences: 
audi t ory and propr i ocept i ve.  Audi t ory ref erence or 
sel f -l ist ening is developed by educat ing t he ear t o know 
when t he sound i s cor r ect  or  not .  Pr opr i ocept i ve 
ref erence i s cont i nuousl y used i n t eachi ng si ngi ng, 
i nst ruct ing t he singer  on t he “ r i ght ”  sensat ions t hat  
accompany t he r ight  emission.  It  i s t heref ore normal 
singers,  being used t o being observed so careful ly,  are 
so precise in describing sympt oms.

In the medical history, or even bet ter before carrying out  
this history,  it  is good to go through a subj ect ive symptom 
rat ing scale (quest ionnaire on qualit y of l ife relat ing to the 
voice) as wel l  as a vocal  incapaci t y index adapt ed f or 
singers.31,32

Wit hin t he personal  hist ory,  as wel l  as asking about  
i l lnesses or previous surgery (always t aking int o account  
what  sor t  of  t r auma endot r acheal  or  nasot r acheal 
intubat ion would mean to t he vocal cords),  we should not  
stop placing an emphasis on drug use.  This is important  as 
t he side ef fect s of  a lot  of  medicat ions (ant ihist amines, 
ant i depr essant s,  i nhal ed  cor t i cost er oi ds,  ant i -
hypert ensive medicines,  cont racept ives) can af fect  t he 
voice. 33,34

The following step in consultat ion assessment  is to listen 
t o t he voice.  If  t he complaint  is in a singing voice,  t hen 
pat ients must  be heard singing so that  they can show us in 
pract ice what  is happening. Listening to what  is happening 
often helps to guide us on the problem.

A st robovideolaryngoscopy,  fundament al  in evaluat ing 
voice pathology in any pat ient ,  is even more important  in 

t he diagnost ic assessment  of  singers,  who are able t o 
symptomat ically perceive small changes (such as free edge 
i r r egul ar i t i es)  t hat  coul d not  be seen wi t hout  t hi s 
examinat ion method. In the case of  the singing voice, it  is 
also especial ly important  t o assess the pat ient s t hrough a 
f lexible f ibrescope,  as t hen we shal l  see t he larynx in a 
physiological posit ion and we can explore t he vocal t ract  
during singing.35,36

As f ar  as acoust ic analysis,  some of  t he paramet ers 
normally used in acoust ic voice assessment  (such as j it ter or 
shimmer) are not  applicable to the singing voice. In the case 
of  the lyrical voice, these values are normally found to be 
higher.37

In recent  years,  t here has been an avalanche of  work 
regarding the acoust ics of  t he singing voice.  This is part ly 
due to the existence of computers that  allow easy acoust ic 
analysis, 38 t oget her wit h videokymography development , 
funct ional magnet ic resonance, etc.19,8,9,37,27,17,21 All this new 
knowledge has convert ed t he singing voice int o a mult i-
discipl inary area where professionals f rom medicine and 
from basic sciences, together with art ists, should converge, 
which would produce a lot  more opportunit ies for creat ive 
thinking.

Pathology of the singing voice

Pr of essi onal  si nger s ar e per haps,  among t he voi ce 
professionals t hat  go t o ot olaryngologist  consul t at ions, 
t hose t hat  ar e most  af f ect ed by vocal  pr obl ems, 
al t hough t hese may only be smal l .  The t rut h is t hat  t he 
publ i c al ways expect  i nt erpret at i ons t o be per f ect , 
wi t h t he singer’ s best  voice,  but  singers are general l y 
even more demanding and perfect ionist  t han t he publ ic 
t hemsel ves.  For  t hi s r eason,  any vocal  pr obl em, 
however  smal l ,  l eads t o not  onl y vocal ,  but  al so 
psychological  consequences.

On this note, a singer’s assessment  should be individualised 
to the maximum, as the consequences of the pathology will 
be dif ferent  depending on t he musical st yle,  t he singer’s 
exper ience,  t hei r  prof essional  career,  t he moment  i t  
happens (j ust  before an important  concert ...).

Act ual l y,  we could summar ise saying t hat  t here are 
no rules t o cover a singer’s pat hology.  However,  as wel l 
as t he knowledge avai lable f rom being ot olaryngologist s, 
i t  i s essent i al  t o have great  empat hy (abi l i t y t o put  
ou r se l ves i n  t he i r  p l ace )  t o  und er st and  t hese 
pat ient s. 39

On t he ot her hand,  singers are general ly very grat eful 
pat ients, when complying with medical t reatment . We could 
t hus consider t hem as voice at hlet es.  The maj ori t y are 
singers because they are passionate about  singing, and they 
are prepared to st rict ly adhere to t heir doctor’s orders as 
long as they can cont inue singing.

Problems for which singers consul t  are general ly t he 
same as for ot her pat ient s regarding t heir voice.  There 
are some diagnoses,  such as vocal  cord microvascular 
lesions,  for example,  t hat  are more prevalent  in singers 
t han in t he general  populat ion.  However,  what  real l y 
dif ferent iat es t he vocal  pat hology in singers above al l  is 
t he impact  and repercussion t his pat hology has on t hese 
pat ient s’  l ives. 40
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On a career level, small alterat ions in voice quality that  in 
other people would hardly be not iced can be a real disaster 
in a singer that  could simply oblige them not  to work.35 Not  
being able to work also means not  only not  being able to do 
a speciic concert, but (especially for younger self-employed 
singers) cancel l i ng a concer t  could endanger  f ut ure 
cont racts.

Anot her import ant  aspect  t o t ake int o account  is t he 
l ove t hat  t he maj or i t y  of  si nger s have f or  t hei r 
profession.  Many of  t hem openly ref lect  i t  at  t he surgery: 
“ i f  I didn’ t  sing I don’ t  know what  I would do. ”  It  i s 
consequent ly underst andable t hat  any circumst ance t hat  
prevent s such a vocat ional  profession is more f rust rat ing 
f or  t hese pat i ent s t han f or  any ot her,  and t hat  t he 
anxiet y and f ear  of  not  knowing what  i s happening is 
great er in a singer t han in any ot her person who suf fers 
f rom dysphonia.

Vocal problems in a singer can basically have two origins: 

1.  Problems in technique: which we can likewise subdivide 
into two sect ions:
i  There can be an i ncor rect  base t echnique (young 

singers,  st udent s,  singers who have never received 
inst ruct ion on t echnique),  but  i t  is also possible for 
si ngers who have been cor rect l y t rai ned i n t he 
t echnical  aspect  t o develop bad habit s during t heir 
careers.  In t his way,  singing is l ike medicine;  you 
never st op learning,  and you cont inue st udying al l 
your  l i f e.  In f act ,  near l y al l  t he great est  singers 
cont inue having classes or following advice from their 
maest ros t hroughout  t hei r  career.  Thi s sect i on 
cor responds t o what  we know as bad use of  t he 

voice.

i  In second place would be problems due to vocal abuse.  
Al l  voices have a l imit ,  and when this is overdone,  it  
invariably culminates in a vocal pathology.  This l imit  
depends on two condit ions:

○  The singer’s “ Anat omical ”  condi t ions:  in t he singing 
world,  t here are singers wit h “ stainless steel”  cords, 
and others with larynges that  develop a st rain pathology 
more easily. Elastine ibre density as well as hyaluronic 
acid and col lagen in t he superf icial  lamina propria 
inluence the capacity to absorb trauma in the vocal 
cords (phonot rauma).41

○  On a t echnical  level ,  in t he singer again:  one of  t he 
things that  technique achieves is the capabilit y to sing 
without  “ overloading”  the anatomical st ructures that  
t ake part  in t he voice emission process:  laryngeal 
muscle and t he vocal cords t hemselves.  Thanks t o a 
good technique, there are singers who are able to keep 
their voices “ intact ”  for many years (as an example I 
recommend t hat  you l ist en t o t he bass Mark Reizen 
si ngi ng at  90 year s ol d  ( www. yout ube. com/
wat ch?v=B0hVOpCGAD4),  In cont rast ,  ot hers st art  t o 
develop problems at  a speci f i c moment  of  t hei r 
professional career.

2. Problems completely external to technique:
Col lat eral  i l lnesses,  infect ions,  et c. :  Here again t he 

singer’s t echnical level comes into play:  t he older singers 
are,  t he easier  i t  i s f or  t hem t o sing in unf avourable 
condit ions (having a cold, etc.) without  lesions developing 
in their vocal cords.

Therefore, vocal technique is really always present , to a 
greater or lesser extent , in any vocal problem that  affects a 
singer.

Another important  premise when facing a singer pat ient  is 
that  often a symptom or a group of symptoms are not  due to 
a single problem but  various ones. We must  therefore avoid 
the tendency of trying to ind only a single diagnosis to which 
we can blame all t he symptoms, as it  is probable that ,  for 
example,  as wel l  as a var ices,  t here may be signs of 
laryngopharyngeal  ref lux and of  vocal  over load wi t h a 
concomitant  funct ional problem.

Below we shall go through the problems that  affect  singers 
more of t en,  especial l y ref er r ing t o t hose aspect s of 
diagnoses or t reat ment s t hat  are specif ic t o t he singing 
voice.

Laryngopharyngeal relux

Laryngopharyngeal  ref lux is produced by a ret rograde 
movement  of stomach acid to the hypopharynx. It  a problem 
in t he upper oesophageal  sphinct er t hat  is di f f erent  t o 
gast roesophageal  ref lux,  whose or igin is in t he lower 
oesophageal sphincter.

The symptoms t hat  pat ient s general ly refer t o include: 
dysphonia,  sensat ion of  a f oreign body in t he t hroat , 
presence of  phlegm and a chronic cough.  It  is calculat ed 
that  only 35% have dyspepsia symptoms.39

In the case of singers, they can also report  a loss of voice 
extension (especially with the loss of high notes), a change 
in tone that  can be expressed as loss of  “ crystal”  or voice 
opaqueness,  vocal  f at i gue and t he presence of  non-
cont rollable t rills and breaks, with an inability to sing legato 
(that  is, without  interrupt ions in the sound).42

The appearance of symptoms is usually gradual, although 
t hey can appear more or less suddenly af t er a cold or a 
period of great  vocal act ivity.

Si nger s may onl y have dysphoni a;  i t  w i l l  be t he 
ot olaryngologist  who wi l l  speci f ical ly ask for any ot her 
symptoms, which can also be assessed by a self-administered 
quest ionnaire43 (validated in English).

Endoscopic indings of retrocrycoid and arytenoid oedema, 
vocal  cord oedema,  int eraryt enoid pachydermia,  t he 
presence of mucous and pseudosulcus can also be object ively 
assessed t hrough a rat ing t hat  has shown high int ra- and 
inter-observer reproducibilit y.44,45

The 24 hr dual channel pH-metry/ manometry is considered 
by many as t he fundamental t est  for diagnosis.  However, 
r esponse t o i nhi bi t or s i n t he prot on pump wi t h an 
improvement  of  signs and sympt oms i s considered a 
diagnost ic test .

For  t he purpose of  t reat ment ,  diet ary changes are 
recommended t hat  include avoiding alcohol abuse,  fat t y 
foods, chocolate, caffeine, izzy drinks and spicy foods, 
which f avour st omach acid product ion.  The st omach’s 
own di st ensi on al so f avour s t he i ncr ease i n aci d 
product ion,  so i t  i s convenient  t o space out  t he diet , 
avoiding t he supine posi t ion and increase in abdominal 
p r essur e f or  2 hour s af t er  eat i ng. 46 Si nger s ar e 
recommended not  t o sing j ust  af t er  eat ing due t o t he 
i ncrease i n i nt ra-abdomi nal  pressure.  Prot on pump 
inhibit ors should also be prescribed in high doses twice a 
day f or  at  l east  6 mont hs47;  ant i -H2 ant i hi st ami nes 



The singing voice 447

(rani t idine 300 mg) can be added at  night  in case of 
persist ent  night  ref l ux sympt oms (dyspepsia or  night  
cough) or morning dysphonia.

If  t he pat ient  does not  respond t o t reat ment ,  t he 
individual should be sent  to the gast roenterology and general 
surgery department  to assess surgical t reatment  (endoscopic 
fundoplicat ion).

Muscle tension dysphonia

Muscle tension dysphonia (MTD) can be considered to be a 
form of bad use of or vocal abuse as is characterised by the 
excessi ve use of  muscl e ef f or t  t o produce a voi ce, 
consequent ly producing a tense voice.

In the majority of MTD cases, it  is not  an isolated diagnosis, 
but  it  accompanies other concomitants,  such as laryngit is 
through laryngopharyngeal relux, nodules, polyps, cysts, 
et c.  In al l  t hese cases MTD consist s of  t he compensat ing 
factor of another problem.

Another aspect  to take into account  is that  we somet imes 
can ind MTD patterns without dysphonia48,49;  therefore, we 
must  be careful in giving a diagnosis such as this to a singer, 
as here we are talking about  his vocal technique, that  is to 
say, that  his singing style is wrong.

Theref ore,  on f inding a MTD pat t ern in a singer,  we 
shoul d do t wo t hi ngs:  f i r st l y:  car r y out  a t horough 
assessment  t hat  rules out  t he presence of  ot her fact ors 
t hat  could be cont ribut ing t o dysphonia;  secondly,  make 
t he singer see t hat  al t hough at  t he moment  t his is not  
t he mai n dysphoni a cause (or  even i f  t her e i s no 
dysphoni a now ) ,  t he hyper f unc t i onal  l ar yngeal 
mechanism wi l l  probabl y end up t urning int o a vocal 
problem.

Wi t h regards t o t reat ment ,  i n t he case of  singing, 
rehabi l i t at ion vocal  t reat ment  means a change in vocal 
t echnique,  al t hough somet imes what  is incorrect  is t he 
speaking t echnique,  not  t hat  of  t he singing voice.  Singers 
f requent ly spend many hours of  t heir  l i f e dedicat ed t o 
t hei r  singing voice t echnique and f ew t o t he speaking 
one.  In any case,  t he best  way is t o make singers see t hat  
part  of  t hei r  problems could be a consequence of  t his 
f act ,  and t hey are general ly t he ones who know bet t er 
t han anyone else that  t he main cause is t he way they sing. 
In t his case,  t hey must  be sent  t o t heir singing t eacher or 
i t  might  even be suggest ed t hat  t hey change t eachers.  If  
i t  is due t o speaking,  t hen we can recommend speech 
t herapy. 50

In cases where MTD is a consequence of  a compensatory 
mechanism, the underlying cause must  be corrected.

Laryngeal paralysis

In recent  years more at tent ion has been paid to laryngeal 
paralysis as a possible cause of dysphonia.

The symptoms through which paresis can manifest  are the 
need for a greater vocal effort ,  vocal fat igue, diplophonia, 
odynophonia and l oss of  t he vocal  range and voi ce 
dynamics.

Endoscopic indings range from hypomobility or bending of 
one or bot h vocal  cords t o t here being a laryngeal  axis 
rot at ion. 51,52 A MTD compensat ory pat t ern can be found 
because of a defect ive glot t ic closure.

Bef or e di agnosi ng l ar yngeal  par esi s,  and bef or e 
r ecommendi ng t r eat ment  (especi al l y i n a si nger ) , 
conirmation of the diagnosis by laryngeal electromyography 
should be evaluated,53 as small asymmet ries are described 
i n ar yt enoi d mobi l i t y t hat  do not  cor r espond t o 
paralysis.54-56

A subgroup especial ly relevant  t o t he singing voice is 
upper laryngeal  nerve paresis.  Af fect at ion of  t his nerve 
of t en produces no appreciable sympt oms in t he spoken 
voice,  but  in a singer t his t ranslat es int o loss of  vocal 
ext ension at  t he expense of  t he high regist er,  which can 
be dramat ic.  In t hese cases,  as wel l  as recommending 
vocal  re-educat ion,  one must  al so assess whet her  t o 
r ecommend t hat  t he si nger  t o change hi s or  her 
repert oire.  Laryngeal  elect romyography can also give us 
i mpor t ant  pr ognost i c i nf or mat i on on r esol vi ng t he 
paresis.

Vocal nodules

Nodules const i t ut e t he most  f requent  common lesion in 
vocal  cords.  If  condit ions of  f ree edge pre-oedema (also 
cal led vocal  overload, 57 pseudocyst  or fusiform oedema) 
are i ncl uded i n vocal  nodul es,  t hen t hese are al so 
f requent  in singers.  The appearance of  t hese l esions 
general ly occurs during a t ime wi t h t he great est  work, 
w i t h l ot s of  r ehear sal s and concer t s w i t hout  r est  
periods.

The symptoms generally produced in the singing voice are 
hoarseness, presence of air in the voice, vocal fat igue and 
loss of vocal range.

In t he st roboscopy,  we can see a bulge on t he bilat eral 
f ree edge,  quit e symmet rical bet ween t he ant erior t hird 
and half  of  both vocal cords,  which produces an hourglass 
defect in the glottic closure. Laryngopharyngeal relux signs 
or a MTD are frequent ly associated.

Ini t ial  t reat ment  should always be advice on vocal 
hygiene, 58 including t he recommendat ion t o warm up t he 
voice59 (which is not  common,  especial ly in pop singers). 
These recommendat ions on t hei r  own can make smal l 
oedemas disappear. A short  cycle of oral cort icosteroids can 
also be given.

Changes in vocal technique can be assessed according to 
t he age of  t he lesions.  If  i t  is deduced t hrough medical 
history that  the lesion was produced by vocal abuse (excess 
work of  t he singing voice,  which is common in musical 
t heat re singers,  for example,  or in pop singers whi le on 
tour).  We must  emphasise the need for a vocal rest  to the 
patient. Many singers think that they can sing indeinitely, 
while others are obliged by their cont racts to sing for several 
hours a day without  rest .  In all these cases, we must  make 
our pat ient s see t hat  singers are l ike at hlet es,  t hat  t hey 
need periods of rest  so that  the anatomical st ructures that  
take part  in vocal product ion can recover, and if  they do not  
do so t hen t here is l i t t le chance t hat  t hey wil l  be able t o 
cont inue singing on a medium to long term basis.

A very import ant  aspect  t o bear  in mind in singers, 
especially in pop singers, is that  an endoscopic nodule image 
can st il l persist  even though dysphonia has disappeared. In 
this case, it  must  be remembered that  t reatment  is always 
based on symptoms and funct ion, not  on the presence of the 
lesion.
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If there is a need for surgical t reatment  (lack of response 
to drug t reatment ), it  should be as conservat ive as possible 
in preserving t he super f i cial  l amina propr ia t o avoid 
scarring.

Vocal polyps

Polyps are unilateral lesions that  usually present  with t he 
same symptoms as nodules, with the addit ion of diplophonia. 
St roboscopical l y,  t hey can cause an asymmet ry in t he 
vibrat ion by a dif ferent  mass in t he cords together wit h a 
closure defect  (of  t he same type as in the nodules).  Small 
polyps (pseudocyst s,  uni lat eral  f usi f orm oedemas) are 
f requent ly found in singers;  faced wit h t he condit ion,  we 
should init ially carry out  the same recommendat ions as for 
nodules. However,  in this case it  is best  to warn the singer 
from the start  that  he or she will probably require surgical 
t reatment .

Vocal cysts

Int racordal cysts can be congenital (epidermoid) or acquired 
(mucous). The present ing symptoms are usually the same as 
for polyps.

In the st roboscopic examinat ion, there will be asymmetry 
in the vibrat ion with greater rigidity and a reduct ion in the 
amplitude of the mucous wave in the affected vocal cords. 
St roboscopy of t en gives us only a clue in suspect ing an 
int racordal cyst  and we have to put  the pat ient  to sleep to 
explore the larynx under general anaesthetic and conirm 
the existence of the lesion.

The t reatment  of these lesions is always surgical through 
cordotomy and cyst  removal, taking into account  that  there 
can be associat ed fact ors t hat  require anot her t ype of 
approach (ref lux,  MTD).  In addit ion,  whet her t o perform 
laryngeal  phonomicrosurgery or  not  should always be 
decided considering the funct ional vocal result ,  especially 
in the case of singers, by explaining in detail the risks that  
scarring represents to vocal product ion.60

Scarring and sulcus

Scarring is the replacement of normal tissue by ibrous tissue 
t hat  can occur due t o di f ferent  reasons:  inf lammat ion, 
cancer or iat rogenic. Sulcus can be the congenital absence 
of the supericial lamina propria in the case of type II sulcus, 
or  st ret ch marks or  t he scar  produced by opening an 
int racordal  cyst  in t he case of  t ype III sulcus.  They are 
t heref ore l esions t hat  physiopat halogical l y can have 
di f f erent  or igins,  but  f unct ional l y behave in a simi lar 
manner.

The mechanism by which these lesions cause dysphonia is 
two-fold:  on the one hand, t hey produce a glot t ic closure 
defect  and,  on t he ot her,  an absence of  vibrat ion in t he 
vocal cord area where they are located.

Theref ore,  t he sever i t y of  t he sympt oms t hat  t hey 
produce depends on lesion ext ension and locat ion in t he 
vocal cords (for example,  a lesion on the f ree edge would 
be far more symptomat ic t han one on the upper surface). 
It  is consequent ly not  rare t o f ind singers wi t h a smal l 
sulcus that  does not  prevent  them from carrying out  t heir 
j ob.

The best  scarring t reatment  is prevent ion. It  is best  to be 
conservat ive,  especial ly wit h singers,  when carrying out  
laryngeal phonomicrosurgery, by preserving the supericial 
lamina propria to the maximum.

Rehabilitat ion t reatment  is always init ially recommended 
to improve vocal eficiency and try and free the scarred 
t i ssue.  I f  sur gi cal  t r eat ment  i s consi der ed af t er 
rehabil it at ion, the pat ient ’s funct ional assessment  is even 
more important  in t his case,  explaining expectat ions on a 
vocal level.61

Microvascular lesions. Vocal haemorrhage

The term microvascular lesion refers to two types of lesions 
on the vocal cords: varices (longitudinal vascular dilat ions) 
and ectasias (which have a round aspect ).  Both are more 
f requent  in singers than in t he general populat ion.  This is 
perhaps due,  on t he one hand,  t o t he great er f requency 
wi t h which singers go t o ot olaryngologist  and,  on t he 
ot her,  t o t he mechanism t hat  produces t hese lesions, 
vocal  abuse.  They are al so more f requent  in f emales 
t han mal es,  whi ch i s probabl y rel at ed t o hormonal 
fact ors. 62-64

The maj ori t y of  pat ient s wit h microvascular lesions in 
their vocal cords are asymptomat ic Somet imes the varices 
or ect asias can be very large or be at  t he f ree edge and 
al t er t he vocal  cord’  vibrat ion,  which can be seen in a 
singer as hoarseness, reduct ion in the vocal range or vocal 
f at i gue.  In t hese cases,  ant i - r ef l ux t r eat ment  i s 
recommended ini t i al l y,  t oget her  wi t h vocal  hygiene 
measures and assessment  of  a vocal t echnique change t o 
minimise t he t rauma in t he cords dur ing singing and 
speaking. If  the symptoms persist ,  then surgical removal of 
the lesion must  be considered.

However,  t he most  common surgical  recommendat ion 
for t hese lesions is recurrent  vocal  haemorrhage,  which 
is a t rue cat ast rophe in a singer.  Vocal  haemorrhage is 
produced by a phonot rauma65 and has a very characterist ic 
present at ion:  af t er a period of  int ense vocal act ivit y and 
f requent ly due t o an infect ion in t he upper respirat ory 
t ract s,  general ly whi le t he singer is singing,  t here is a 
sudden change in t he voice,  which ranges f rom sl ight  
dysphonia t o complet e dysphonia.  Singers are great er 
r i sk i f  t hey are t aking NSAIDs and especial l y aspi r in. 
General ly singers go t o t he surgery quickly wit h serious 
sympt oms,  so we can normal ly see t he haemorrhage wit h 
an endoscopic explorat ion.

Upon f inding a vocal  haemorrhage,  st r ict  rest  f or  at  
least  a week should be prescr ibed f or  a singing voice, 
also reducing t he speaking voice t o t he maximum.  The 
use of corticosteroids has not been shown to be eficient in 
accelerat ing haematoma absorpt ion. In the case of a tension 
haematoma that  does not  improve after a few days of vocal 
rest ,  i t s removal  t hrough a cordot omy under  general 
anaesthet ic may be considered.66

With regards to microvascular lesion removal, this can be 
carried out  wit h a cold inst rument  or by coagulat ing t he 
vessel with laser or bipolar tweezers.67

With respect  to the general t reatment  of vocal pathology 
in singers, we have already ment ioned that  they are normally 
good at  car rying out  prescr ibed t reat ment ,  not  onl y 
regarding oral  hygiene but  also wi t h drug t reat ment s. 
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However,  in t he case of  surgery,  singers general ly bel ieve 
that  if  they undergoe surgical t reatment  on the larynx, their 
voice wi l l  never be t he same.  This can mean t hat  some 
singers actual ly end their careers prematurely due to t he 
fear of  losing t heir voice. 68 When informing our singer-
pat ients, we should be clear that  surgery correct ly indicated 
in t he f irst  place and correct ly performed in t he second 
place,  t oget her wit h proper fol low-up and rehabil i t at ion 
after surgery in the third place, leads to pat ients recovering 
their previous voice in the maj ority of cases.

Conclusion

Singing is a synt hesis of  var ious aspect s:  anat omical , 
physiological,  aesthet ic,  acoust ical,  psychological,  and so 
on.  Al l  of  t hese are present  in t he singing voice,  and 

knowledge about  them on the part  of otolaryngologists who 
see singers every day in t heir surgeries wil l  improve t he 
at tent ion to these pat ients.

In addit ion, there are two things we can do to broaden our 
knowledge in this ield and better understand the pathology. 
The irst is to receive some lessons on vocal technique, to 
experience irst-hand, at least once, the voice physiology 
that  we have studied so many t imes.

The second is to go to live concerts; I recommend seeing 
good lyrical art ist s above all.  Listening to vocal music wil l 
help us t o educat e our ear t o lat er int erpret  t he smal l 
deviat ions from normality in the voices heard at  our surgery. 
Listening will also help us to develop a bet ter understanding 
of  singers with their peculiarit ies and love for the art  that  
they do. These are essent ial requirements not  only to do our 
j ob bet t er,  but  also t o t ransmit  singers a t rust  based on 
knowledge and on respect  for their j ob.
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