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Chapter 9. Vesalius on voice production

Introduction
Voice production relies on the integrated functioning of a three-part system: respira-
tion, phonation and resonance, and articulation [1]. The respiratory system produces
the airflow that is made to vibrate by passing the laryngeal vocal cords. The audibil-
ity of the resulting sound is increased in various supraglottic structures of resonance,
while the sound is further modified by the articulatory structures to produce words.
The anatomy and physiology of the larynx, or voice box, allows for its central func-
tion in this production process. The three unpaired and four paired cartilages of the
larynx allow for well-protected and unrestricted respiration on the one hand, and
sound production and modification on the other. The five paired and one unpaired
intrinsic muscles within the larynx jointly adduct (close) or abduct (open) the vo-
cal cords to produce sound or allow optimal respiration, respectively. Eight pairs
of extrinsic muscles connect the hyoid and larynx to various structures outside of
the larynx and move the larynx relatively to the trachea and pharynx. This allows
modification of pitch, volume, and articulation of the sound the voice box produces.
The intrinsic and extrinsic muscles are innervated by various branches of the vagus,
glossopharyngeus, trigeminus, and facial cranial nerves, and the upper three cervical
nerves [2]. Together with the combined parts of the airway, the lungs allow for the
airflow necessary for the production of sound. Parts and extensions of the supraglot-
tic airway additionally function as structures of resonance or articulation.

The eyewitness report of a spectacular dissection of the voice box anatomy by Vesal-
ius in 1540 [3] inspired us to search Vesalius’ masterpiece De Humani Corporis Fabrica
Libri Septum for reference to the anatomy or physiology of the voice-producing struc-
tures. We report on his near-complete recordings of these structures in this chapter.

Materials and Methods
The text of Vesalius’ Books I – The Bones and Cartilages, II - The Ligaments and Mus-
cles, IV – The nerves, and VI – The Heart and Associated Organs of De Fabrica and the
entire text of Heseler’s eyewitness report of the public dissection of three corpses by
Vesalius in Bologna, Italy, in 1540, were searched for references to the voice produc-
ing structures and their function. For this inventory we used the digital copy of the
first print of De Fabrica (1543) [4] and its English translation provided by Richardson
and Carman,[5-8] while we used Heseler’s original text and its English translation
as presented by Eriksson [3]. In contemporary Galenic fashion Vesalius categorized
muscles according to their function and numbered them, rather than named them.
Therefore, we identified the muscles by their current name on the base of their de-
scription provided by Vesalius.
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Chapter 9. Vesalius on voice production

TABLE 9.1: Pulmonary and laryngeal structures currently distinguished com-
pared to those recognized by Vesalius, along with the references to their main
description in Vesalius’ original Latin text in De Fabrica of 1543 and in the En-

glish translation provided by Richardson and Carman, in 1999.

Modern name Vesalius’ terminology De Fabrica Richardson and Carman

Lungs Lung p. 580-583 VI; Ch. VII: p. 57-65*
Trachea Rough artery p. 573-578 VI; Ch. IV: p. 37-45
Hyoid Hyoid bone p. 55-56 I; Ch. XIII: p. 132-136
Thyroid First laryngeal cartilage p. 153 I; Ch. XXXVIII: p. 364
Cricoid Second laryngeal cartilage p. 153-154 I; Ch. XXXVIII: p. 364-365
Epiglottis Lid of the larynx p. 154-155 I; Ch. XXXVIII: p. 366
Arytenoids
(paired)

Third laryngeal cartilage p. 154 I; Ch. XXXVIII: p. 365-366

Corniculae
(paired)

Third laryngeal cartilage p. 154 I; Ch. XXXVIII: p. 365-366

Cuneiforme
(paired)

Not mentioned N/A N/A

Triticea (paired) Not mentioned N/A N/A
Glottis Cleft of the larynx (also:

glottis)
p. 577-578 VI; Ch. IV: p. 45

Epiglottis Lid of the larynx (also:
epiglottis)

p. 578 VI; Ch. IV: p. 45

*Richardson and Carman VI; Ch. VII: p. 57-65 refers to their Volume VI; Chapter VII: pages 57
to 65

Results

On the morphology and function of respiratory structures
Vesalius recorded in detail the morphology of all skeletal and muscular structures rel-
evant to produce the airflow needed for phonation. His records were illustrated by
many exquisitely detailed woodcut prints that were anonymously made of the orig-
inal drawings of his fellow landsman Jan van Calcar and probably other co-workers
of the Italian painter Titian [9]. He used the contemporary name rough artery to refer
to the trachea (Table 9.1). He explained this use by noting that “the one whose structure
I am about to describe was originally called an artery by the ancient Greeks for the simple rea-
son that it contains air. Later, however, the vessels conveying vital spirit and blood propelled
by the pulse, being no longer regarded as veins, came to be called arteries; they were described
as the smooth arteries, and the one we are now concerned with was called the rough artery
because of the unevenness of its substance. It is still called the rough artery today” (quote on
p. 37) [8].
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Chapter 9. Vesalius on voice production

FIGURE 9.1: Illustrations of the rough artery, or trachea, as provided in Book I
of the first print of Vesalius’ De Humani Corporis Fabrica Libri Septum that was
published in 1543. The left figure ‘portrays the whole of the rough artery from the
front, separated from all surrounding parts,’ whereas the right figure ‘delineates
the trunk of the rough artery from the rear. It would have been pointless to include
in this figure [as on the left] a representation of the array of branches which stretch
into the substance of the lung, as they are sufficiently delineated [in the left figure]’

(quote on p. 361) [5].
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Chapter 9. Vesalius on voice production

Regarding the function of the trachea and the rationale of its structure and position (Figure
9.1), Vesalius recorded that “the rough artery contains no blood at all; its primary function
for the animal is in respiration ..[..].. and it is also easily the most important organ of the
voice. The whole of its fabric is congruent with these functions. Air drawn in through the
nose or mouth is conveyed by it from the throat straight downwards to the lung and is then
distributed throughout the body of the lung by its numerous offshoots. So that the substance
of the lung may promptly transform it and render it suitable for the tasks performed by the
heart” (quote on p. 43) [8]. Vesalius likewise explained the function of the lung and
rationale of its structure as follows: “furthermore, Nature wanted very many animals to
breath ..[..].. also to produce a voice, for this would make a useful contribution to the animal’s
life: what comes out of the lung when we exhale provides the prime material of the voice”
(quote on p. 61) [8].

To explain why cartilage is part of the structure of the rough artery, Vesalius further noted
on the functional anatomy of the trachea that: “the [rough] artery has also many carti-
lages, and this is so that it can be an organ, not merely of respiration, but also of the voice. If
the rough artery were to be suitable for respiration it would have to be made membranous like
the smooth arteries, whereas for the purpose of the voice it would have to be broad, rigid and
hard like pipes, flutes and horns. For a voice to be produced there must be a certain symmetry,
along with air pressure and a solid substance that the air strikes against. Cartilage is such
a substance, and the whole artery would have had to be formed from it, with no ligaments
or membranes, just like a flute. But since there could be no voice without inhalation and ex-
halation, and since these require compression and distension, we must shower praises upon
the brilliance of the world’s almighty Creator, who contrived in the rough artery an organ
that is accommodated both to respiration and to the voice. Furthermore, his brilliance in the
construction of the larynx is apparent in that it can be closed a little or a lot, so that we can
from time to time and at our whim hold our breath for various important functions and can
produce sound that is low or high according as we narrow or relaxed the cleft” (quote on p.
45) [8].

On the morphology and function of the voice box
Vesalius recorded in detail the morphology of all cartilaginous parts of the larynx
except the corniculate, triticea, and cuneiforme cartilages (Table 9.1). Judging by the
illustrations he provided, Vesalius noted the corniculate cartilages at the superior as-
pect of the arytenoid cartilages but, apparently, did not recognize these as separate
structures (Figure 9.2). They were first mentioned separately by Giovanni Domenico
Santorini (1681 – 1737), in 1724. Vesalius may easily have failed to see the triticea car-
tilages at the posterior aspect of the lateral thyrohyoid ligaments as these are absent in
42 to 70 per cent of cases, [10] whereas the cuneiforme cartilages have probably not
been recorded before Giovanni Battista Morgagni (1682 – 1771) [11]. Furthermore,
Vesalius extensively described the hyoid bone that he felt to exist of different parts:
“lodged in the most prominent part of the larynx, the hyoid bone is composed of a number of
ossicles of different shapes, al comprehended under one name” (quote on p. 133) [5].
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Chapter 9. Vesalius on voice production

Under a subheading nature of the inner surface of the rough artery, Vesalius expanded
on the functional anatomy of the larynx (Figure 9.3): “Although the inner surface of
the rough artery is rendered uneven by swellings caused by the cartilage, it is smooth and
covered by a sort of oily liquid, and there are no fibrous outgrowths to make it rough. So far
as smoothness is concerned, the inner surface of the larynx is similar, but it is not circular
or rounded or without swellings. At its lowest part, however much it is narrowed or opened,
it always forms an exact circle and is open to the same extent, and this is because of the
open circle formed by the second cartilage. In its middle region it closes completely when
it is tensed; it then resembles, not the circle of a closed orifice, but a straight line or cleft
extending from front to back. If this line is spread open it will become gradually broader from
front to back until the whole inner surface of the larynx becomes rounded like the inside of
a cylinder. When this cleft narrows and closes, the lower part of the larynx, formed by the
second cartilage, cannot but remain rounded and circular; and on each side of the cleft can
be seen a pit, rising somewhat above the surface of the cleft, from which also here the horned
surface rises under the cleft. The surface of the larynx that stands above the cleft takes different
shapes according as the cleft opens or shuts; it is never perfectly circular but is more or less

TABLE 9.2: Intrinsic laryngeal muscles currently distinguished compared to
those recognized by Vesalius, along with the references to their main descrip-
tion in Vesalius’ original Latin text in De Fabrica of 1543 and in the English

translation provided by Richardson and Carman, in 1999.

Modern name Vesalius’ terminology De Fabrica Richardson and Carman

Cricothyroid
muscle; transverse
and oblique part

1st and 2nd pair of the
intrinsic laryngeal
muscles

p. 258-259 II; Ch. XXI: p. 207-208*

Posterior
cricoarytenoid
muscle

3rd pair of the intrinsic
laryngeal muscles

p. 259 II; Ch. XXI: p. 208-209

Lateral
cricoarytenoid
muscle

4th pair of the intrinsic
laryngeal muscles

p. 259 II; Ch. XXI: p. 208-209

Thyroarytenoid
muscle (also:
vocalis muscle)

5th pair of the intrinsic
laryngeal muscles

p. 259 II; Ch. XXI: p. 209

Oblique
(inter)arytenoid
muscle

6th pair of the intrinsic
laryngeal muscles

p. 259 II; Ch. XXI: p. 209

Transverse
(inter)arytenoid
muscle (unpaired)

6th pair of the intrinsic
laryngeal muscles

p. 259 II; Ch. XXI: p. 209

*Richardson and Carman II; Ch. XXI: p. 207-208 refers to their Volume II; Chapter XII: pages
207 to 208
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Chapter 9. Vesalius on voice production

narrowed from back to front in proportion to the compression of the cleft” (quote on page
40) [8].

Regarding the glottis Vesalius noted that “the cleft of the larynx is the primary instru-
ment of the voice. We described it earlier as resembling the conjunct strips of reed used by
musicians, and it resembles also the cleft in the pipes that we encircle with our lips. ..[..].. But
the larynx is far more brilliantly designed than any flute. It has been constructed in such a
way that we can relax it to a greater or lesser degree, thus producing, not just one voice (like
man-made instruments) but many different ones; and our thorax is endowed with a faculty by
which we may, at our whim, send out more or less air, either when we are merely breathing,
or so that there may be enough air when we breathe out to produce at the same time whatever
voice we wish” (quote on page 45) [8].

He recognized and properly described all of the six intrinsic laryngeal muscles al-
though he failed to differentiate between the unpaired transverse and the paired
oblique arytenoid muscles (Table 9.2). This may be explained by the closeness of
these muscles which share their origin and insertion. Their orientation of fibers, fur-
thermore, may not easily be distinguished in the cadaver.

FIGURE 9.2: Vesalius’ illustrations of the laryngeal cartilages as provided in
Book I of De Fabrica showing the three laryngeal cartilages thyroid (tertius -
V), cricoid (VI – VII), and and arytenoid (IX – XI), as well as the epiglottis (XII
– XIII) and the ‘remaining cartilages of the rough artery, which by and large resemble
the shape of our letter C’ (XIIII – XV) (quote on p. 152). His figures IX, X, and
XI show that he noted the corniculate cartilages at the superior aspect of the
arytenoid cartilages (on both sides of his mark ‘z’) even though he did not
recognize that these were separate structures. These cartilages made this ‘area
of third cartilage resembling the part of a jug or vessel by which we pour out water for

those who want to wash their hands’ (quote on p. 363) [5].
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Chapter 9. Vesalius on voice production

On the function of the intrinsic muscles for the relaxation of the larynx to a greater
or lesser degree, Vesalius noted: “thus of the twelve muscles intrinsic to the larynx, eight
close the larynx (namely the four that join the first to the second, the two that link the third
to the first and the two in the base of the third cartilage), while four open it (namely those
that join the third to the second)” (quote on page 210) [6]. He furthermore explicitly
recorded the importance of the intrinsic muscles for the production of voice when he
recorded that “since the larynx is constructed of several cartilages so that it can open and
close as required, and since it is necessary that, for the purpose of holding the breath or using
the voice, we be able to move it voluntarily and at our own whim, therefore Nature rightly
endowed it with muscles to move the cartilage. Some of these muscles belong solely to the
larynx, some it shares with other parts of the body. ..[..].. I shall describe them along with the
others in order, beginning with the intrinsic ones, which were all designed by the Creator of
the world to open and close the glottis of the larynx” (quote on p. 207) [6]. He taught the
same during his public demonstrations “When, he said, this divided membrane is pressed
together by the muscles of the larynx into which the nervi reversivi are inserted, then there is
formed a small fissure through which the air issues as through a narrow passage and a fine
sound is effected, by which the speech and the voice are distinguished, and that is properly
called the vocal cords” (quote on p. 285) [3].

Additionally to the intrinsic laryngeal muscles, Vesalius recognized all extrinsic la-
ryngeal muscles (Table 9.3 and Figure 9.4). Regarding their relation to the hyoid he
remarked that “since the hyoid bone is not as firmly based as are other bones, we shall relate
in Book 2 that its own special muscles hold it in position by keeping tension on it in various
directions, and that as a result it cannot readily be displaced to the sides, upward, downward,
forward, or backward. And though in humans it is so small yet it has a large number of very
important functions, which will be described when we reveal that a number of muscles of the
tongue grow forth from it, that it forms a firm base and foundation for the tongue, and that it
gives origin to certain muscles of the larynx” (quote on p. 134-135) [5]. Again, Vesalius
explicitly recorded the importance of these muscles for the production of voice when
he noted that “the other muscles, which we call shared, produce the two movements by which
the air passage or glottis is broadened or constricted. ..[..].. The two muscles that we have just
listed pull the sides of the first cartilage backward and draw it toward the second in such a
way as also to close the larynx or glottis. Those which come forth from the hyoid bone, and
which pull the first cartilage upward away from the ones behind, dilate the larynx. The mus-
cles that arise from the breast bone and are inserted into the first cartilage have the opposite
function: they contract the lower parts of the first cartilage and draw them downward, thus
also somewhat contracting and constricting the rough artery lest, when the person uses their
voice, anything be expanded or broaden too far” (quote on p. 210-211) [6].

Vesalius addressed the issues on the function of the lid of the larynx [the epiglottis] as:
“many assert, wrongly, that the lid is the proper and principal organ of the voice, when in fact
it makes no contribution (beyond, perhaps, a degree of modulation) to the voice and merely
prevents food and drink from dropping into the larynx when we eat, as we pointed out in
Book I. What we have established by genuine dissection, namely that the lid does nothing for

106



Chapter 9. Vesalius on voice production

FIGURE 9.3: Vesalius’ detailed illustrations of parts of the larynx in Book II of
De Fabrica. He remarked that ‘as it was impossible to show all the laryngeal mus-
cles in the series of full-length muscle figures at the beginning of this book, I thought
it would not be inappropriate to show them individually in the following group of
illustrations at the beginning of this chapter’ (quote on p. ) [6]. He extensively
reported how the tissues were dissected to obtain these views prima through
XIII, in which the lettering represents the hyoid bone (A-E), the first cartilage or
thyroid (T,g,h), the second cartilage or cricoid (S,i,k), the third cartilage or cornic-
ulate and arytenoid cartilage (l), the glottis (c,d), the lid of the larynx or epiglot-
tis (L), two muscles unknown to the professors of anatomy or epiglottic ligaments
(K), the oesophagus (H), the thyrohyoid muscle (F), sternohyoid muscle (G),
and inferior pharyngeal constrictor muscle (I), the glands attached to the root of
the larynx or thyroid glands (M), the transverse and oblique cricothyroid mus-
cles (N,O), the posterior (P) and lateral (R) cricoarytenoid muscles, the seat
of the muscle resembling P (Q), and the oblique and transverse (inter)arytenoid

muscles (V) and thyroarytenoid muscles (a,b).
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Chapter 9. Vesalius on voice production

FIGURE 9.4: Detail of one of Vesalius’ famous muscle-men (Tabula V) por-
trayed in Book 2 of De Fabrica showing the hyoid (L), the thyroid (N), the rough
artery or trachea (Q), and the thyrohyoid (O), sternothyroid (P), omohyoid (R),

and digastric (H,I) extrinsic laryngeal muscles.

the voice, should have been apparent to the rest by a process of deduction, since no muscle
moving the lid had been found by them. The only muscles that move it are those that, as we
described, come from the hyoid bone and insert into it: all the other muscles of the larynx
without exception serve to open and close the cleft” (quote on p. 46) [8].

On the innervation of the larynx
Even though Vesalius’ drawings accurately depict all twelve cranial nerves at the
base of the skull, he numbered them I to VII [12]. He considered the oculomotorius,
trochlearis and abducens nerves jointly as cerebral nerve III, the facialis and vestibu-
locochlearis nerves as nerve V, the vagus and accessory nerves as nerve VI, and the
hypoglossus nerve and part of the glossopharyngeal nerve as VII (Table 9.4 and Fig-
ure 9.5) [13]. On the innervation of the intrinsic laryngeal muscles by his sixth pair
(our vagus and accessory nerves), Vesalius recorded that “the trunk of the sixth pair
[vagus and accessory nerves] coheres with the carotid artery and the seventh pair [hy-
poglossus nerve and part of the glossopharyngeal nerve]. Along with these it stretches,
connected by a membrane, to the sides of the larynx, where it takes up and is augmented by a
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Chapter 9. Vesalius on voice production

TABLE 9.3: Extrinsic laryngeal muscles currently distinguished compared to
those recognized by Vesalius, along with the references to their main descrip-
tion in Vesalius’ original Latin text in De Fabrica of 1543 and in the English

translation provided by Richardson and Carman, in 1999.

Modern name Vesalius’ terminology De Fabrica Richardson and Carman

Mylohyoid
muscle
(suprahyoidal)

2nd pair of the muscles
moving the hyoid bone

p. 251 II; Ch. XVII: p. 188-189*

Stylohyoid
muscle
(suprahyoidal)

3rd pair of the muscles
moving the hyoid bone

p. 251 II; Ch. XVII: p. 189

Geniohyoid
muscle
(suprahyoidal)

1st pair of the muscles
of the tongue

p. 254 II; Ch. XIX: p. 198

Digastric muscle
(suprahyoidal)

4th pair drawing the
jaw downward

p. 249 II; Ch. XV: p. 182-183

Thyrohyoid
muscle
(infrahyoidal)

1st pair of the shared
laryngeal muscles

p. 259 II; Ch. XXI: p. 210

Sternothyroid
muscle
(infrahyoidal)

2nd pair of the shared
laryngeal muscles

p. 259-260 II; Ch. XXI: p. 210

Sternohyoid
muscle
(infrahyoidal)

1st pair of the muscles
moving the hyoid bone

p. 251 II; Ch. XVII: p. 188

Omohyoid
muscle
(infrahyoidal)

4th pair of the muscles
moving the hyoid bone

p. 251 II; Ch. XVII: p. 189

*Richardson and Carman II; Ch. XVII: p. 188-189 refers to their Volume II; Chapter XVII:
pages 188 to 189
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FIGURE 9.5: See opposite page for caption.
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FIGURE 9.5: Second of two figures common to the chapters II to X of Book IV of
De Fabrica. Vesalius noted that ‘if a body were drawn around this figure its bladder
would be at the bottom of the figure and you would see the front of its thorax and
abdomen, but its face would be turned away so that it was looking toward the left
shoulder and its right side was facing you.’ The letters referring to the right one
of the pairs of cranial nerves are ‘G the first pair, K the second pair, L the third pair,
Z the fourth pair, a the fifth pair, e the sixth pair, m the right of recurrent or reversive
nerve, n the offshoots of the right recurrent nerve, dispensed to the muscles of the
larynx, p the left recurrent nerve, like its counterpart on the right side it is generally
called the nerve of the voice, o junction of sixth and seventh pairs, and w distribution
of the seventh pair to many muscles of the tongue, hyoid bone, and larynx’ (quote on

p. 169) [7].

portion of the seventh pair. Having taken up this portion it sends out small branches trans-
versely to certain muscles of the larynx: these comprise two muscles that belong solely to the
thyroid cartilage [paired inferior pharyngeal constrictor muscles] (they grow out from
the back of the gullet and insert into the sides of this cartilage), two that occupy the base of the
third cartilage [paired arytenoid muscles], and two of those that link the first cartilage to
the second [paired cricothyroid muscles]” (quote on p. 195) [7]. Thus, Vesalius prop-
erly indicated the pharyngeal plexus and the superior laryngeal nerves as the small
branches that are send out transversely by the vagus and glossopharyngeal nerves
[2].

Vesalius extensively recorded the different course of the right and left recurrent nerves
from the upper neck to the larynx (Figure 9.6) [14] concluding that these nerves finally
run “upward, passing along the left side of the rough artery with the help of a membrane; and
as soon as it reaches the larynx it splits into branches as the right nerve does and these branches
all end in the muscles on their side that have their heads at the bottom. If you take the mus-
cles on both sides together these muscles are as follows: four that bind the third cartilage to
the second [paired posterior cricoarytenoid muscles and paired lateral cricoarytenoid
muscles], and two that join the third cartilage to the first [thyroarytenoid muscles], and
also, among several others, the muscles of the tongue that grow out from the middle of the
hyoid bone in order to move the tongue [geniohyoid muscles]” (quote on p. 198) [7].

On the extrinsic muscles, Vesalius noted his cranial nerve VI [vagus and accessory
nerves] to innervate the sternohyoid, sternothyroid and geniohyoid muscles, whereas
he assigned his cranial nerve VII [hypoglossus and glossopharyngeal nerves] to the
stylohyoid and digastric muscles. In chapter XIII of Book IV, he also describes the
sternohyoid and sternothyroid muscles to be innervated by the first pair of thoracic
nerves or eighth pair of spinal nerves, as well as by branches of his cranial nerve
VI and the first intercostal nerve [7]. In the chapter before that, he noted the omo-
hyoid muscle to be innervated by the anterior branch of the fifth pair of nerves that
emerges from the cervical vertebrae [7]. The remaining extrinsic muscles (thyrohyoid
and mylohyoid) were not mentioned in his description of the cranial nerves.
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Chapter 9. Vesalius on voice production

That Vesalius did not record the innervation of the intrinsic and extrinsic laryngeal
muscles fully correct should be viewed in the context that even to this day the in-
nervation of this organ is regarded complex, and its design is still being elucidated
[2].

On the structures of resonance and articulation
When discussing the generation of voice, Vesalius showed that he recognized the im-
portance for voice production of many supraglottic structures (Table 9.5) by noting
“that it was necessary for the second laryngeal cartilage to be perfectly circular and for the
rough artery to be non-compressible here at the root of the larynx will become apparent to you
if you realize that voice is generated by forcing air from a broad into a narrow channel and
then back into a broad one. You should examine also the uvula or plectrum of the voice, the
palate that forms a broad spherical space, the cavity above it in the nasal foramina, the antra
in the fourth maxillary bone on each side, the teeth, the tongue and the lips; and you should
also investigate the artificial musical instruments, carefully comparing the function of their
parts with these works of Nature” (quote on p. 46-47) [8]. Regarding the importance for
voice production of the nasal cavity he furthermore noted “the ample nasal foramina
divided by the [nasal] septum ..[..].. stretching from the nose to the throat cavity. These have
many functions, but in particular serve for normal respiration and for the voice” (quote on
p. 127) [5].

Following the remark that man is the only animal that has a uvula, Vesalius described
its function in more detail in a following chapter: “its prime function is to modulate the
voice, and it therefore makes an important contribution to human speech. This is apparent
from people who have had it cut away, and also from the fact that only humans and certain
types of birds have it. It is therefore justifiably thought to hang from the hollow palate like a
sort of plectrum of the voice” (quote on p. 55) [8]. Likewise, he recognized the speech
function of the tongue by noting that “it would have been totally unsatisfactory for the
tongue to have a bone or cartilage implanted along its length, even though this were divided
into the tiniest vertebrae, since it had to perform so many different movements in chewing
and speaking and since it was not itself supporting anything and had to be more agile and
sinuous than a serpent” (quote on p. 199-200) [6].

112



Chapter 9. Vesalius on voice production

TABLE 9.4: Laryngeal nerves currently distinguished compared to those rec-
ognized by Vesalius, along with the references to their main description in
Vesalius’ original Latin text in De Fabrica of 1543 and in the English transla-

tion provided by Richardson and Carman, in 1999.

Modern name Vesalius’ terminology De Fabrica Richardson and Carman

Vagus nerve
(also: cranial
nerve X)

6th pair of nerves
originating from the
brain

p. 327 IV; Ch. IX: p. 195-196*

Accessory
nerve (also:
cranial nerve
XI)

6th pair of nerves
originating from the
brain

p. 327 IV; Ch. IX: p. 195-196

Hypoglossus
nerve (also:
cranial nerve
XII)

7th pair of nerves
originating from the
brain

p. 330 IV; Ch. X: p. 204

Glossopharyngeal
nerve (also:
cranial nerve
IX)

7th pair of nerves
originating from the
brain

p. 330 IV; Ch. X: p. 204

Recurrent
laryngeal
nerves

Right and left recurrent
nerves

p. 328-329 IV; Ch. IX: p. 197-198

Superior
laryngeal nerve;
external and
internal branch

Small transverse
branches, originating
from 6th and 7th pair of
cranial nerves

p. 327 IV; Ch. IX: p. 195
p. 330 IV; Ch. X: p. 204

Pharyngeal
plexus

Small transverse
branches, originating
from 6th and 7th pair of
cranial nerves

p. 327 IV; Ch. IX: p.195
p. 330 IV; Ch. X: p. 204

*Richardson and Carman IV; Ch. IX: p. 195-196 refers to their Volume IV; Chapter IX: pages
195 to 196
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Discussion
Vesalius’ De Fabrica primarily being a work on anatomy rather than physiology, he
did not present his observations on the production of voice en bloc but as separate
parts presented along with the anatomy of the anatomical structures involved. We
clustered these separate parts for the first time to show that he recognized the impor-
tance for voice production of many details of the respiratory system, the voice box,
and various structures of resonance and articulation.

Prior to Vesalius, Aristotle (385 - 322 BC) had been among the first to publish on the
larynx as the organ from which the voice emanates. In his Historia Animalium, Aris-
totle noted that the neck was the part of the body between the face and the trunk,
with the front being the larynx and the back, the gullet. He stated that phonation and
respiration took place through the larynx and windpipe [15]. The first true anatomist,
Claudius Galenus (ca. 130 - 200 AD) greatly advanced the knowledge of the upper
air passages and the larynx and described the warming and filtering functions of the
nose, five centuries after. He described the thyroid, cricoid and arytenoid cartilages
and distinguished six pairs of intrinsic laryngeal muscles that he divided into abduc-
tor and adductor muscles. Furthermore, he recognized the function of the recurrent
laryngeal nerves and, thereby, proved that the larynx was the organ of the voice.
Galen was the first to disprove that the “voice was sent forth by the heart”, which was
still a popular belief in his time [12, 15]. Still, Galen had to base all his anatomical and
physiological knowledge on the dissection of animals, mostly Barbary apes [16].

Vesalius was the first to clarify the human respiratory and laryngeal anatomy and
the proper function of the epiglottis. He stressed that voice production was a cere-
bral function by stating that “the almighty Creator of the world designed the organs of
respiration as a whole in such a way that we may draw in air and let it out again at our own
whim, whereas the heart’s activity does not depend on our will” (quote on p. 61) [8] and by
his extensive record of the innervation of the voice producing organs by the cranial
nerves [12, 14]. His extensive study compiled to the first integral understanding of
the production of voice. This could not be acknowledged based on the annotated
translation of Vesalius records on the larynx and hyoid bone presented by Garrison
and Hast because they did “not wag our professorial finger to correct [Vesalius] when we
believe he is wrong, and we do not explain where we believe he has been incomplete” (quote
on p. 5) [17]. More importantly, they failed to present a proper translation as classicist
Richardson and anatomist Carman indicated by pointing out no less than 31 errors
in their interpretation [18]. These errors, more often than not, resulted in the English
translation contradicting the meaning and intention of Vesalius original Latin text.

Vesalius’ understanding was enthusiastically reported by Heseler who whitnessed all
26 sessions of the public dissections by Vesalius in Bologna, Italy, in 1540 [3]. Heseler
noted how, during the 24th session, “Vesalius brought us the larynx of an ox and some
other animals. And out of the larynx of the ox he had cut the various parts. Because, he said,
in the hanged subjects we cannot see the larynxes, for they are destroyed by the noose, but
they are however quite different [in man and in animals], as you will hear. ..[..].. Thus,
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TABLE 9.5: Supraglottic structures of resonance recognized by Vesalius, along
with their modern names and references to their main description in Vesalius’
original Latin text in De Fabrica of 1543 and in the English translation provided

by Richardson and Carman, in 1999.

Modern name Vesalius’ terminology De Fabrica Richardson and Carman

Plectrum of the voice
(also: uvula)

Uvula p. 580 VI; Ch. VI: p. 55-56*

Nasal foramina Nasal cavities p. 578 VI; Ch. IV: p. 46
Antra in the fourth
maxillary bone

Maxillary sinus p. 578 VI; Ch. IV: p. 46

Palate Palate p. 578 VI; Ch. IV: p. 46
Tongue Tongue p. 255 II; Ch. XIX: p. 194-200
Teeth Teeth p. 578 VI; Ch. IV: p. 46
Lips Lips p. 578 VI; Ch. IV: p. 46

*Richardson and Carman VI; Ch. VI: p. 55-56 refers to their Volume VI; Chapter VI: pages 55
to 56

first, he said, the larynx, or if you will call it throat or aspera arteria etc., consists of three
cartilages, as you have heard to-day from Curtius in his lecture: one is called shield-like or
scutalis and this is it that we feel protruding in front of the neck [thyroid]. And he showed it
to us in the larynx of an ox. But, he said, it is different in man, where it is not so long as here.
The second cartilage has no name, and it lies higher in the back part of the larynx towards the
gullet [cricoid]. ..[..].. The third, he said, called arytenoid, is in the middle and has the form
of a vessel from which we pour water to great men to wash their hands. ..[..].. Then, he said,
inside below the arytenoid cartilage there are the vocal cords which are the proper instrument
of the voice at each side consisting of a cartilaginous adipose membrane. ..[..].. Consequently
he showed us the vocal cords which were well adipose, and they could be a membrane or a
thin cartilage. When, he said, this divided membrane is pressed together by the muscles of the
larynx into which the nervi reversivi are inserted, then there is formed a small fissure through
which the air issues as through a narrow passage and a fine sound is effected, by which the
speech and the voice are distinguished, and that is properly called the vocal cords. ..[..].. All
this, he said, each one of you, Domini, can see. Buy yourselves a larynx of an ox and you will
see it all.” (quote on p. 285-287) [3].

Regarding these nervi reversivi Vesalius had during the previous session demonstrated
“how from the sixth pair of nerves of the brain two nerves, one at each side, descend in order
to give the faculty of movement and of sensation to the muscles of the larynx, and how they
bend around the branches of the great aorta, then return upwards, and how they send down
branches to the liver, the gallbladder, the orifice and the fundus of the stomach, to the spleen
etc.” (quote on p. 283) [3]. Spectacularly finishing his 26 sessions of public dissections
in Bologna, Vesalius even demonstrated the function of these nerves in vivo: [14] “Fi-
nally, he took a dog (which was now the fifth or perhaps the sixth killed in our anatomy). He
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FIGURE 9.6: See opposite page for caption.
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FIGURE 9.6: Vesalius’ illustration of the vagus nerves as provided in chapter
IX of Book IV De Fabrica is ‘devoted to the recurrent nerves, including parts of the
rough artery and the great artery and extensive enough to show their system; for the
physicians make frequent mention of these nerves and, as they are a prime miracle
of Nature, their examination is a supreme delight to all’ (quote on p. 196) [7]. It
shows that ‘when the right nerve of the sixth pair has entered the chest cavity and
is passing among the arteries and veins in the throat, it sends out from its inner
side sometimes three and sometimes two small branches one after the other, and these
constitute the recurrent nerve on the right side ..[..].. When the left nerve of the sixth
pair has entered the thoracic cavity it cannot send out small branches to bend around
the artery traveling to the left arm and go back upward because this artery, instead of
lying transversely like the one on the right, travels obliquely upward into the armpit.
..[..].. The left nerve therefore keeps on downward toward the base of the heart until,
outside the wrapping of the heart, it reaches the trunk of the great artery that passes
downward to the spine. This is the point at which three, or sometime fewer, twigs
grow out from the nerve, turn back around the trunk of the artery where this turns
aside toward the spine, and then unite to form the left recurrent nerve’ (quote on p.

197-198) [7].

bound it with ropes to a small beam so that it could not move, similarly he tied his jaws so
that it could not bite. Here, Domini, he said, you will see in this living dog the function of
the nervi reversivi, and you will hear how the dog will bark as long as these nerves are not
injured. Then, I shall cut of one nerve, and half of the voice will disappear, then I shall cut
the other nerve, and the voice will no longer be heard. And he did so; when he had opened the
dog, he presently found the nervi reversivi around the arteries, and all happened as he said.
The bark of the dog disappeared when he had by turn cut off the nervi reversivi, and only the
breathing remained. But, he said, it can still quite well bite, so not let its jaws free, hold it
strongly” (quote on p. 291) [3].

Conclusion
We conclude that Vesalius was the first to publicly record the concept of voice pro-
duction as an integrated and cerebrally directed function of respiration, phonation
and resonance, and articulation. In doing so nearly 500 years ago, he laid a firm ba-
sis for the understanding of the physiology of voice production and speech and its
management as we know it.
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