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Chapter 1. Introduction

Andreas Vesalius (1515 - 1564) is generally considered to be the founding father of mod-
ern human anatomy. To commemorate his 500th birthday, some of the most striking
anatomical and physiological aspects of Vesalius’ major work De Humani Corporis
Fabrica Libri Septem (De Fabrica) are presented and discussed in this thesis. These as-
pects were revolutionary in his time and through his dissections and publications,
Vesalius initiated the end of more than 13 centuries of Galen’s influence on anatomi-
cal and physiological knowledge. The evolution of this influence has previously been
reported by Lanska [1]. Following is an annotated summary of his report.

Galen’s anatomy and physiology in Medieval and early Renaissance Europe
Galen of Pergamon (Aelius or Claudius Galenus; c. 130–c. 200) was the preemi-
nent physician and most prolific medical researcher of the Roman Empire in the 2nd
century. After his studies in Asia Minor, he moved te Rome at age 31, to become the
physician to emperor Marcus Aurelius and his successors [2]. Galen was a true exper-
imentalist who always wanted to test everything for himself and trust no authority,
until he had done so [2]. Because dissections of human corpses were not allowed in
Rome in his era, however, Galen’s works on human anatomy were primarily based
on the dissections of monkeys, pigs, and oxen, and his occasionally treating extensive
wounds of gladiators [1]. Still, his thoughts on human anatomy were accepted with-
out reserve as no one was aware of possible differences between animal and human
anatomy. In Roman times, and in the Arab Middle Ages alike, Galen’s ideas were
even given priority over those of Hippocrates [3].

After the collapse of the Roman Empire in the West, the study of anatomy and phys-
iology ceased to exist in Western Europe [1,2]. As such, the study of Galen’s Greek
records declined during the Early Middle Ages, when very few Latin scholars could
read Greek. Still, his works continued to be studied in the Eastern Roman (Byzantine)
Empire, where the extant Greek manuscripts were copied by Byzantine scholars. In
the Abbasid historical period (Islamic Golden Age, after 750 CE), some of Galen’s
texts were translated into Arabic by Syrian Christian scholars. Subsequently, some Is-
lamic writers considered Galen to be an important, but not infallible source. Among
the most famous, the Persian scholar Rhazes (Abū Bakr Muhammad ibn Zakarı̄ya
ar-Rāzi; 854–925) studied and criticized some of Galen’s conclusions [1].

In the 11th century, Latin translations of Islamic medical texts began to appear in the
West and Galenism took on a new, unquestioned authority. Scholasticism flourished
in the thirteenth and fourteenth centuries and consisted of the study and discussion
of Arab knowledge generally without adding to it by observation or experiment [2].
The Roman Catholic church supported Galenic theory as the anatomical and medical
dogma and these Latin translations became the mainstay of the medieval physician’s
university curriculum, along with Avicenna’s (Persian scholar Ibn-Sı̄nā, full name
Abū Alı̄ al-Husayn ibn Abd Allāh ibn Al-Hasan ibn Ali ibn Sı̄nā; 980–1037) ency-
clopaedic exposition of Galenic medicine The Canon of Medicine (1025)[1].
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Chapter 1. Introduction

The fall of the Byzantine Empire (1453) was accompanied by an influx of Greek schol-
ars and manuscripts to the West. This influx fostered comparisons between the origi-
nal Greek texts of Galen and later Arabic translations and commentaries. During the
Renaissance, the Humanist intellectual movement sought to correct what had been
an “Age of Darkness” in the West after the fall of Rome by careful study and imita-
tion of the great classical authors [1]. In medicine the emphasis was on the resolution
of apparent inconsistencies in Galen’s works. New Latin translations were published
of the Arabic translations or, preferably, the original Greek manuscripts. These trans-
lations were intended to rid the extant translations of Galen’s works from transcrip-
tion errors and Islamic influences. Such a “new” Latin translation of Galen’s works
was presented by German-born physician Johannes Winter von Andernach (Johann
Guenther von Andernach, or Jean Guinter d’Andernach; ca 1505–1574). With the de-
velopment of the printing press, this and other “new” translations became widely
available in convenient volumes and were then further enshrined as dogma and tra-
dition in 16th century Western Europe. Consequently, anatomy firmly remained a
scholastic discipline based entirely on the reading of Latin translations from Arabic
rather than a science based on direct observation, until the middle of the 16th century.
Any debate simply and solely served as an opportunity to practice the art of arguing
or disputation.

The vanguard in the West that began to question Galen’s anatomy originated in
northern Italy, where the practice of dissection of human corpses was introduced in
the latter half of the 13th century. The initial dissections were conducted in Bologna
solely as a forensic process to gather evidence in legal cases. Subsequently, the first
public or semi-public dissection occurred at the medical school in Bologna around
1300 [1]. Unlike his predecessors, the Bolognese professor of anatomy Mondinus
(Mondino de’ Luzzi; 1275-1326) actually dissected the human body personally, rather
than turning it over to menials [2]. In 1316, Mondinus published his scarcely illus-
trated Anathomia corporis humani that incorporated many of his own observations
and a discussion of anatomical and physiological principles to surgical practice [4].
Anatomic illustrations were still considered unnecessary given that the scholasticism
of academics in medieval European universities served primarily to articulate and
defend Galenic authority. Possible discrepancies that were noticed between the dis-
sected body and anatomical dogma were considered to be defects in that body, rather
than inaccuracies in Galenic theory.

Like Vesalius after him, the Italian physician-surgeon and anatomist Jacapo Beren-
gario da Carpi (ca. 1460–ca. 1530) sought corroboration of Galen’s theories by direct
observation of human dissections rather than through comparative studies of ancient
Arabic and Greek manuscripts [1]. Still, Andreas Vesalius (1515 – 1564) was the first
to understand that Galen’s work was flawed because Galen had based his human
anatomy primarily on dissections of animals. He highlighted the importance of ob-
servational studies based on human dissection, just as Galen had claimed that hands-
on experience with animal dissection was essential for students and practitioners of
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Chapter 1. Introduction

FIGURE 1.1: Andreas Vesalius as portrait in his major work De Humani Cor-
poris Fabrica Libri Septem. The cadaver arm is alleged to intentionally appear
large to emphasise the importance of its dissection. As his trademark, Vesalius

routinely began his public dissections with the forearm and hand.
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Chapter 1. Introduction

medicine and anatomy. The short biography of Vesalius that follows, is based on the
biographical sketches that were previously provided by O’Malley [5], by Lindeboom
[6, 7], and by Elkhadem et al. [8].

Andreas Vesalius
Andreas Vesalius Bruxellensis (Figure 1.1) was born as Andreas van Wesel, allegedly
on the last day of 1514 or in the early morning of January 1, 1515 [9]. According
to a horoscope cast by the Milanese physician and mathematician Jerome Cardan
(1501 – 1576) with whom Vesalius corresponded, the birth occurred at a quarter to
six on the morning of December 31st, 1514, according to the then prevailing Julian
calendar (Figure 1.2) [10]. Because the calendar year in Roman Catholic Europe ran
from March 25th (the feast of the Incarnation of Jesus) to March 24th [11, 12], both
December 31st and January 1st of the Julian calendar would have been reckoned
to the year 1514 (see also chapter 11). In this thesis, however, the current Gregorian
calendar that was introduced in 1582 was followed. At the time of the introduction of
this “new style” calendar, all “old style” Julian dates shifted 10 days forward. Hence,
December 31st and January 1st of 1514 of the Julian calendar are January 10th and
11th of 1515 according to our current calendar. It is proper, therefore, to celebrate
Vesalius’ 500th anniversary at January 10th or 11th of 2015. This was the main reason
to quote 1515 as Vesalius’ year of birth in this series on his innovations in anatomy
and physiology.

Andreas was the descendant of a family of skilled physicians that for at least four
generations had a lasting relationship with the rulers of the House of Habsburg (Fig-
ure 1.3) [6, 7, 14-16]. Vesalius’ father Andries was the illegitimate child of the third
known generation of physicians, which prohibited him from becoming a royal physi-
cian himself. Instead, he became the pharmacist to Margaret of Austria and to her
nephew King Charles V, who was to become Emperor. Andries and his wife had one
daughter and three sons, of which Andreas was the middle. Andreas grew up next
to the Galgenberg (Montague de la Potence, or Gallow’s Hill) in Brussels and very
likely played there among the bones of the convicted scattered on the grounds. At an
early age he began to dissect small animals such as mice, rats, moles and, on occasion,
even a dog or cat [6].

After grammar school in Brussels, he took his Matriculate in Louvain, in 1530. Subse-
quently, he was taught the Literae Humaniores and learned Latin, Greek and possibly
some Hebrew. In September 1533, he started his three years of medical study in Paris.
Here, he was taught and trained in the theories of Galen [1]. In Vesalius’ time, such
teaching was still done by a professor seated high in the chair in the Mediaeval tra-
dition, while a barber-surgeon would perform the possible dissections of dogs, pigs
and, sometimes, human corpses. One of the few exceptions to that rule was Jacobus
Sylvius (Jacques Dubois; 1478-1555) who taught a three-year course of medicine in
the de Tréguier in Paris. Sylvius was an ardent Galenist but he dissected himself.
Like Galen, he predominately dissected animals as he had no human corpses at his
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Chapter 1. Introduction

FIGURE 1.2: Chart (or ‘geniture’) casted by the Milanese physician, math-
ematician, and astrologer Girolamo Cardano (1501-1576), indicating the rela-
tive positions of various planets (called aspects) at the time of birth of Andreas
Vesalius [13]. It indicates 30 December 1514, 17:45 post meridiem as the date
and time of birth. This is accepted to correspond with 05:45 in the morning of

December 31st, 1514 (according to the Julian calendar) [8].
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Chapter 1. Introduction

disposal. Still, he may have brought the arm or a leg of an executed convict to his
demonstrations [6].

While in Paris, Vesalius had to go to the Cemetery of the Innocents to collect the re-
maining human bones for their study of osteology [14, 17]. It was also in Paris that he
felt the urgent need of the resurrection of the science of anatomy to the height of the
Alexandrian medical period “lest I should fall below the level of my forebears, doctors of
not unknown fame” (quote on p. 1361) [18]. Vesalius dissected under the guidance of
Sylvius whom, Vesalius felt, “can never be praised too highly” (quote on p. lii) [17]. As
a result, his knowledge of old languages and anatomy and his abilities as a dissector
were clear even when he still was a student. In his Institutiones Anatomicae, an es-
say on Galen’s anatomical teachings, Vesalius’ professor of medicine Johann Winter
von Andernach (1505 - 1574) praised his student as “by Hercules a young man of great
promise, who, besides an extra-ordinary knowledge of medicine, also shows an experience in
both classical languages and is skilful in dissecting bodies” (quote on p. 71) [19]. Conse-
quently, the last of the three dissections that took place during his three years in Paris
was performed by Vesalius himself three days before he had to leave.

Vesalius had to flee from Paris before he could take his Bachelors in Medicine after
four years of study, because of hostilities that broke out between his king Charles
V and the French king Francis I. Thus, he returned to Louvain still a Candidate in
Medicine, in 1536. There, he repeated his osteology manoeuver by stealing no less
than a complete skeleton from the local Gallow’s Hill [14]. Once more, he smuggled
the skeleton into town and into his quarters and reconstructed it [6, 17]. He was to
restore many more human skeletons, one of which is still present at the Institute of
Anatomy of the Basel University. In Louvain, Vesalius once again had the opportu-
nity to perform public dissections on human corpses. His entering a dispute with
some theologians over the proper location of bloodletting made him a suspect of
anti-catholic thoughts and ideals and, consequently, he felt he had to leave Louvain
and go to Italy for a better future. However, before leaving for Italy he published his
Paraphrases of the Persian scholar Rhazes’ ninth book for King Al-Mansor (see also
chapter 6).

In the spring and summer of 1537, Vesalius stayed in Venice. It is likely that he met
the Flemish artist Jan Steven van Calcar (approx. 1499 – 1546) for the first time in that
period. Van Calcar would later make some of the anatomical drawings for Vesalius’
Tabulae Anatomicae Sex and De Fabrica (see also chapter 2) [20](p.121) [21](p. 82). In
the autumn, Vesalius went to Padua where he took his Medical Doctorate ‘magna cum
laude’ on December 5th, 1537 [8]. The day after, he assumed his activities as second
professor of surgery: a complete public practical course on anatomy to illustrate the
theoretical course given by another professor [22]. Soon, he was appointed senior
professor of surgery and of anatomy. Initially, Vesalius followed the teachings of
Galen [14, 15].

7



Chapter 1. Introduction

To back-up his course, Vesalius published six anatomical drawings, Tabulae Anatomi-
cae Six in the spring of 1538. Three of these drawings had been prepared by Vesalius,
whereas the other three were done by van Calcar. Like his teachings, these drawings
were still done in Galenic tradition with a five-lobed liver [1]. He would prepare
two more publications before his De Fabrica: a fully revised reprint of Günther’s In-
stitutiones Anatomicae (1538) and Epistola, docens venam axillarem dextri cubiti in dolore
laterali secandam (Epistola de Vena Secanda, or bloodletting letter, 1539). In January of
1540, Vesalius gave a public course on anatomy in the old and renowned university
at Bologna at the urgent request of the medical students. This course was followed
by the German Baldasar Heseler, who left us an eyewitness report and notes of both
the theoretical lectures in full Galenic tradition by the Bolognese professor Mattheus
Curtius, and the dissections by Vesalius [22]. Vesalius, by that time, had become far
less Galenic in his opinions and Heseler recorded some emotional debates between
Curtius and Vesalius.

Vesalius remained to teach in Padua until the end of 1542. By then, he had finished his
opus magnus: De Fabrica. As he wished to market this work predominately in Central
Europe, he choose to have it printed in Basel. After having the woodblocks and
proof sheets packed and delivered to Milan for transport over the Alps, Vesalius left
Padua to oversee the printing and publishing of his work in Basel. On the way there,
he spent some time in Ferrara, in the north of Italy. Here he visited the anatomist
Canano who, like Vesalius, was only 27 years of age. Canano showed Vesalius five of
his drawings of the muscles of the hand (see also chapter 2).

According to its colophon, De Fabrica was completed in June 1543. Since the binding
of the whole edition must have taken several weeks, the book must have been for
sale at the beginning of August. De Fabrica was dedicated to Charles V, by then the
Habsburg Emperor of Western Europe to whom Vesalius’ father was the imperial
pharmacist. The dedication was made in Padua, Italy and dated August 1, 1542.
Simultaneously with De Fabrica, Vesalius had his De Humani Corporis Fabrica Librorum
Epitome (Epitome) printed and published in Basel. Its fourteen pages of text and nine
folio-sized Tabulaes were meant to be a less expensive “pathway through these books [De
Fabrica] and an index to the things demonstrated in them” (quote on p. liv) [17], as well
as a ‘trailer’ to De Fabrica. It was dedicated to Prince Philip, the son of Charles V,
already on August 13, 1542, while Vesalius was still in Venice. It was first marketed
on August 9, 1543, and was repeatedly reprinted and instantly translated in German.
Immediately following the publication of De Fabrica and the Epitome, Vesalius went
to Mainz where Charles V was staying for some days. He offered the Emperor a copy
of De Fabrica printed on vellum along with a copy on vellum of the Epitome for the
Emperors’ son Philip [16]. At this occasion, Charles V asked Vesalius to become his
court physician. Vesalius then shortly joined Charles as military surgeon on one of
the Emperor’s campaigns but soon returned to Italy.

8



Chapter 1. Introduction

Back in Padua at the end of 1543, Vesalius found his former assistant and protégé Re-
aldo Colombo of Cremona (approx. 1515 – 1559) to have turned against him and his
teachings (see also chapter 3). To publicly clear his name and prove his being right
on his teachings, Vesalius performed two additional public dissections in January
1544. After this, he fell into a depression during which he burned all his additional
manuscripts in the presence of some friends, and he left Padua for good. After a stop-
over in Pisa, Vesalius returned to Charles V. After Charles had finished another field
campaign, this time in France, Vesalius travelled back to Brussels with him. There,
Vesalius got married to Anna van Hamme and set up a family and a profitable prac-
tice. In the fifteen years he lived in Brussels and spent time abroad with Charles on
field campaigns and diplomacy travels, Vesalius publicly turned against his former
Parisian teachers Sylvius and Winter von Andernach in the Epistola rationem mod-
umque propinandi radicis Chynae decocti (Epistola Chynae, or China-root letter, 1546), in
an attempt to explain that he had not intended to collect Galen’s flaws but only had
been interested in the (anatomical) truth [14, 15]. Additionally, Vesalius prepared a
second edition of the De Fabrica that was published in 1555. Although fully revised
by Vesalius, it hardly contained important scientific changes.

FIGURE 1.3: Andreas Vesalius was a descendant of a family of skilled physi-
cians and an apothecary that for generations had an exceptional, lasting rela-
tionship with the Habsburg and Burgundy royal houses. A –> B : A lend his

services to B (after Lindeboom) [7].
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In 1556, Charles V abdicated by resigning the imperial dignity and Vesalius passed
into the service of Charles’ son Philip, who initially held his court in Brussels. As of
1559, Vesalius lived in Spain as Philip moved there. Not being able to perform any
anatomical dissections [23], Vesalius was kept to his surgical practice. In 1561, he
received a copy of Gabriele Fallopius’ Observationes Anatomicae. Although Fallopius
(1523 – 1562) clearly and repeatedly honoured Vesalius for his anatomical genius in
his book, he also entered some points of disagreement. Within two weeks, Vesalius
finished an extensive reaction to be delivered to Fallopius in Padua. When this re-
action finally arrived in Padua in the autumn of 1562, however, Fallopius had died.
In 1564, Vesalius had his reaction published in Venice under the title Anatomicarum
Gabrielis Fallopii Observationum Examen.

For reasons unknown, Vesalius went on pilgrimage to the Holy Land in 1564. He
made a stop-over at Venice and it is said that, after his departure, the Senate of the
town decided to reappoint him in Padua at a high salary. This message would have
reached him in Cyprus, during his pilgrimage. On his return from the Holy Land,
Vesalius’ ship sailed in heavy storms and Vesalius is said to have come ashore and
die at the isle of Zacynthos (Zanthe), probably on October 15, 1564.

In all, Andreas Vesalius was a Renaissance man or uomo universal, performing ana-
tomy, surgery, teaching, philology, arts, philosophy, and fine prose [24]. He is “the
first modern anatomist to place his study on a firm foundation of observation” (quote on p.
xvii) [24], the results of which are to be found in his masterpiece De Humani Corporis
Fabrica Libri Septem.

De Humani Corporis Fabrica Libri Septem
Vesalius is rightfully seen as the father of modern anatomy [25, 26]. His De Fabrica
has long been, and is still being, recognized as the work that brought anatomy and,
consequently, surgery into the new era of scientific reasoning [25]. Such was the im-
mediate influence and impact of the work that it made Canano from Ferrara decided
to not publish any more of his own work [27-29].

Still, De Fabrica was one work out of many. Prior to Vesalius, the Italians Mondino de’
Luzzi (1275-1326), Jacopo Berengario da Capri (ca. 1460-1530), Alessandro Achillini
(1463-1512), Giogio Valla (1447-1500) and Niccolo Massa (? – 1569) had already pub-
lished anatomical observations (p. 96) [4, 21, 30]. Berengario’s medical drawings
published in 1521 in his Isagogae breves are considered the first in the modern sense
[25, 31]. After Vesalius, Realdo Colombo (1516-1559) planned to publish together
with Michelangelo a work on anatomy that would outshine Vesalius’ De Fabrica. The
plan stranded because of the old age of the artist [32](p.72) [33, 34]. Instead Colombo
published his De re anatomica libri XV in 1559, 16 years after the first print of De Fabrica
[35].
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Chapter 1. Introduction

Like De Fabrica, the De dissectione partium corporis libri tres that Charles Estienne pub-
lished in Paris in 1545, was a combination of text and illustrations. Estienne and
Vesalius prepared their works ignorant of the work of one another. Like Vesalius,
Estienne contradicted some of Galen’s observations even though he did not do his
own dissections and illustrations but had them made by a barber-surgeon. His De dis-
section, however, hardly attracted any interest as it did not reach the quality of Vesal-
ius’ De Fabrica [21, 26]. Gabriele Fallopio (1523-1562) was to follow with his original
work Observations anatomicae in 1561 [4], while the 42 copper plates by Bartholomeus
Eustachius (15??-1574) were completed around 1564. They were only published in
1714, in the Tabulae anatomicae by Lancisius [25].

Vesalius sought to show the structure of the human body as correctly as possible. He
took great pains to illustrate the text by fine drawings and, in 1546, acknowledged to
have contracted various artists for this without, however, mentioning their name (p.
186)[14, 15] (p. 121)[20]. Vesalius warned nevertheless, that the illustrations do not
make personal inspection superfluous: “it was never my intention that students should
rely on these [illustrations] without ever dissecting cadavers” (quote on p. lvi) [17]. Still,
these illustrations rather than the text, got all attention in the majority of commen-
taries on his work [21, 25, 36]. In Vesalius’ time this may have been explained by
the novelty of illustrating anatomical texts whereas, a century later, medical doctors
may have been so proud of their own medical advancements that they preferred to
regard the work of their predecessors as outdated [8] (p. 12). In our era, the neglect
of Vesalius’ text may have resulted from difficulty of handling his Latin language [24,
25, 36, 37]. Although many editions, revisions, adaptations, and facsimiles of this
work appeared over the centuries, remarkably it has never before now been trans-
lated (except for fragments) into a modern language other than Russian (Moscow,
1950–1954). The English translation presented by Richardson and Carman between
1998 and 2009 supplies a modern, accessible version of this monumental work for the
first time. Since, the study of the unique combination of Vesalius’ text and illustra-
tions in all seven books of De Fabrica has become readily available.

Our studies proved that the illustrations and the text cannot be fully appreciated
without each other. The text, for example, stresses that some parts of the illustrations
intentionally zoomed in on details to draw extra attention to them [21]. Likewise,
only from the text can be learned that Vesalius intentionally illustrated the rectus ab-
dominis muscle in accordance with the opinion of Galen while he was fully aware,
and explained in the text, that Galen had been wrong (Figure 1.4) [38]. We found
the text on the muscles of the hand and forearm could not have been fully under-
stood had it not been for the many Tabulae accompanying it, and vice versa (see also
chapter 2).

Commemorating Vesalius’ 500th anniversary, chapters 2 through 5 report on Vesal-
ius’ innovative observations on the upper extremity. In chapter 6 and 7, his observa-
tions on the superficial fascial system are presented, whereas chapters 8 and 9 focus
on his innovative considerations of voice production and the pulmonary system. The
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influence of Vesalius’ role in the acceptance of the concept of animal cognition is pre-
sented in chapter 10. Of lighter calibre is chapter 11 in which his links to the, then
fairly new, game of tennis are presented. In chapter 12, I discuss the general role that
Vesalius’ character played in the history of anatomy.

FIGURE 1.4: One of Vesalius’ famous muscle-men (Tabula V) portrayed in
Book II of De Fabrica - On the ligaments and muscles. In it, Vesalius intention-
ally illustrated the rectus abdominis muscle in accordance with the opinion
of Galen. Only from the accompanying text can be learned that Vesalius was
fully aware that Galen had been wrong: ‘the line r terminates the fleshy part of
the upright muscle; in man this is the last part of its insertion, as can be seen in Ta-
ble IV at symbol n. The interval from r to s here marks the tendon or membrane or
fleshless part of the upright muscle in the simian abdomen’ (quote on p. 37-38) [38].
The paradox between Tabula V and accompanying text may, alternatively or
additionally, be explained in case the Tabula had been prepared in the period

that Vesalius was still heavily influenced by Galenic theory.
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Chapter 2. Vesalius on the hand and forearm muscles

Introduction
“When doctors supposed that only the care of internal complaints concerned them, consider-
ing a mere knowledge of the viscera as more than enough for them, they neglected the structure
of the bones and muscles, as well as of the nerves, veins and arteries that run through bones
and muscles, as of no importance for them” [1]. In this way Andreas Vesalius (1515-1564)
expressed his disgust of the neglect of muscular anatomy up until his time to Em-
peror Charles V, in the preface of his monumental De Humani Corporis Fabrica Libri
Septem (De Fabrica). Therefore, Vesalius “attempted a second dissection, my purpose being
to exhibit the muscles of the hand together with a more accurate dissection of the viscera. For
except for eight muscles of the abdomen, disgracefully mangled and in the wrong order, no
one (I speak the simple truth) ever demonstrated to me any single muscle, or any bone, much
less the network of nerves, veins and arteries” [1]. Vesalius acknowledged this attention
to muscles as a famous and decisive moment in his career by choosing the woodcut
portrait of himself exhibiting the muscles that control the hand at the forefront of his
work (See Figure 1.1) [1, 2].

After he performed that second dissection in Paris, in 1536 [3], Vesalius performed
many others in Louvain (1537) and Padua (1537-1542) before publishing De Fabrica,
in 1543. In doing so, he was the first to market an illustrated text on the freshly
dissected muscular anatomy of the human hand and forearm. This comprehensive
knowledge contributed to advancing hand surgery. In this chapter, we present the
outcome and limitations of Vesalius’ anatomical investigation of the muscles of the
hand and forearm.

Materials and Methods
The text of the second of seven books composing Vesalius’ De Fabrica, and the entire
text of Heseler’s eyewitness report of the public dissection of three corpses by Vesal-
ius in Bologna, Italy, in 1540, were searched for references to muscles of the hand or
forearm. For this inventory we used the digital copy of the first edition of De Fabrica
(1543) [4] and its English translation provided by Richardson and Carman [5], while
we used Heseler’s original text and its English translation as presented by Eriksson
[6]. For possible additional information or alternative interpretations of Vesalius’
original text we used the English translation as presented by Saunders and O’Malley
of Vesalius’ annotated anatomical drawings (Figures 2.1 and 2.2) [3].

First, each muscle that was identified was categorized as one of the muscles we cur-
rently recognize. Second, the muscle origins and insertions as observed by Vesalius
were compared to those currently accepted. Third, the functions attributed by Vesal-
ius to each muscle were compared to those currently understood. Where a muscle
was not obviously noted by Vesalius we compared our categorizations and the anno-
tated woodcut illustrations included in Vesalius’ De Fabrica, Tabulae Sex, and Epitome
[3].
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Results
Vesalius recognized most of the muscles we currently distinguish in the forearm and
hand (Table 2.1). He missed only one of the muscles we now distinguish in the hand:
the palmaris brevis muscle. He also noted the occasional absence of the palmaris
longus and flexor digiti minimi brevis muscles.

Many of Vesalius’ descriptions of the origins and insertions of the muscles match
current descriptions although he generally limited them to a single bony origin and
a single bony insertion. He largely disregarded any additional soft tissue attach-
ments such as the interosseous membrane or the retinaculum. Although favouring
five metacarpals, Vesalius followed Galen in regarding the thumb metacarpal as the
first phalanx of the thumb, hence the remainder are numbered I to IV (index to little
finger) [3]. Vesalius’ observations additionally differed from our current understand-
ing in three of the nine forearm muscles, and in 21 of the 31 individual muscles of the
hand (Tables 2.2 and 2.3) [7].

Vesalius based his assessment of muscle function simply on the anatomical locations
of origin and insertion missing additional vectors of contraction and movement (Ta-
bles 2.4 and 2.5). In addition he felt that the muscles acted across only one joint. He
also felt that the opponens digiti minimi muscle acted as one of “the eight .[..]. that
serve the four fingers” (Nos. 4 to 11 moving the fingers). We recognize these eight mus-
cles as six of the seven interosseous muscles, the opponens digiti minimi muscle and
the flexor digiti minimi brevis muscle, respectively.

Vesalius did not consider ‘opposition’ as a function of any individual muscle but,
rather, as the joint result of flexion of the ‘second thumb bone’ (the proximal phalanx
of the thumb) by three muscles (Nos. 14 – 16) moving the fingers: “It was necessary
for the four fingers to bend toward the carpus and for the thumb, opposing them in function,
to bend toward them. It was therefore appropriate that the three muscles flexing the second
thumb bone should take origin from the palm in a quarter circle, in other words along the
course of the line that the palmists refer to as the life line or the line of the heart” [5]. Vesalius
called the opponens pollicis muscle No. 25; he described it as “drawing the thumb to
the index finger”.

Discussion
Andreas Vesalius (Andries van Wesel) was born in Brussels as the second of four
children of the apothecary to the Habsburger Emperor Charles V, in 1515. He studied
in Louvain (1529-1533) and Paris (1533-1536). In France, he took lessons from the
famous physician Jacobus Sylvius, an ardent Galenist. Because of a war between the
Habsburgs and France, Vesalius returned to Louvain to take his licentiate in medicine,
in 1537. In December of 1537, he took his doctorate magna cum laude in Padua, Italy,
the leading medical university of his time.
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TABLE 2.1: Vesalius’ numbering of the muscles of the forearm and the hand
(left column) and the names they are currently known by (right column).

Muscles recognized by Vesalius Currently distinguished muscles

Forearm: moving the radius
No. 1 Pronator quadratus muscle
No. 2 Brachioradialis muscle
No. 3 Pronator teres muscle
No. 4 Supinator muscle

Forearm: moving the wrist
No. 1 Flexor carpi ulnaris muscle
No. 2 Flexor carpi radialis muscle
No. 3 Extensor carpi ulnaris muscle
No. 4 Extensor carpi radialis longus muscle

Extensor carpi radialis brevis muscle

Hand and forearm: moving the fingers
Muscle attached by his sinewy
thinness to the middle of the palm and
the skin on the inside of the fingers

Palmaris longus muscle

No. 1 Flexor digitorum superficialis muscle
No. 2 Flexor digitorum profundus muscle
No. 3 Flexor pollicis longus muscle
No. 4-9 2nd Through 4th dorsal interosseous and all 3

palmar interosseous muscles
No. 10 Opponens digiti minimi muscle
No. 11 Flexor digiti minimi brevis muscle
No. 12 Flexor pollicis brevis muscle, superficial head
No. 13 Flexor pollicis brevis muscle, deep head
No. 14 1st Dorsal interosseous muscle
No. 15 Adductor pollicis muscle, transverse head
No. 16 Adductor pollicis muscle, oblique head
No. 17 Extensor digitorum muscle
No. 18 Extensor digiti minimi muscle
No. 19 Extensor indicis muscle
No. 20 Abductor digiti minimi muscle
No. 21 Extensor pollicis longus muscle
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TABLE 2.1: (CONTINUED).

Muscles recognized by Vesalius Currently distinguished muscles

Hand and forearm: moving the fingers
No. 22 Abductor pollicis longus muscle
No. 23 Extensor pollicis brevis muscle
No. 24 Abductor pollicis brevis muscle
No. 25 Opponens pollicis muscle
No. 26-29 All 4 lumbrical muscles
Not recognized Palmaris brevis muscle

Fully convinced that anatomy can only be learned hands-on, he performed dissec-
tions of human cadavers both in Paris and Louvain. By the time he arrived in Padua
he had also completed a paraphrase of the Arab physician Rhazes’ ninth book. Con-
sequently, he was appointed Professor of Surgery the day after his doctorate and
started teaching anatomy by actually performing the public dissections himself. Thus
he completed six anatomical illustrations, the Tabulae Sex, in 1538, and his opus mag-
num De Fabrica and its summary the Epitome, in 1543.

From 1544 until the abdication of Charles V in 1555, Vesalius worked as medicus fa-
miliaris ordinaries of the Royal Court in Brussels, frequently travelling with Charles
V to battlefields and meetings abroad. Subsequently, he resumed the position of
Royal Surgeon to Charles’ son, King Philip II of Spain. By that time, he had be-
come alienated from his former teacher Sylvius, his former student and friend Realdo
Colombo and from his colleague physician Giovanni Battista Canano from Ferrara.
Hence, polemics were an important motive to publish the Epistola rationem modumque
propinandi radicis chynae (1546), the revised edition of the Fabrica (1555), and the Exa-
men (1564). For reasons not fully known, Vesalius went on a pilgrimage to the Holy
Land in 1564. A storm waylaid his ship on the return voyage and Vesalius died on
the Greek island of Zante, in October of 1564.

Although Vesalius’ remark in the preface to De Fabrica suggests that he attempted
merely “a second dissection ..[..].. to exhibit the muscles of the hand” [1], the observations
that he reported were made during multiple dissections he performed both legally
and illegally in the 5 years prior to his publication [8]. These observations may also
have been made by others as Vesalius probably worked in close collaboration with
co-workers of the artist Titian [3], who also gathered thorough knowledge of the hu-
man muscular anatomy from dissections performed by them and fellow-artists [9].
From Heseler’s eyewitness report on a later dissection it is clear that Vesalius spent
much time and effort in dissecting the muscles of the hand and forearm. Both the
novelty and appreciation of this practice were stressed by Heseler [6]. The ability to
note that some muscles do not occur in all individuals further stresses that Vesalius
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FIGURE 2.1: Detail of one of the famous “muscle men” in Vesalius’ De Fab-
rica (Tabula VI) showing part of the third level of dissection of the muscular

anatomy of the palmar side of the forearm and hand.
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TABLE 2.2: Parts of the origin or insertion of the forearm muscles that were
recognized or disregarded by Vesalius.

Muscle O/I* Parts of origin or insertion
recognized by Vesalius

Parts of origin or insertion
disregarded by Vesalius

No. 1 moving the
wrist; (flexor
carpi ulnaris)

O Inner tubercle of humerus Origin of the ulnar head
I The lower part of the fourth

carpal bone (pisiforme)
The extension to the hook of
the hamate and base of the
metacarpal of the little finger

No. 2 moving the
wrist; (flexor
carpi radialis)

I Root of the metacarpal bone
preceding the index finger,
it is strongly attached to the
inner part of the transverse
ligament.

Base of the metacarpal of the
middle finger

No. 2 moving the
radius;
(brachioradialis)

O Outer tubercle of humerus Proximal 2/3 of lateral
supracondylar humeral ridge
and intermuscular septum

*Abbreviation: O/I, origin or insertion.

must have based his anatomical knowledge on the dissection of many cadavers either
performed by himself or others.

Vesalius’ observations on the variety of muscles of the forearm and hand were exten-
sive and near complete. Still, he defined the origins and insertions of the forearm and
hand muscles in a rather limited way as nearly all muscles were allotted only one
bony origin and one bony insertion. Accordingly he considered some two-bellied
muscles as separate muscles; Nos. 12 and 13, the superficial and deep heads of the
flexor pollicis brevis muscle; and Nos. 15 and 16, the transverse and oblique heads of
the adductor pollicis muscle. On the other hand, he occasionally accepted that a mus-
cle may have two heads. As such, he considered the extensor carpi radialis longus
and brevis muscles that share their origin, as one muscle (No. 4 – moving the wrist)
that “about halfway along its length turns into a sturdy tendon that immediately divides into
two horns” [5]. Vesalius wrote about the extensor indicis and extensor pollicis longus
muscles (Nos 19 and 21) noting that “this means that I shall divide this beginnings into
two muscles, though as far as the rationale of the beginning is concerned I have no objection
to its two parts being regarded as a single muscle” [5].

His failure to recognize the palmaris brevis muscle can be explained by a trend in
Vesalius’ works, where he did not acknowledge muscles that both originate and in-
sert to any structure other than bone. For the muscles of the hand and forearm this
way of originating and inserting into the soft tissues is exceptional, while it is com-
mon in the muscles of facial expression [10]. Still, his failing to recognize the palmaris
brevis muscle is striking because Giovanni Battista Canano (1515-1578) depicted this
muscle in his treatise that was printed only 80 km south of Padua, in Ferrara, Italy,

23



Chapter 2. Vesalius on the hand and forearm muscles

TABLE 2.3: Parts of the origin or insertion of the hand muscles that were rec-
ognized or disregarded by Vesalius.

Muscle O/I* Parts of origin or insertion
recognized by Vesalius

Parts of origin or insertion
disregarded by Vesalius

Muscle attached by
his sinewy thinness
to .[..]. the fingers
(palmaris longus)

I Attached to the skin of the
hand all the way to the last
phalanx of the fingers

Volar aspect of the distal
flexor retinaculum

No. 1 moving the
fingers (flexor
digitorum
superficialis)

O Medial epicondyle of the
humerus and the medial
side of the coronoid process
of the ulna

First head at the ulnar
collateral ligament and the
coronoid process of the
ulna. Second head from the
superior half of the anterior
aspect of the radius

No. 4-9 moving the
fingers (palmar and
dorsal interosseous)

I Medial and lateral sides of
the proximal phalanges of
index, middle and ring
fingers

Aponeurosis that forms the
extensor expansion

No. 10 moving the
fingers (opponens
digiti minimi)

O Proximal medial aspect of
little finger metacarpal

Os hamatum and flexor
retinaculum

No. 11 moving the
fingers (flexor digiti
minimi)

O Lateral side of the middle
finger metacarpal, with a
connection to the capitate

Hook of the hamate bone
and the retinaculum

No. 12 moving the
fingers (flexor
pollicis brevis,
superficial head)

I Medial side of thumb
metacarpal

Radial sesamoid bone and
tendon of the extensor
pollicis longus muscle

No. 13 moving the
fingers (flexor
pollicis brevis, deep
head)

I Base of thumb metacarpal Extensor pollicis longus
tendon and both sesamoids

No. 14 moving the
fingers (first dorsal
interosseus)**

O Proximal thumb phalanx Metacarpals of thumb and
index finger

I Middle finger metacarpal Base of the proximal
phalanx of the index finger
and the aponeurosis that
forms the extensor
expansion the index, middle
and ring fingers

*Abbreviation: O/I, origin or insertion. **Note that Vesalius interchanged origin and insertion
of muscle No. 14 (first dorsal interosseous).
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TABLE 2.3: (CONTINUED).

Muscle O/I* Parts of origin or insertion
recognized by Vesalius

Parts of origin or insertion
disregarded by Vesalius

No. 16 moving the
fingers (adductor
pollicis, oblique
head)

O Ring finger metacarpal Bases of the index and
middle finger metacarpals
and the capitate bone

No. 19 moving the
fingers (extensor
indicis)

I Dorsal side of the proximal,
middle and distal phalanges
of the index finger, and
sometimes an extra tendon
to the middle finger, with
the same attachments

Extensor expansion of the
index finger

No. 20 moving the
fingers (abductor
digiti minimi)

O Pisiform bone Flexor carpi ulnaris tendon

No. 21 moving the
fingers (extensor
pollicis longus)

I The whole length of the
thumb

Base of distal phalanx of the
thumb only

No. 22 moving the
fingers (abductor
pollicis longus)

O Ulna Posterior aspect of radius
I Lateral side of the

trapezium
Base of the thumb
metacarpal

No. 23 moving the
fingers (extensor
pollicis brevis)

O Ulna Radius and interosseous
membrane

I Base of the carpometacarpal
joint of the thumb with a
connection to metacarpal 1
and the proximal and distal
phalanges 1

Base of the proximal
phalanx of the thumb only

No. 24 moving the
fingers (abductor
pollicis brevis)

O Anterior side of the
trapezium bone

Tubercles of the scaphoid

No. 25 moving the
fingers (opponens
pollicis)

O Medio-lateral side of index
metacarpal

Flexor retinaculum and the
trapezium bone

*Abbreviation: O/I, origin or insertion.
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FIGURE 2.2: Detail of Tabula X in Vesalius’ De Fabrica, showing part of the
third level of the dorsal muscular anatomy of the forearm and hand.
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TABLE 2.4: Functions of the forearm muscles that were recognized and
disregarded by Vesalius

Muscle Function according to
Vesalius

Function disregarded by
Vesalius

No. 2 moving the wrist
(flexor carpi radialis)

Flexes and radial abducts
the hand

Pronation

No. 4 moving the wrist
(extensor carpi radialis
longus et brevis)

Extends the wrist and
abducts to the radial side

Longus : elbow flexion; pro-
and supination
Brevis: flexion in elbow

No. 2 moving the radius
(brachioradialis)

Supinates the radius Accessory elbow flexion;
return to intermediate position
out of pro- and supination

No. 3 moving the radius
(pronator teres)

Pronates the radius Accessory elbow flexion

and which predated De Fabrica by some years [10]. Fallopius, with whom Vesalius
corresponded for some years after the publication of De Fabrica, even openly credited
Canano with the first description of the palmaris brevis [10].

In clustering muscles Nos. 4 to 11 (moving the fingers) as “the eight .[..]. that serve the
four fingers”, Vesalius grouped the opponens digiti minimi and flexor digiti minimi
muscles with the three palmar and 2nd to 4th dorsal interosseous muscles, whereas
he clustered the 1st dorsal interosseous with the “three that serve the second thumb
bone” (No. 14 to 16), along with the two heads of the adductor pollicis muscle. Our
interpretation differs from that suggested by Richardson and Carman; they felt that
Vesalius’ muscles Nos. 14 to 16 were the adductor pollicis muscle while this muscle
features only two bellies [5].

Vesalius reported a variation in the number of inserting tendons of the muscles that
“act together to extend the four fingers and abduct them from the thumb” (Nos. 17 to 19).
He noted that the extensor digitorum muscle (No. 17) may have three tendons (to
the index, middle, and ring fingers) or four (with an extra tendon to the little finger).
Likewise he noted that the extensor digiti minimi muscle (No. 18) may have one
or two tendons, whereas the extensor indicis muscle (No. 19) may feature a second
tendon to the middle finger. His explanation for this variety is that these tendons
“each broaden out as though dividing up into many; they become much broader and thinner
so that they may mingle with each other at the root of the fingers in a remarkable array with no
consistent pattern, a conspicuous portion of one tendon reaching over to the tendon of another
finger” [5].

Vesalius’ arrangement of the chapters and, thereby, his presentation of the muscu-
lar anatomy reflects his interest in functional anatomy rather than in the systematic
anatomy we are currently used to practice. In Galenic tradition, he numbered the
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TABLE 2.5: Functions of the hand muscles that were recognized and
disregarded by Vesalius.

Muscle Function according to
Vesalius

Function disregarded by
Vesalius

Muscle attached by his
sinewy thinness to .[..]. the
fingers (palmaris longus)

No movement of any bone Wrist flexion and tightening
of palmar aponeurosis

No. 2 moving the fingers
(flexor digitorum
profundus)

Flexion of the third bone of
the five digits

Flexion at the proximal
inter-phalangeal joints,
metacarpophalangeal
joints, and wrist

No. 4-9 moving the fingers
(interosseous)

Flexing the first joints of the
four fingers

Dorsal: Abduct the fingers
from an imaginary line
through the middle finger
and support in extension of
the 2 distal phalanges at the
interphalangeal joints
Palmar: Adduct the fingers
to the same imaginary line
and support in extension of
the 2 distal phalanges at the
interphalangeal joints

No. 12 moving the fingers
(flexor pollicis brevis,
superficial head)

Flexes the first internode of
the thumb (=carpometa-
carpal joint)

Indirectly: opposition of the
thumb

No. 13 moving the fingers
(flexor pollicis brevis, deep
head)

Flexes the first internode of
the thumb (=carpometa-
carpal joint)

Indirectly: opposition of the
thumb

No. 14 moving the fingers
(first dorsal interosseus)

Flexes the second internode
of the thumb, when acting
with No. 15 and No. 16.
Operating alone, it directs
the thumb upward toward
the index finger

Abducts and flexes the
finger in the
metacarpophalangeal joints
and aids extension of the 2
distal phalanges in the
interphalangeal joints

No. 17 moving the fingers
(extensor digitorum)

Acts together with No. 18
and No. 19 to extend the
four fingers and abduct
them from the thumb

Participates in wrist
extension when the fingers
are extended
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TABLE 2.5: (CONTINUED).

Muscle Function according to
Vesalius

Function disregarded by
Vesalius

No. 18 moving the fingers
(extensor digiti minimi)

Chief extender of the little
finger. In case of an
insertion on the ringfinger,
also extending the ring
finger

Participates in wrist
extension when the fingers
are extended and abducts
the wrist to the ulnar side

No. 19 moving the fingers
(extensor indicis)

Abducting the index, and
sometimes the middle
finger and extension of the
little finger*

Extends all joints of the
index finger and helps
extending the wrist

No. 21 moving the fingers
(extensor pollicis longus)

Evert and extends the
thumb in a straight line
when acting with No. 22.

Supination of forearm

Everting the thumb
towards the index finger
when operating solely

Supination of forearm

No. 22 moving the fingers
(abductor pollicis longus)

Evert and extends the
thumb in a straight line
when acting with No. 21.

Lateral rotation of the
thumb

Abducting and extending
of the thumb when
operating solely

Lateral rotation of the
thumb

No. 23 “not moving the
fingers” (extensor pollicis
brevis)

Extends the wrist and
contributes to the rotation
of the radius

Extension of the proximal
phalanx 1. Additionally:
extension of metacarpal 1

No. 25 moving the fingers
(opponens pollicis)

Takes up the action of no.
21 that everts the thumb
outwards

Rotation of the 1st
metacarpal, opposing the
thumb against the fingers

No. 26-29 moving the
fingers (lumbricals)

Adduction of the four
fingers sideways toward
the thumb.

Flexion of the
metacarpophalangeal joints
and extension of the
interphalangeal joints

*We agree with Richardson and Carman that the addition “and extends the little finger” is a
misprint or repetition as it is part of the description of muscle No. 18 (where it is mentioned

as such).
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muscles in accordance to their action, rather than naming them [11]. In Vesalius’ era,
no distinction was made between morphology and function [3]. Many of the muscles
of the forearm and hand we currently recognize have complex, and often multiple,
functions. Furthermore, as Vesalius limited the origin or insertion of many muscles
to one bony site and considered them to act across only one joint, he did not investi-
gate muscular functions in vivo and his descriptions of these function were relatively
limited in comparison to the current understanding. As such, Vesalius considered
the lumbrical muscles to be “adductors of the four fingers towards the thumb”, while we
currently regard them as flexors of the finger metacarpophalangeal joints and exten-
sors of the interphalangeal joints.

Conclusion
We conclude that the first marketed illustrated text on the freshly dissected human
muscular anatomy of the hand and forearm was nearly complete regarding the anatomy
of the muscles that we currently recognize but incomplete regarding their function.
Vesalius was the first to acknowledge this when he noted: “But I offer one friendly word
of advice, that no one should accept what this book or any other says, however much it has
been approved by age or authority, without first, and more than once, testing what it says by
means of careful dissection” [5].
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Introduction
The palmaris longus muscle is a slender flexor muscle of the forearm and is thought
to tense the palmar aponeurosis in movements of the hand and to provide palmar
flexion. The incidence of unilateral or bilateral absence of the palmaris longus varies
from 1.5 per cent to 63 per cent with multiple influential factors such as body size,
gender, ethnicity, and populations [1]. To date, Matteo Realdo Colombo (or Renal-
dus Columbus, c. 1516, Cremona, Italy – 1559, Rome, Italy) has been acknowledged
as having been the first to record, in 1559, this possible absence in his work De Re
Anatomica Libri XV (De Re Anatomica) [1-4]. Such acknowledgement denies the earlier
record by Andreas Vesalius (1515-1564), the founder of modern anatomy, in his De
Humani Corporis Fabrica Libri Septum (De Fabrica) that was published in 1543. In this
chapter, we present his record of this muscle and its possible absence and discuss his
observations.

Vesalius’ description of the palmaris longus muscle and its absence
Vesalius described the palmaris longus muscle in the 41st chapter of the second of
the seven books comprising De Fabrica. This 87-paged second book was entirely de-
voted to The Ligaments and Muscles. The part devoted to the muscles of the arm and
hand opens with the palmaris longus muscle as it was the first muscle that Vesal-
ius encountered during his dissection. He indicated this “Muscle attached by its sinewy
thinness to the middle of the palm and the skin on the inside [palmar side (R.J.B. and J.J.H.)]
of the fingers” in Tabulae I, II, III, and IV representing four of his famous ‘muscle-men’
(Figures 3.1 and 3.2) [5] and described it as follows [6]: “.[..]. the muscle whose sinewy
thinness broadens out to stretch under almost the whole of the bare, hairless portion of the
hand. This muscle grows out by means of a sinewy and rounded beginning from the apex of
the inner tubercle of the humerus; it lies over and is attached to the middle of the two muscles
that flex the wrist (which come forth from the same tubercle). Others write that it lies between
their heads, but this is not so. Its beginning becomes immediately thicker and fleshy and forms
a muscle belly that is not overly thick; this proceeds rather obliquely to a point halfway along
the length of the forearm, and then becomes thin and slender once again and ends in a tendon
that is narrow but broader than it is deep and not at all rounded. This reaches all the way to
the root of the wrist; in the inner area of the wrist it begins to broaden out, and is attached to
the skin of the hand all the way to the last phalanx of the fingers. The fibrous connections by
which this attachment is achieved are so strong and continuous that it is difficult to separate
the skin on the inside of the hand from the sinewy thinness of the tendon even with a sharp
razor. Yet, if Galen thought that this tendon is attached to the whole of the hairless area of
the hand in man (as he says it is in apes), his opinion is certainly not to be accepted as the
truth. In fact the tendon is attached only to the skin in the middle of the hollow of the palm
but does not touch the skin covering the muscle that we shall describe as abducting the little
finger obliquely from the others, nor does it stretch under the skin that covers the musculous
flesh lying over the first joint of the thumb and comprising several muscles. In addition, no
portions of this tendon run to the sides of the fingers; but it can with great difficulty be seen to
be attached also to the inner area of the fingers. The muscle producing this tendon is slender,
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FIGURE 3.1: Tabula I of Book 2 - Ligaments and Muscles of the first print of
Vesalius’ De Humani Corporis Fabrica Libri Septum that was published in 1543.
It shows the first of the famous, so-called muscle-men. The letter Y on the
right arm indicates the “muscle extending a broad tendon into the hand .[..].” [5]
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and in the middle of the forearm stretches, as we pointed out, over the others of this region. It
is nowhere embraced by a ligament peculiar to it, and broadens out only in the hand. There
was no reason for it to be large since, in our view, it is not responsible for the movement of
any bone.”

Following, Vesalius described his observations on the absence of the palmaris longus
in a paragraph titled The Muscle Whose Tendon Broadens Out is Sometimes Missing [6]:
“At both Padua and Bologna I have more than once had occasion to point out that the muscle
we are now considering was undoubtedly not present, and that the portion of the tendons
flexing the wrist, before they pass the wrist, ended in the broad tendon. Sometimes, indeed,
we have seen that the portion which plays the part of the broad tendon extends, not from those
tendons, but from the transverse ligament that covers the tendons on the inside of the wrist.
Similarly, in humans (though not in apes) no tendon broadens out beneath the foot, for (as
you will hear) a membrane very similar to the broad tendon grows out from the heel bone.”

Discussion

Vesalius and his observation on the absence of the palmaris longus muscle
Vesalius’ De Fabrica revolutionized the study of anatomy and led to the overturn of
the Galenic system that had dominated science for fourteen centuries [7]. In his work,
Vesalius led the way through human anatomy by describing his actual dissections
and discoveries. This way, he corrected approximately two hundred references to
anatomical structures that had erroneously been attributed to human anatomy by
Galen who had based his knowledge on the dissections of animals [7]. In his descrip-
tion of the palmaris longus muscle Vesalius acknowledged that others had previously
described this muscle but indicated the flaw in the observations of Galen, stressing
twice that the anatomy of men is unlike the anatomy of apes.

Still, even Vesalius’ description was not flawless as he reported that “it can with great
difficulty be seen to be attached ..[..].. to the skin of the hand all the way to the last phalanx of
the fingers” (Figure 3.2) [6]. Obviously, he considered the aponeurosis palmaris to be
part of the muscle’s tendon and over-estimated the distal extension of this aponeu-
rosis. Moreover, Vesalius held the view that the palmaris longus was “not responsible
for the movement of any bone.” [6] While this is true literally, he probably oversaw that
the palmaris longus helps flexing the hand at the wrist. Remarkedly, Vesalius com-
mented on the presence of “the portion which plays the part of the broad tendon” in case
of absence of the muscle proper by noting its similarity to the fascia plantaris.
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FIGURE 3.2: Tabula IV of Book 2 - Ligaments and Muscles of the first print of
Vesalius’ De Humani Corporis Fabrica Libri Septum. The λ on the structure dan-
gling down from the right hand indicates the “broad tendon of the hand together
with its own tendon, hanging down from the topmost phalanges of the four fingers of

the right hand .[..].” [5]
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Colombo and the observation on the absence of the palmaris longus muscle
Colombo had been an apprentice to the Venetian surgeon Giovanni Antonio Lonigo
for seven years before he enrolled at the University of Padua to study medicine, in
1540. He was noted to be an exceptional student of anatomy and praised by Vesal-
ius in the first print of De Fabrica as “my close friend [Realdo Colombo] a keen student
of anatomy who is at present Professor of Sophistics at Padua” [8]. When Vesalius left for
Basel to oversee the printing of De Fabrica, toward the end of 1542, Colombo was com-
missioned temporarily by the rectors of Padua to teach anatomy in Vesalius’ place [9].
Although elected to succeed Vesalius as lecturer in surgery and anatomy in Padua by
the Venetian Senate in 1544, Colombo moved to Pisa at the behest of Cosimo I de
Medici. In 1548, he moved on to Rome to teach at Sapienza. In Rome, he befriended
(and treated) Michelangelo with whom he intended, but failed, to publish an illus-
trated anatomy text to rival Vesalius’ De Fabrica. Instead, his non-illustrated text De
Re Anatomica was published posthumously, in 1559, through the efforts of his sons
[10]. In a separate eight-paged part titled Book XV, Those things rarely found in anatomy
that followed the main body of text of the De Re Anatomica Colombo noted: “I saw
some in whom certain muscles were lacking, as in some notable madmen during whose dis-
section I was very watchful; I observed that they lacked that muscle from which a broad tendon
extends in the palm; they did not lack that wide tendon, but it arose not from the aforesaid
muscle but from the brachial ligament.” [10]

Priority of the observation on the absence of the palmaris longus muscle
Over time, the relationship between Colombo and Vesalius deteriorated. While teach-
ing Vesalius’ classes in 1543 Colombo pointed out several errors Vesalius made, most
notably his attributing properties of veterinarian eyes to the human eye. When Vesal-
ius found out upon his return to Padua, he was outraged. He publicly ridiculed
Colombo, stating he was “an uneducated man, a half knower, who learned something from
me about anatomy .[..].” [9] and deleted all mention of Colombo from the second print
of De Fabrica. By the time Colombo’s De Re Anatomica was published, both men had
become bitter rivals. Consequently, it remains unknown whether the observation
on the absence of the palmaris longus was based on joined work, or plagiarized by
Colombo. Colombo’s work owed not a little to Vesalius’ De Fabrica and Colombo al-
legedly was “not loathe to appropriate the work of others and to announce quite blandly that
the discovery was his own” [10].

Conclusion
We conclude that Colombo has not been the first to record the possible absence of the
palmaris longus muscle as Vesalius already noted it in his De Fabrica, some 16 years
earlier.
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Introduction
Andreas Vesalius (Brussels 1515 - Zante 1564) is considered the father of modern
anatomy. His monumental work De Humani Corporis Fabrica Libri Septem (De Fabrica)
was the first marketed illustrated text on the human anatomy that was fully based on
complete dissection of human cadavers. Unlike his predecessors, furthermore, Vesal-
ius performed all his dissections himself. Moreover, he was the first to start his public
dissections with the skeletal muscles rather than with the abdominal and thoracic in-
ner organs. Consequently, he was the first to comprehensively record the anatomy
and function of all shoulder muscles instead of just the most superficial ones (e.g.
the deltoid muscle) [1]. Only such thorough knowledge of this anatomy allowed the
evolution of surgery of the shoulder after that.

Materials and Methods
The shoulder muscles can be separated into four groups. First are the scapulothoracic
muscles that control the motion of the scapula. The second group consists of the
strictly glenohumeral muscles that work across that joint. Third, those muscles that
cross two or more joints can be distinguished. Finally, there are four muscles that are
not directly involved with functioning of the shoulder but are important anatomic
landmarks [2].

We screened the text of the second of the seven books composing Vesalius’ De Fabrica,
and the entire text of Heseler’s eyewitness report of the first public dissection of three
corpses by Vesalius in Bologna, Italy, in 1540, for references to the first three groups
of these muscles (Table 4.1). For this inventory, we used the digital copy of the first
edition of De Fabrica [3], and the English translation of that edition, which was first
published by Richardson and Carman in 1999 [4]. We used Heseler’s original text
and its English translation as presented by Eriksson [5].

Because Vesalius numbered the muscles in accordance to Galenic tradition rather
than named them, all muscles had to be identified by the description provided in De
Fabrica. Each muscle thus identified was categorized as one of the muscles we cur-
rently recognize. Second, the muscles’ origin and insertion as observed by Vesalius
were compared to those currently accepted. Third, the functions attributed to each
muscle by Vesalius were compared to those currently accepted. We were ready to
scrutinize our categorization and all of the woodcut illustrations included in Vesal-
ius’ works in case no mention at all was found in Vesalius’ texts of any of the cur-
rently recognized muscles. Additional information and alternative interpretations of
Vesalius’ original text were gathered using the anatomical drawings of Vesalius with
English annotations and translations presented by Saunders and O’Malley, in 1982
[6].
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FIGURE 4.1: Detail of Tabula II of Vesalius’ famous muscle men illustrated
in De Fabrica showing the following shoulder muscles: the deltoid (M), teres
major (k), infraspinatus (i), trapezius (K), triceps brachii (O,P,Q), brachialis

(N), latissimus dorsi (γ), and serratus anterior (o,o,o) muscles.
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FIGURE 4.2: Detail of Tabula V of Vesalius’ De Fabrica, showing the deltoid
(γ), pectoral minor (Γ,i,k,l), the serratus anterior (m), and the biceps brachii

(ζ) muscles.
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Results

Variety of shoulder muscles
Heseler reported how Vesalius spent most of the sixth and part of the seventh of the
26 demonstrations during the public dissection “to demonstrate the anatomy of the mus-
cles of the shoulder, of the shoulder blades, of the neck and of part of the upper arm.” [5] Like
the famous muscle men in De Fabrica (Figures 4.1 and 4.2), Heseler’s report clearly
illustrated how Vesalius dissected layer after layer of the shoulder muscles until he
reached the humerus, scapula, clavicula, and thoracic wall [5]. In De Fabrica, we
found references to the currently recognized shoulder muscles in the chapters XLVI
on ‘Muscles that Flex and Extend the Elbow’, XXIII on ‘Muscles Moving the Arm’, XXIV
on ‘Dissection of the Muscles Moving the Arm’, XXVI on ‘Muscles Moving the Scapula’,
XXVII on ‘Dissection of the Muscles Moving the Scapula’, and XXXV on ‘Muscles Moving
the Thorax’. Vesalius distinguished all shoulder muscles except the teres minor mus-
cle (Table 4.1).

Origin and insertion of the shoulder muscles
Most of Vesalius’ descriptions of the origins and insertions of the muscles are in ac-
cordance with current ideas. His observations basically differed from modern views
in six of the 17 shoulder muscles (Table 4.2). Because Vesalius considered the serratus
anterior muscle to primarily be a muscle moving the thorax he interchanged its origin
and insertion.

Function of the shoulder muscles
Vesalius’ considerations on muscular functions in general tended to be limited and
mechanically basic. Hence, he failed to recognize additional functional vectors of
14 of the 17 muscles (Table 4.3). Furthermore, he did not report any function in an
additional joint when muscles crossed two or more joints (e.g. biceps brachii muscle).

Accepting the serratus anterior muscle as a mover of the thorax, Vesalius considered
its function to be “pulling all the ribs outward, thus expanding the thorax”. Still, he re-
marked that “you should ponder very carefully whether ..[this muscle].. stretches from the
base of the scapula to the ribs and therefore serves the thorax, or whether it takes origin from
the ribs and inserts into the scapula and therefore moves the scapula” [4].
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TABLE 4.1: Vesalius’ numbering of the muscles of the shoulder and the names
that are currently used.

Muscles recognized by Vesalius Currently distinguished muscles

Scapulothoracic muscles
No. 1 moving the scapula Pectoralis minor muscle
No. 2 moving the scapula Trapezius muscle
No. 3 moving the scapula Levator scapulae muscle
No. 4 moving the scapula Rhomboid muscles
No. 1 moving the thorax Subclavius muscle
No. 2 moving the thorax Serratus anterior muscle

Glenohumeral muscles
No. 1 flexing the elbow* Coracobrachialis muscle
No. 2 moving the arm Deltoid muscle
No. 3 moving the arm Teres major muscle
No. 5 moving the arm Supraspinatus muscle
No. 6 moving the arm Subscapularis muscle
No. 7 moving the arm Infraspinatus muscle
Not recognized Teres minor muscle

Multiple joint muscles
No. 1 moving the arm Pectoralis major muscle
No. 4 moving the arm Latissimus dorsi muscle
No. 1 flexing the elbow* Biceps brachii muscle
No. 1-3 extending the elbow Triceps brachii muscle

*Please note that Vesalius regarded the coracobrachial and biceps brachii muscles as one muscle.

Discussion

Variety of shoulder muscles recognized by Vesalius
Vesalius’ observations on the variety of the shoulder muscles were near complete.
That the teres minor muscle shares its locations of origin and insertion and its direc-
tion of fibers with the infraspinatus muscle may well explain that he failed to rec-
ognize it separately. According to William Harvey, it was Fallopius (1523 - 1562)
who distinguished the teres minor muscle as the eighth muscle moving the arm [7].
Fallopius published this and other corrections of Vesalius’ work in his Observationes
Anatomicae in 1561, well after the first and second editions of De Fabrica.

The three heads of the triceps brachii muscle were recorded by Vesalius as three sep-
arate muscles. Still, he recognized that these may “mingle .[..]. so completely that in
humans they cannot be distinguished and one might well assert that they are one muscle
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formed out of three.” [4] In contrast, Vesalius viewed some muscles that we currently
consider separately, as one muscle. As such, he viewed the biceps brachii and cora-
cobrachialis muscles together as the first flexing muscle of the elbow even though he
recognized that this one muscle “is in a way double, not in the sense that it is divided but
in the sense that it shows two different types of substance.” Moreover, he rightly described
the two origins of that first flexing muscle at the “more prominent part of the neck of the
scapula or from the upper area of the rim of its socket” (or supraglenoid tubercle of the
scapula) and the “inner process of the scapula (likened by us to an anchor)” (or coracoid
process) [4]. He recorded their insertion as “its own private roughness” of the humerus
and “the inner area of the radius, with some attachment to the ligament of the joint”, ig-
noring the non-bony insertions to the bicipital aponeurosis and the deep fascia of the
forearm.

TABLE 4.2: Parts of the origin of insertion of the shoulder muscles that were
recognized or disregarded by Vesalius.

Muscle O/I* Origin or insertion
recognized by Vesalius

Parts of origin or
insertion disregarded by
Vesalius

No. 1 moving the
arm (pectoralis
major)

O Half the breadth of the breast
bone and its cartilages, the
cartilages of the seventh and
eighth ribs, half of the clavicle

Aponeurosis of the
external abdominal
oblique muscle

No. 5 moving the
arm (supraspinatus)

I The ligament of the joint Greater tubercle of the
humerus

No. 6 moving the
arm (subscapularis)

I The inner area of the joint Lesser tubercle of the
humerus

No. 7 moving the
arm (infraspinatus)

I The ligament of the joint Greater tubercle of the
humerus

No. 2 moving the
scapula (trapezius)

O From the occiput to the apexes
of the spines of the vertebrae
.[..]. down to the eighth
thoracic vertebra

Nuchal ligament,
supraspinous ligament,
spinous processes
through the 12th thoracic
vertebra

No. 1 flexing the
elbow
(coracobrachial and
biceps brachii)

I One part inserts into its own
private roughness of the
humerus, the other part
inserts into the inner area of
the radius

Biceps: bicipital
aponeurosis and deep
fascia of the forearm

* Abbreviation: O/I, origin or insertion.
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TABLE 4.3: Functions of the shoulder muscles that were recognized and dis-
regarded by Vesalius.

Muscle Function according to
Vesalius

Function disregarded by
Vesalius

No. 1 moving the arm
(pectoralis major)

Adducts the arm to the
chest

Medial rotation, flexion of the
arm and forced inspiration

No. 2 moving the arm
(deltoid)

Raising the arm to the front,
side and back

Adduction, medial rotation and
lateral rotation

No. 3 moving the arm
(teres major)

Moves the arm toward the
back

Adduction, medial rotation and
extension of the arm

No. 4 moving the arm
(latissimus dorsi)

Moves the arm downward Adduction, medial rotation and
extension of the arm

No. 5 moving the arm
(supraspinatus)

Rotates the arm Abduction

No. 6 moving the arm
(subscapularis)

Rotates the arm Adduction

No. 7 moving the arm
(infraspinatus)

Rotates the arm outward Upper part: abduction
Lower part: adduction

No. 1 moving the
scapula (pectoralis
minor)

Drawing the scapula to the
chest without inclining
either way

Depression of scapula

No. 2 moving the
scapula (trapezius)

Drawing the scapula
upward, downward and
straight backward toward
the spinal column

Lateral rotation. Draws the head
backwards and somewhat to the
opposite side

No. 3 moving the
scapula (levator
scapulae)

Pulls the scapula upward
and forward

Draws the scapula medially.
When the scapula is held in a
fixed position, this muscle bends
the neck laterally and rotates it
slightly to the same side

No. 4 moving the
scapula (rhomboid
minor and major)

Draws the scapula
backward toward the spinal
column and slightly
upward

Medial rotation and fixation of
the scapula

No. 2 moving the
thorax (serratus
anterior)

Expanding the thorax or
producing movement of the
scapula forward along the
sides of the thorax

Fixation, depression, lateral
rotation, protraction of the
scapula. Elevation of the arm

Nos. 1 - 3 extending
the elbow (triceps
brachii)

Extending the elbow Long head of triceps: adduction
and retroflexion of the arm
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TABLE 4.3: (CONTINUED).

Muscle Function according to
Vesalius

Function disregarded by
Vesalius

No. 1 flexing the
elbow
(coracobrachialis and
biceps brachii)

Flexing the elbow Coracobrachialis: flexion in the
shoulder, adduction, rotation of
the elevated arm
Biceps: flexion in the shoulder,
medial rotation and supination
Long head of biceps: abduction
Short head of biceps: adduction

Contrary to “several anatomical experts” Vesalius refused to regard the pectoralis major
muscle as two muscles, for “this muscle has a broad beginning from various bones, and has
fibers that intersect to produce a contrary pattern, and in addition causes distinct movements
[..] but I shall continue to count it as only one in the context of my discourse” [4].

Limited locations of origin and insertion of the shoulder muscles
In general, Vesalius tended not to appreciate that muscles can be attached to anything
else than bony structures. As Heseler reported in his eyewitness report, Vesalius felt
that “muscles begin at the processes of the bones .[..]. and end again .[..]. at the processes of
the bones.” [5] Still, he occasionally recognized some attachment to a ligament, such
as in the case of the insertions of muscle No. 1 flexing the elbow (biceps brachii and
coracobrachialis) that features “some attachment to the ligament of the joint” and those
of muscles Nos. 5 and 7 moving the arm (supraspinatus, infraspinatus and teres mi-
nor), that insert “into the ligament of the joint”.

Basic functions of the shoulder muscles
We now know many of the shoulder muscles to have multiple vectors of function.
In Vesalius’ time, however, no separation was made between anatomical morphol-
ogy and function [6]. Vesalius descriptions of muscular functions were, furthermore,
relatively limited because he did not investigate these in vivo. Additionally, Vesalius
considered all muscles to act across one joint only. As such, he recorded the biceps
and triceps brachii muscles to solely flex and extend the elbow and failed to recog-
nize their great power for supination of the forearm and anteflexion in the shoulder,
respectively retroflexion and adduction. On the other hand, he recorded the ability
to contract in various directions of some muscles, albeit only of those muscles that
have an obvious attachment to multiple bone structures such as the deltoid muscle
and the trapezius muscle.
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Vesalius restricted the shoulder movements to rotation and movements in the sagittal
and frontal planes, as may be clear from his stating: “the arm moves forward to the chest,
backward to the spine, upward to the neck and head, and downward to the sides of the thorax.
In addition to these movements, it also moves in a circle, or rotates like a stick that you hold
between your two hands .[..]. The arm therefore has three types of movement” [4]. Hence, he
failed to explain circumduction that is composed of changing combinations of these
various movements.

Vesalius remarked that the serratus anterior muscle “(following other anatomists) shall
[be] described when we deal with the muscles moving the thorax.” in chapter XXXV on
‘Muscles Moving the Thorax’ even though it may be “concluded that it too moves the
scapula”. Thus, he already realized that certain shoulder muscles may be viewed
as accessory respiratory muscles as well as movers of the shoulder girdle when he
wrote: “I would have you consider with some care whether the present muscle comes from
the scapula and is inserted into the ribs and these vertebrae and so serves to move the thorax,
or whether it takes origin from the ribs and these vertebrae and insert into the scapula and
might therefore be regarded as producing movement of the scapula forward along the sides of
the thorax” [4].

Conclusion
We conclude that the first marketed illustrated text on the freshly dissected human
muscular anatomy of the shoulder was near complete regarding the shoulder mus-
cles that we currently recognize but incomplete regarding their function. Vesalius
himself was the first to express this possibility of failure when he advised his students
to rely on their own observation during dissection, rather than on what authorities
claimed: “I do not want to give you my opinion, please do feel yourselves with your own
hands and trust them” [5].
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Introduction
The shoulder rotator cuff is defined as a group of four scapulohumeral muscles and
their tendons that act to stabilize the glenohumeral joint. The tendons of these supra-
spinatus, subscapularis, infraspinatus, and teres minor muscles blend with the gleno-
humeral joint capsule as they insert on the greater and lesser humeral tubercle [1, 2].
Besides stabilizing the shoulder by compressing the humeral head into the glenoid
fossa, the four muscles endo- and exo-rotate the humerus relative to the scapula and
provide muscular balance that allows precise coordination of movement [2].

The earliest published description of a rotator cuff tear was by Alexander Monro
in 1788, when he described a “hole with ragged edges in the capsular ligament of the
humerus” [2, 3], but so far, the first description of the rotator cuff per se remained
unidentified [4, 5]. We came across an unmistakable record of this functional entity
in the second of seven books compounding Vesalius’ De Humani Corporis Fabrica Libri
Septum (De Fabrica). In this chapter, we present his record of this entity and discuss
the shortcomings of his observations.

Materials and Methods
The text of Vesalius’ Book II - The Ligaments and Muscles of De Fabrica and the entire
text of Heseler’s eyewitness report of the public dissection of three corpses by Vesal-
ius in Bologna, Italy, in 1540, were searched for references to the four rotator cuff
muscles and their function. 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. For this inventory we used the digital copy of the
first print of De Fabrica (1543) [6] and its English translation provided by Richardson
and Carman [7], while we used Heseler’s original text and its English translation as
presented by Eriksson [8].

Vesalius’ description of the rotator cuff
Vesalius acknowledged that “the head of the humerus was made large and round and the
socket of the scapula neither very broad or very deep” and that, therefore, “Nature produced
certain processes of the scapula and various ligaments binding the bones together so that this
loose joint should not be left without adequate protection nor the humerus be dislocated by
some particular movement” [7]. Before describing the ligaments of the joint, however,
he presented “most of the muscles that keep it together.” Among these muscles, Vesalius
“showed the muscles which move the arm in a circle: they are placed round the head of the bone
of the arm opposite to each other and they move the arm round in both directions” during the
seventh of twenty-six demonstrations in Bologna [8]. In De Fabrica, Vesalius noted
to “recognize three muscles that rotate the arm; they all take origin from the scapula and
are implanted by means of broad tendons into the membranes containing the joint” [7]. He
described these muscles as the fifth, sixth, and seventh “muscles moving the arm” (Fig-
ures 5.1 and 5.2). His descriptions fit the currently recognized supraspinatus muscle,

54



Chapter 5. Vesalius and the rotator cuff concept

subscapularis muscle, and conjoined infraspinatus and teres minor muscles, respec-
tively.

Vesalius furthermore observed that “the tendons of the three muscles that rotate the arm
embrace the ligaments of the joint virtually in a complete circle” and that they all insert
“into the ligament of the joint” [7]. This ligament, “the one that all joints have,” “sur-
rounds the whole joint, being inserted into the root of the inner head of the humerus and also
implanted into the mass of the whole outer head and the neck of each head.” [7] This descrip-
tion corresponds with the greater and lesser humeral tubercle as the area of insertion
of the rotator cuff muscles.

Vesalius went on to describe the ligaments we now distinguish as the coracohumeral
ligament and two of the three parts of the glenohumeral ligaments. He observed that
their “function is to keep the humerus from slipping downward or outward from the socket
in the scapula” and that these “three strong ligaments .[..]. bind the humerus into the socket
of the scapula, in addition to the common bond that surrounds all joints like a membrane
and is sometimes thin and sometimes thick” [7]. By his acceptance of the insertion of
their tendons into that common bond of the joint Vesalius implicitly appreciated the
binding structure of the rotator cuff tendons with its binding and stabilizing function.
This way, he defined the rotator cuff concept avant la lettre.

FIGURE 5.1: Detail of Tabula XI of the famous muscle men in Vesalius’ Hu-
mani Corporis Fabrica Libri Septem showing the supraspinatus muscle (G) and
the infraspinatus and teres minor muscles (I) with their insertion on the gleno-

humeral capsule (K)
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Discussion
In 1543, Andreas Vesalius (1515-1564) described the anatomical parts and biomechan-
ical functions of what is currently known as the shoulder rotator cuff. His description
fully agreed with Antony F. DePalma’s remark that the glenohumeral “capsule (the
superior, anterior and posterior portions of which blend with the tendinous insertion of the
rotator muscles), together with the coracohumeral ligament, provides much stability to the
joint” [9].

Vesalius’ failure to discriminate between the infraspinatus and teres minor muscles
may easily be explained by their often being inseparable from each other [2]. The teres
minor muscle was not recognized separately until after the publication of Fallopius
[10]. Likewise, Vesalius discriminated only “three strong ligaments that bind the humerus
in its socket.” We agree with Richardson and Carman that Vesalius probably failed to
recognize the middle part of the glenohumeral ligament as it may be absent in up to
30 per cent of human shoulders [11].

FIGURE 5.2: Detail of Tabula VII in Vesalius’ Humani Corporis Fabrica Libri
Septem showing the subscapularis muscle (Γ) and its insertion on the gleno-

humeral capsule (K)
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Vesalius’ failure to record that the rotator cuff muscles help provide the muscular
balance that allows precise coordination of movement may be explained by his lack
of muscle function examination in vivo. In general, Vesalius’ descriptions of mus-
cle functions were mechanically basic and lacking the concept of movements result-
ing from simultaneous action of multiple muscles. As such, he ascribed the rotating
function of the arm exclusively to the rotator cuff muscles whereas the biceps brachii,
pectoralis major, deltoid, lattisimus dorsi, and teres major muscles are currently con-
sidered to help rotate the arm.

Conclusion
We conclude that Vesalius recognized the need of a structure, or structures, that pre-
vent dislocation of the shoulder inherent to the morphology of the humeral caput
and scapular socket. He recorded “three strong ligaments” and the “three muscles that
rotate the arm” of which the tendons completely “embrace the ligaments of the joint” as
such structures. In doing so, Vesalius was the first to record the rotator cuff concept.
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Introduction
Because of their relevance for liposuction and rhytidectomies, respectively, the super-
ficial fascial system (SFS) and superficial musculo-aponeurotic system (SMAS) have
been thoroughly studied over the past decennia, by plastic surgeons and anatomists
alike [1-10]. The SFS is a connective tissue network that extends from the subdermal
plan to the underlying muscle fascia. It primarily consists of one to several thin, hori-
zontal membranous sheets separated by varying amounts of fat with interconnecting
vertical or oblique fibrous septae. In addition, extensions of the superficial fascial
system connect with the overlying dermis, tightly encasing the superficial fat in ver-
tically oriented compartments. Similar collagenous extensions connect the entire su-
perficial fascial system with the underlying musculoskeletal system. In certain areas
of the body, the superficial fascial system is tightly adherent to the musculoskeletal
surface (zones of adherence). In other areas, the SFS is loosely adherent, forming
the roof over loosely organized, deep fat deposits [2]. General agreement has now
been reached on the existence of a horizontal, membranous layer (the stratum mem-
branosum) of the SFS that lies in between the superficial adipose layer and the deep
adipose layer of the subcutaneous tissues between dermis and the deep muscle fas-
cias in most parts of the body [3-8].

The SMAS is a continuous fibromuscular layer consisting of collagen fibers, elastic
fibers, fat cells, and muscle cells, which overlies the midface and parotic glands and
extends cranially as parts of the orbicularis oculi muscles, the superficial temporo-
parietal fascia and galea and caudally as the platysma [1, 8-10]. It is generally ac-
cepted to represent the stratum membranosum of the SFS in the head and neck region
[6-8].

Although it is well known that the SMAS concept was introduced by Tessier in 1974
[10, 11], it remains unknown who first described the stratum membranosum of the
SFS. Research on this subject is seriously hampered by the various names that have
been (and are being) used for this structure (superficial fascia, superficial facial sys-
tem, subcutaneous fascia or tela subcutanea, or textus connectives compactus) [4, 12]
and the use of these same names for the subcutaneous adipose tissue, and connective
structures alike [3, 4, 12, 13]. Scarpa and Colles are mentioned as the original re-
porters on the stratum membranosum of the lower abdomen and perineum, respec-
tively [14], but Colles’ description obviously refers to the entire adipose and connec-
tive tissue layer between dermis and the deep muscle fascia [15], whereas Scarpa’s
description remained too vague to determine which structure(s) he referred to [13,
16].

We came across unmistakable records of both the stratum membranosum and SMAS
in the second and fifth of seven books compounding Vesalius’ De Humani Corporis
Fabrica Libri Septem (De Fabrica) that was published in Basel, in 1543. He referred
to this layer as the membrana carnosa. In this chapter, we present and discuss his
observations on both structures.
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FIGURE 6.1: Title page to the first edition (1543) of Vesalius’ De Humani Cor-
poris Fabrica Libri Septem illustrating a public dissection of a corpse by Vesalius,
such as the one described by Heseler who witnessed a dissection in Bologna,

Italy, in 1540 [20].
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Materials and Methods
The text of Vesalius’ Book II - The Ligaments and Muscles, and Book V – The Organs of
Nutrition and Generation of De Fabrica, the entire text of Heseler’s eyewitness report
of the public dissection of three corpses by Vesalius in Bologna, Italy, in 1540 (Figure
6.1), and the text of Vesalius’ Epitome were searched for references to the membrana
carnosa, or fleshy membrane. For this inventory we used the digital copy of the first
print of De Fabrica (1543)[17] and its English translation provided by Richardson and
Carman [18, 19], while we used Heseler’s original text and its English translation as
presented by Eriksson [20]. Furthermore, we used the original text and English trans-
lation of the Epitome as presented by Lind et al. [21].

Results

Vesalius’ description of the stratum membranosum
In chapter V on ‘The skin, the cuticle, and the membrane that lies under the skin over the
whole body; also the fat that is stored between the skin and the fleshy membrane’ in Book
II, Vesalius introduced the fleshy membrane as “the membrane lying under the skin over
the whole body. This is much stronger and thicker than the cuticle. It is attached here and
there by fibers to the muscles that lie under it, but is more strongly attached to the skin. A
large number of veins, together with a few very small arteries nourishing the skin and nerve
offshoots giving the skin sensation, pass through this membrane and are supported by it as
they travel between it and the skin and link the membrane to the skin; and there is also a con-
tinuous series of membranous fibers adjacent to it, by means of which also it is firmly attached
to the skin. This membrane too is not of the same thickness all over the body, but in certain
areas of the body it is augmented by fleshy fibers; it thus becomes thicker and so fleshy that it
is described as a muscle” (quote on p. 143) [18]. He then continues with a first reference
to the SMAS: “There is an area of this sort over the whole of the neck, in the forehead, and in
the rest of the face; in some animals it is everywhere filled with fleshy fibers, especially those
animals that can move the skin over the whole body as we can that of the forehead” (quote on
p. 143) [18].

Like we currently do, Vesalius furthermore recognized that the fleshy membrane may
include musculous tissue even outside the head and neck area. As such, he remarked
on the “individual wrappings of each testis” in Book V: “The outer surface of this wrapping
or tunic touches the fleshy membrane, to which it is attached by membranous fibers in such
large numbers that I have sometimes thought they constituted another tunic of the testes ..[..]..
This wrapping has one thing in common with the fleshy membrane of the body. I stated earlier
that the fleshy membrane is in a certain area augmented and interwoven by fleshy fibers and
therefore takes on the nature of a muscle; and in the same way this wrapping of the testis
along the whole length at the back from the peritoneum to the bottom of the testis receives
fleshy fibers and takes on the nature of a long, narrow muscle” (quote on p. 148) [19]. Thus,
Vesalius defined the musculous aspect of the SFS of the scrotum (Figures 6.2-6.4). He
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even remarked that “the ancient Greek name for it was Darton” (quote on p. 149-150)
[19].

On the lack of subcutaneous fat in the scrotum’s SFS, Vesalius already remarked that
“the fleshy membrane forming the other common wrapping is, like the skin, much thinner
here than elsewhere in the body, and is interwoven with many veins. In addition to this thin-
ness the skin and membrane here have another characteristic (which they show also in the
forehead and the penis), and that is that there is no fat between them: it is as if Nature had
wanted the male testes to be covered with a thinner and looser wrapping formed of skin and
this membrane so that the testes, like the brain, should be wholly without fat. Although there
is around the testes a copious supply of membranes interwoven with many veins and arteries,
a situation that produces fat in other parts of the body, there is no fat here” (quote on p. 147)
[19]. Indeed, he remarked the same regarding the lack of adipose tissue at the super-
ficial fascia (dartos fascia) of the penile shaft: “Nothing more needs to be said about the
fabric of the bodies of the penis; but one might well pause to commend Nature for not putting
any fat between the fleshy membrane and the skin covering the penis, thus providing the penis
with a thin wrapping that could readily bend and fold and extend” (quote on page 166) [18].

Vesalius’ description of the SMAS
Following the description of the skin, the cuticle, the membrane that lies under the
skin over the whole body and the fat that is stored between the skin and the fleshy
membrane and how to dissect them in chapters V, VI, and VII of Book II, Vesalius
continued with his description of the human muscles. Chapter VIII on ‘The muscle
that moves the skin of the forehead’ [frontalis muscle] opens with the remark that he
had “mentioned earlier that the fleshy membrane underlying the whole skin is in certain
areas of the body augmented by fleshy fibers so that its nature changes into that of a muscle.
I shall now describe how this occurs beneath the skin of the forehead” (quote on p. 154)
[18]. He continued that “in man by and large no areas of the skin can move unless the
bones move; the exceptions are the skin of the forehead, that of the face, and that which covers
the front of the neck. The whole skin of the forehead (on which no hair grows) can, along
with the skin of the nose, be moved according to our desire by voluntary motion, so that
we may raise our eyebrows, or lower them to narrow the eye region, or protect the eyes by
wrinkling the skin. We can do this because of the fleshy membrane that extends beneath the
skin of the nose and the whole forehead; for the membrane is augmented by a large number
of fleshy fibers and turns into a sort of muscle possessing many nerve offshoots. In addition
this membrane is attached, with the intervention of very little, if any, fat, to the skin of the
forehead and nose more strongly than to the skin elsewhere in the body. This has deceived other
anatomists, who think that the skin of the forehead itself consists of fleshy and musculous
substance, though in fact the skin has no fleshy substance here any more than elsewhere;
all that happens is that the present membrane becomes more fleshy and is attached to the
skin itself (as we just stated) more strongly than in the abdomen or the back or the legs.
It is as if the membrane were intended to form a single body with the skin, thus properly
achieving movement of both (the membrane, that is, and the skin)” (quote on p. 154) [18].

65



Chapter 6. Vesalius and the SFS and SMAS concepts

FIGURE 6.2: Tabula XX of Book V of Vesalius’ De Humani Corporis Fabrica Libri
Septem - On the Organs of Nutrition and Generation.
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Subsequently, Vesalius accurately mentioned the connection of this part of the fleshy
membrane with the frontalis muscle and aponeurotic galea (Figure 6.4): “The fibers of
this musculous structure, which stretch side by side from the top of the nose to the whole
central area of the forehead (which stands between the eyebrows and the first roots of the hair)
and to the sides of this area, are more fleshy; they all run vertically upward (except that very
rarely one finds some stretched obliquely)” (quote on p. 154) [18].

Second, in chapter X of Book II on ‘The muscles of the eyelids’ Vesalius described how
“in the upper eyelid over its entire area the fleshy membrane is abundantly augmented by
musculous fibers” (quote on p. 158) [18]. In the Epitome, he added that “the upper
eyelid is moved by means of the [fleshy] membrane just mentioned, for in that place where
this reaches the inner region of the eye socket, it raises the eyelid; where it is augmented at
the external aspect of the eye by fleshy fibers drawn into the image of our letter C, it is the
originator of the downward motion of the eyelid. ..[..].. The carneous muscle is implanted in
the posterior portion of the scleral tunic of the eye” (quote on p. 15) [21].

Third, he accurately described the inclusion in the fleshy membrane of the platysma
in chapter XIII of Book II on ‘The muscles of the cheeks, lips, and alae’: “The first two
muscles moving the cheeks and lips [platysma] ..[..].. consist of the membrane augmented by
fleshy fibers and therefore aptly called by us ‘the fleshy membrane’, for this membrane becomes
musculous and genuinely fleshy all over the area just indicated. But these fleshy fibers do not
take origin from a bone (as someone deluded by other anatomists might think); and whoever
says that this muscle starts from a bone will be quite incorrect” (quote on p. 167) [18].

Finally, when contemplating that “the skin of the cheeks has no muscle,” Vesalius re-
marked on the fleshy membrane in the face: “In order that all the skin of the face should be
movable the Creator of the world laid under it, in addition to this second muscle [platysma]
and those belonging specifically to the lips and nose ..[..].., a fleshy membrane that transforms
into a muscle. You must except the skin of the cheeks; for the membrane we call fleshy is
attached directly beneath this, and is here nourished by no fleshy fibers. However, as the lower
part of the skin stretched over the jaws is continuous with the cheeks and the upper part is
united with the musculous structure underlying the forehead, the skin of the cheeks moves
when we move the skin of the rest of the face” (quote on p. 169-170) [18].

Discussion

Vesalius differentiated between the human fleshy membrane and the animal pannicu-
lus carnosus
Unlike Galen and contemporary anatomists, Vesalius endorsed that the fleshy mem-
brane is not augmented with fleshy fibers in most of the body: “Detach the membrane
all the way to the armpit and, stretching it and holding it up to the light, look carefully to
see whether beneath the armpits it turns into a fleshy muscle beginning from the loins and
the false ribs. If you observe (though I know you will not) that it is augmented by fleshy
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FIGURE 6.3: Detail of Tabula XX showing t: ‘part of the fleshy membrane [dartos
fascia]; like the scrotum, it surrounded the testicle’ (quote on p. 26) [19].
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fibers, separate it from the armpits as carefully as you can, observing whether it has any sort
of tendon inserting into the humerus or whether, as is normal over the rest of the thorax, it
adheres to these areas solely by means of fibrous linkages. So in the course of this dissection
you should carefully investigate whether this membrane turns into a muscle and whether it
is so constructed in order to move the skin or the arm. My own view is that in man this
membrane does not become musculous” (quote on p. 234-235) [18].

FIGURE 6.4: Detail of Tabula XI of the famous muscle men in Vesalius’ De
Humani Corporis Fabrica Libri Septem showing “the muscles that are constituted
from the fleshy membrane and also certain muscles of the face denuded of fat ..[..]..
A- the straight lines on the forehead denote the muscle belonging to the skin of the
forehead and nose [frontalis muscle]. B- Temporal muscle, where occasionally (but
very rarely) the fleshy membrane is augmented by fleshy fibers. C- Muscle raising the
eyelid [orbicularis oculi muscle]. D-Muscle drawing the eyelid downwards [orbic-
ularis oculi muscle] ..[..].. Γ-Muscle formed from the fleshy membrane [platysma]; it
is the principal author of movements of the cheeks and lips and of the skin at the front
of the neck. It adheres to the body on either side, and the rest of the fleshy membrane,
which is not musculous, has been cut away from the body” (quote on p. 21) [18] .
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Vesalius stressed this point because he realized that the fleshy membrane he was de-
scribing differed from the panniculus carnosus that was described by Galen [20, 22].
The panniculus carnosus is a thin layer of muscle lying just beneath the mammalian
skin, which allows the movement of the skin independent of the movement of deeper
muscle masses. It extends as a broad sheet over the thorax, abdomen and proximal
portion of the posterior extremities. Vesalius rightly observed that the panniculus
carnosus consists of muscles over the whole body of apes and other animals, but that
this is not the case in man: “Galen was speaking of his apes and not of man; for in apes
no fat intervenes between the membrane and the skin, and the membrane itself is not merely
attached to the skin by fibers but is contiguous with it everywhere without the intervention
of anything else. And for this reason it is not as difficult to cut through just the skin of man
without damaging the membrane as it is in apes, dogs, and the animals from which Galen
described dissection” (quote on p. 143-144) [18]. He acknowledged that “it seems to be
the Arabs, as far as I am aware, who first investigated it [the fleshy membrane] with some
care and called it fleshy” (quote on p. 143) [18].

Currently, the human superficial fascial system is accepted to be homologous to the
panniculus carnosus found in other mammals (Figure 6.5) [23]. Like Vesalius already
observed, muscle fibers may in humans, indeed, mostly be found in the head and
neck area (SMAS) and perineo-genital region (external anal sphincter and dartos fas-
cia) [6].

Vesalius’ recognition of the relation of nerves and vessels to the fleshy membrane
Vesalius already observed that the SMAS is in close contact with nervous tissue: “In
fact it [the platysma] consists merely of fleshy fibers stretched over the aforesaid [fleshy]
membrane and accompanied by many nerve offshoots running into it from the bodies under-
lying the membrane; and these offshoots therefore link the membrane more firmly to the parts
underlying it here than it is linked to the muscles which it covers in the rest of the body”
(quote on p. 167) [18]. This is in line with the observations by Mitz and Peyronie
who reported sensory nerves to go through the SMAS to the dermis [11], and those
by Accioli et al. who reported that the SMAS ‘plasters’ branches of the facial nerve
that are located underneath the SMAS [9]. Likewise, Vesalius already noted veins
to run through the stratum membranosum of the SFS: “While separating the skin from
the fat (an exhausting task, requiring patience and an intense desire for knowledge) you may
conveniently examine the tiny nerves and the veins running over the membrane and within
the fat on their way to the skin” (quote on p. 146-147) [18]. This is in line with current
observations of the saphenous veins, superficial epigastric vessels, and cephalic vein
running in the stratum membranosum [6].
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Conclusion
Vesalius’ record of the nature and functions of the fleshy membrane and its musculous
continuation as the SMAS in the head and neck area and as the dartos in perineo-
genital region, of the detail that this membrane encloses nerves and vessels, and of
its varying degree of connection to the overlying skin and underlying deep fascia
over most of the body is a very clear representation of the stratum membranosum
of the SFS and the SMAS as we know it. In his way, Vesalius defined both concepts
avant la lettre.

FIGURE 6.5: Timeline with relevant data in regard to the recognition of
the superficial fascial system (SFS) and superficial musculoaponeurotic sys-
tem (SMAS). Galen’s (ca. 130-200) description of the mammalian panniculus
carnosus was accepted, up to the time of Vesalius, to exist in humans [18].
Although a Persian scholar, Mohammad-e Zakariā-ye Rāzi (or Rhazes, 865-
925) is featured here as one of the Arabs who first investigated the fleshy
membrane with some care according to Vesalius. During his studies, Vesal-
ius paraphrased Rhazes’ work. In his 1543 Opus Magnus, Vesalius defined
both the SFS and the SMAS avant la lettre [17]. Scarpa provided a vague de-
scription of some fascial structure in the lower abdominal in his book of 1809
[16]. Colles described the adipose and connective tissue layer between dermis
and the deep muscle fascia of the perineum in his book of 1811 [15]. In 1854,
Struthers coined the eponyms Scarpa’s fascia and Colles’ fascia referring to
the stratum membranosum of the abdomen and perineum, respectively [14].
Tessier coined the term SMAS for the SFS in the head and neck area in 1974
and had various of his students examine parts of it [10]. In 1991, Lockwood

stressed that the SFS extended over most of the body [2].
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Introduction
The shape of the female breast is the result of many factors including muscular and
skeletal thoracic contour, total mammary volume, fat content, glandular content, its
connective tissue complement, and the quality of the overlying skin. In the inactive
mammary gland, connective tissue is abundant and glandular elements are minimal.
These glandular elements consist of lobules of potential secretory tubules that are
surrounded by a loose, fine-fibered, vascular connective tissue with numerous fibrob-
lasts, the intralobular connective tissue [1, 2]. Between the lobules are masses of dense
collagenous fibers, the interlobular connective tissue, in which varying amounts of
adipose tissue are present [2-4]. During pregnancy and lactation, the loose intralob-
ular connective tissue enables the continued expansion of the glandular tubules and
alveoli. The dense interlobular connective tissue then appears as septa between the
expanded lobules of glandular tissue. This fibroglandular parenchyma of the breast
is caught between the anterior, or superficial layer and posterior, deep layer of the
superficial fascial system (SFS) that exists in the subcutis throughout the body and is
referred to as ‘Scarpa’s fascia’ in the abdominal wall [5]. The dense interlobular con-
nective tissue posteriorly connects with this deep layer that is intimately associated
with the pectoralis major muscle fascia, and anteriorly with the superficial layer and
the dermis [6]. This way, these so-called suspensory ligaments of the breasts provide
structural support for the breast [2].

To date, Sir Astley Paston Cooper (1768 - 1841) has been acknowledged as having
been the first to record these ligaments and their function, in his book On the anatomy
of the breast published in 1840 [4, 6-8]. Such acknowledgement denies the earlier
record by Andreas Vesalius (1515-1564), the founder of modern anatomy, in his De
Humani Corporis Fabrica Libri Septem (De Fabrica) that was published in 1543 [9]. In
this chapter, we present and discuss his recordings of these ligaments and other ob-
servations on the mammary parenchyma and compare them with those of Cooper.

Materials and Methods
The text of Vesalius’ Book V - The organs of nutrition and generation of De Fabrica was
searched for references to the mammary parenchyma and the mammary suspensory
ligaments and their function. For this inventory we used the digital copy of the first
print of De Fabrica (1543)[9] and its English translation provided by Richardson and
Carman [10].

Results
In the passage ‘Substance’ of chapter XVIII on ‘The breasts’ in Book V of De Fabrica:
’On the organs of nutrition and generation’, Vesalius recorded that “the substance of which
[the breasts] are composed is glandulous; it contains a great deal of fat and is interwoven
with veins and just a few arteries and nerves” (quote on p. 202) [10]. On the form and
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pattern of the mammary gland, Vesalius noted that “there is a single large gland shaped
like a breast at the centre of the nipple, beside which lie in a circle a large number of others, all
small and resembling almonds with their husks removed; they are joined and linked to each
other by hard fat with the intervention of veins and fibers running from the fleshy membrane
to the skin” (quote on p. 203) [10].

Thus, Vesalius already recognized that the glandular elements consist of lobules and
that adipose tissue is present between these lobules (Figures 7.1-7.3). He furthermore
recognized the specific fibro-adipose character of this tissue as hard fat with the inter-
vention of .[..]. fibers. That Vesalius understood these fibers to run from the deep layer
of the SFS to the skin, becomes clear from a following sentence in which he recorded
that “the whole substance of the breasts is in fact contained like fat between the skin and the
membrane described by us as fleshy, and the breasts are linked to the muscles that lie upon
the ribs by exactly the same connection as the fleshy membrane is linked to the underlying
muscles over the rest of the body.” (quote on p. 202) [10]. In Book II of De Fabrica - On
the Ligaments and Muscles, Vesalius defined the fleshy membrane (membrana carnosa) as
“the membrane lying under the skin of the whole body. It is attached here and there by fibers
to the muscles that lie under it, but is more strongly attached to the skin” (quote on p. 143)
[11]. In previous work, we explained that Vesalius’ fleshy membrane is the equivalent
of the stratum membranosum of the SFS as we currently know it [12]. Obviously,
Vesalius failed to note that the SFS in the breast bifurcates in a superficial layer and
deep layer. He only recognized its deep layer overlying the pectoralis muscle fascia.
By his recording that "the intervening fibers in the hard fat between the glandular lobules
run from the fleshy membrane to the skin", Vesalius indicated the mammary suspensory
ligaments avant la lettre.

Vesalius furthermore observed that “However much flaccid breasts may on occasion droop
down, the fleshy membrane does not part company with the muscles, but the glands and the
fat, being no longer constricted, become flaccid and draw apart from the fleshy membrane”
and that breasts in “women who are lactating and in the last months of pregnancy .[..]. do
not preserve the same tone and the hard fat no longer holds [the breasts] up, they gradually
become flaccid and droop” (quote on p. 203) [10]. In other words, Vesalius held not
the SFS (fleshy membrane), but the flaccidity of fibro-adipose stroma and suspensory
ligaments responsible for ptosis of the breasts. This way, he acknowledged the sig-
nificance of the suspensory ligaments as a structure of support, shape and firmness
of the breast.
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FIGURE 7.1: Tabula XXV of Book V of Vesalius’ De Humani Corporis Fabrica
Libri Septem - On the Organs of Nutrition and Generation showing how ‘we have
removed the skin from the right breast of the present figure so as to show as far as

possible the nature of the breasts’ (quote on p. 40) [10].
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Discussion
To date, Cooper’s On the anatomy of the breast published in 1840 [8], and his The
anatomy and diseases of the breast published in 1845 [13] have been considered the first
detailed, recorded analysis of breast anatomy [4, 6, 7]. Cooper’s primary interest was
breast anatomy as it related to physiology, as he stated “it is necessary that the breast em-
ployed for the purpose should be that of a woman who has been for some time suckling” (quote
on p. 6, respectively p. 19) [8, 13]. Consequently, his interest in mammary fat was in-
cidental and focussed mostly on its importance for the volume of the breast [7]. Still,
his understanding of the relationship of this fat to the fibroglandular parenchyma is
clear from his remark that “in a large and fat person the breast is far removed from skin,
and from the pectoralis major muscle, by the immense quantity of adipose matter placed before
and behind the gland, and in the intervening structures” in the section of his text On the
fat and cellular tissue (quote on p. 71, respectively p. 58; emphasis added by Nickell
and Skelton) [7, 8, 13].

Unlike Vesalius, Cooper recognized both the superficial, and deep layer of the SFS.
He described how the “fascia mammae ..[..].. divided into two layers; the superficial, and
the deeper layer of the breast, between which the gland of the breast is included. If I begin to
trace this fascia from the sternum, I find both layers adhering to the ligamentous substance
which covers that bone. From thence they proceed towards the breast, when one layer separates
from the other, to include the breast between them” (quote on p. 48, respectively p. 45) [8,
13].

His description of the suspensory ligaments, however, differed from that of Vesal-
ius and from current definitions (Figure 7.3). Rather than running from the SFS deep
layer to the SFS superficial layer and dermis through the entire thickness of the fibrog-
landular parenchyma, Cooper restricted the extension of the suspensory ligaments to
the anterior part of this parenchyma only: “The anterior or superficial layer passes upon
the anterior or cutaneous surface of the breast: here it forms a fibrous covering, but not a true
capsule, spread upon the surface of the gland, and passing between the gland and the skin; but
it also enters the interior of the secretory structure. Here it sends out two sets of processes of a
fibrous nature from its two surfaces. Anteriorly, large, strong, and numerous fibrous or fascial
processes, to the posterior surface of the skin which covers the breast, and to the substance of
which it is received, and with which it is incorporated. It is by these processes that the breast
is suspended in its situation, and I shall therefore call them the ligament suspensoria. By
these processes, the breast is slung upon the forepart of the chest, for they form a moveable but
very firm connexion with the skin, so that the breast has sufficient motion to elude violence;
yet by this fibrous tissue it is, excepting under age, lactation, or relaxation, prevented from
much change of place. The ends of these ligaments are spread out and incorporated with the
posterior surface of the skin, and give it its whiteness and firmness. When raised and dried,
the preparations of these ligamentous processes form a curious, irregular surface of folds, be-
tween the skin and the mammary gland. They are seen in a section of the breast, spread out
and lost upon the inner surface of the skin and their anterior extremities. When the breast is
placed in its natural position, the posterior extremities of the ligamenta suspensoria are spread
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FIGURE 7.2: Detail of Tabula XXV showing ‘C: principal body of the breast’ and
‘DD: glandules and fat covering the glandulous body marked C’ (quote on p. 40)

[10].
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over the fore-part of the gland, support numerous folds of the glandular structure, penetrate
the substance of the organ, and every where connect the portions of the glands to each other”
(quote on p. 49-50, respectively p. 45-46) [8, 13].

When describing the posterior or deep layer of the SFS, Cooper did not refer to the
suspensory ligaments: “Whilst the anterior or superficial layer of fascia is thus spread over
the anterior surface of the breast, the posterior or deeper seated layer, when it has reached the
margin of the gland, passes behind it, and sends forth two layers of fibers. The anterior of
these fibers pass on the back of the gland, sending processes of fascia into the organ to unite its
parts, and other fibers which pass from one ridge of the gland to the other posteriorly, giving
it a smoother surface than that of the anterior part of the breast, as it is not folded in the same
manner. The other fibers of this deeper seated fascia pass backwards, and are united to the
aponeurosis of the pectoralis major” (quote on p. 50-51, respectively p. 46) [8, 13]. He
even stressed that “thus, then, the breast is supported by the two portions of the fascia; the
superficial layer connecting it to the skin anteriorly, and forming the ligament suspensoria,
and the posterior layer of fascia joining it to the pectoral muscle, by its aponeurosis; and
between these two processes it swings, and yields to pressure and to violence” (quote on p.
51, respectively p. 46) [8, 13].

Obviously, Cooper felt that the suspensory ligaments and overlying skin together
acted as a “natural brassiere”. In his view, the fibroglandular parenchyma is locked
to, and suspended by, the overlying skin by way of the ligaments that cover and
enter this parenchyma anteriorly. Vesalius description of the “fibers running from the
fleshy membrane to the skin” (quote on p. 203) [10] corresponds better to the current
understanding of the suspensory ligaments running through the entire thickness of
the parenchyma from the SFS deep layer that is intimately associated with the pec-
toralis major muscle fascia, to the SFS superficial layer and the dermis [6]. That the
anatomist Vesalius, unlike the surgeon Cooper, failed to note the surgically detectable
anterior layer of the SFS may be explained by it being seldom identified in the cadaver
[14].

Still, like Vesalius, Cooper recognized the importance of the suspensory ligaments for
both the prevention, and origin of ptosis when he noted that “yet by this fibrous tissue
[the suspensory ligaments] it is, excepting under age, lactation, or relaxation, prevented
from much change of place” (quote on p. 50, respectively p. 46) [8, 13]. He noted fur-
thermore that “when the period of lactation is passed, and the breast begins to be absorbed,
fat is abundantly deposited, to fill up the deficiency of glandular matter, and to preserve the
natural form of the part. But in very old age, both the gland and the fat become absorbed, and
the chest is then flattened like that of the male” (quote on p. 73, respectively p. 59) [8,
13]. Indeed, we currently accept that the shape of the breast will change with age as
the suspensory structures become lax and the breast becomes more ptotic. Parenchy-
mal changes with aging, weight changes, and pregnancy are also accompanied by
specific alterations in the integrity of the suspensory ligaments, the breast’s fascial
components, and the overlying skin [6].
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Conclusion
Vesalius’ record of the nature and function of the fleshy membrane between mammary
gland and pectoral muscle, the hard fat intervening the mammary glands, and the
fibers running from the fleshy membrane to the skin are a clear representation of poste-
rior layer of the SFS, the fibro-adipose stroma surrounding and linking the mammary
glandular elements, and the suspensory ligaments as we know them. Thus, Vesalius
recorded the anatomy and function of the latter structures nearly 300 years before Sir
Astley Paston Cooper did.

FIGURE 7.3: Plate IV - Ligamenta Suspensoria and Sections of Cooper’s The
anatomy and diseases of the breast showing ‘A preparation made to show the liga-
menta suspensoria supporting the folds of the breast to the inner side of the skin. The
nipple is seen in the centre, a portion of skin in the circumference, and the folds of the
breast are sustained by the ligamenta suspensoria, which are continued to the skin;
but their connexion with it is here cut off. Thus the surface of the breast is greatly
increased, while its diameter remains the same’ (plate and quote on p. 130-131)

[13].
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Introduction
The historical evolution of the concepts regarding the chemical aspects of respiration
has been amply documented [1], but relatively little has been written on the devel-
opment of our understanding of the mechanical aspects of respiration [2]. The “father
of physiology” Erasistratus (304 BC) accepted the diaphragm as the only muscle of
breathing and Galen (ca.130-200) already recognized that the intercostal muscles and
some accessory respiratory muscles are also involved [2]. Still, it was the anatomist
Andreas Vesalius (1515 - 1564) who first recorded many of the mechanical details
and structures of breathing that we currently know, in his epoch-making De Humani
Corporis Fabrica Libri Septem (De Fabrica) [3].

So far, Vesalius’ records have received little attention because the anatomical illus-
trations rather than the text of De Fabrica got all attention in the majority of com-
mentaries on this work [4-6]. Consequently, Vesalius’ understanding of negative in-
trapleural pressure was still ignored in 2002 [7]. In Vesalius’ time this may have been
explained by the novelty of illustrating anatomical texts whereas [4], in our time, it
may have resulted from difficulty of handling the Latin language [6, 8]. This excuse
to disregard Vesalius’ text no longer prevails since the completion of an excellent En-
glish translation of the entire text of De Fabrica by the classicist Richardson and the
anatomist Carman in 2009.

Vesalius’ instructions for a spectacular in vivo demonstration of pulmonary move-
ments in a breathing dog inspired us to study de rest of De Fabrica to assess to what
extent he understood the physiology of ventilation mechanics. In this chapter, we
report on this assessment.

Materials and Methods
During normal tidal breathing, inspiration starts with contraction of the diaphragm
and the external intercostal muscles to increase the size of the thorax. Subsequently,
the negative pressure in the pleurae increases, the alveolar volume increases, and
the intra-alveolar pressure decreases. The resulting gradient relative to atmospheric
pressure causes air to enter the lungs. During this process pulmonary elastic recoil
forces increase [9, 10]. Once the active inspiratory muscle contractions are stopped,
these elastic recoil forces cause the intra-alveolar pressure to increase above atmo-
spheric pressure and the lungs to partially collapse by expiration. Hence, normal
tidal expiration is passive because no muscles need to contract to produce it. Ac-
cessory inspiratory muscles are brought into action for forced inspiration. Of these,
the scalenus muscles are the first to start contracting and the sternocleidomastoid,
trapezium and other muscles are gradually brought into action. Contraction of the
abdominal (rectus abdominis, internal and external obliques, and transversus abdo-
minis) and internal intercostal muscles for expiratory is always accessory.
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The intrathoracic parts of the trachea and the bronchi narrow during expiration and
widens during inspiration. Their cartilage support prevents them from total collapse.
Still, flow rates may not be increased by forced expiration for most of the expiratory
phase because the resulting increasing positive pressure in the thorax compresses the
airway to a level that decreased airway size counters the increased force to expire [9,
10].

We searched the text of Vesalius’ Books I – The Bones and Cartilages, II - The Ligaments
and Muscles, and VI – The Heart and Associated Organs of De Fabrica for references to
these aspects of the respiratory physiology. For this inventory we used the digital
copy of the first print of De Fabrica (1543) [3] and its English translation as provided
by Richardson and Carman [11-13].

Results

Vesalius’ instructions for in vivo demonstration of pulmonary movements
Vesalius opened the very last chapter of De Fabrica entitled ’Some Remarks on Vivisec-
tion’, by stating that it is “appropriate that [medical] students should begin by dissecting
the dead and then go on to inquire into the action and function of the parts by addressing a
living animal” (quote on p. 263) (Figures 8.1 and 8.2) [13]. But beware, “for there is no
point in trying vivisection unless one is a skilled dissector of the dead” (quote on p. 265)
[13]. Among many other in vivo experiments [1], he described the visualization of the
moving lung by two different approaches (Figures 8.3 and 8.4). For the first approach
“in order to see the natural movement of the lung as it follows the thorax, cut away the carti-
lages of two or three middle ribs on one side, make incisions along the intervals between these
ribs, and break off each rib by bending it outward. This makes an area through which you can
inspect the lung on the undamaged side; for the membranes that partition the thorax in dogs
are quite transparent and it is easy to examine through them the part of the lung that is still
following the movement of the thorax and, after piercing carefully through the membranes, to
see how this part of the lung as well ceases to move” (quote on p. 269) [13].

Alternatively, if he “decided to follow my more difficult procedure”, Vesalius made “in one
side of the thorax .[..]. a longitudinal incision down to the rib bones roughly at the point
where the bones turn into cartilage. Then I make transverse incisions along the rib bones, so
creating an area over which I can denude the bones of the muscles that lie upon them; and
then .[..]. I go to two of the intercostal intervals and remove the intercostal muscles in them
from the tunic that undergirds the ribs, so that, using my hands alone, I can pull away half
of the rib between these intervals from the tunic that undergirds the ribs, break it away from
its cartilage, and bend it downwards to the side; this reveals the large cavity of the tunic
that undergirds the ribs, which being transparent shows clearly the movement of the lung”
(quote on p. 271-272) [13]. Only after some 120 more years, did John Mayow produce
an artificial model of this in vivo experiment [1, 2, 7].
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FIGURE 8.1: See opposite page for caption.
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FIGURE 8.1: ‘This figure is erect, not lying down .[..]. After stripping the skin from
the front and sides of the thorax, removing the muscles attached to these areas, detach-
ing the costal cartilages from the bones, breaking the bones, and bending the outwards,
we proceed to cut the breast bone and the cartilages attached to it away from the two
membranes that partition the thorax and then pull it up so as to bring its inner surface
into view; and this enables us to show the nature of the membranes that partition the
thorax .[..]. A,A: Inner surface of the breast bone and the costal cartilages attached
to it .[..]. G,G: Part of the right membrane partitioning the thorax; it was attached
to the right side of the breast bone. H: Right surface of the aforesaid membrane; this
is the surface that faces the lung. I,I: Part of the left membrane partitioning the tho-
racic cavity; before cutting, it was attached to the left side of the breast bone. K: Left
surface of the membrane just mentioned; this is the surface that faces the lung .[..].
M,M: This protuberant area is the site of the heart; the heart and its wrappings have
not been moved from its position between the membranes that partition the thorax
.[..]. R,R,S: Portion of the transverse septum [diaphragm]; I have detached it from
the swordpoint cartilage of the breast bone (here marked S) and from the tips of the
cartilages that do not join up with the breast bone. T,V: Skin everted downwards from
the front of the thorax; the surface seen here covered the muscles’ (quotes on p. 4-5)

[13].

Vesalius’ records on respiration
On the physiology of respiration Vesalius opened with noting that “respiration is per-
formed by two contrary movements, a movement of distension and dilatation that draws in,
and one of constriction that evacuates” (quote on p. 283) [12]. He noted that “it is there-
fore obvious the lung follows the movement of the chest by the power of the vacuum when
the chest is either compressed or dilated, it was necessary that muscles moving the thorax be
constructed in order to expand or contract it” (quote on p. 283) [12]. Using the words
“vacui potissimum ui sequitur” in the Latin original of this quote (on p. 287) [3] Vesal-
ius showed to recognize that air is sucked in by the sub-atmospheric pressure that
occurs in the lungs as the chest expands, approximately 100 years before Borelli did
[1, 7].

By his vivisections he had shown the necessity of this vacuum between the lungs
and thoracic wall by local resection of all layers of the thoracic wall while leaving
the parietal pleura intact and subsequently inflicting a unilateral pneumothorax in
the still breathing dog: “now I pierce through this tunic in its turn and point out that the
lung on this side collapses even though the thorax continues to move as before. In order to
reveal this more clearly I detach several more rib bones from their cartilages and open as much
as possible of this side of the thorax so that the other part of the lung (which is still in the
chest cavity and, being undamaged, is still moving nicely along with the thorax) may be seen
through the membranes that partition the thorax; and I then pierce through these membranes
in their turn and show that this causes an immediate collapse of the lung” (quote on p. 272)
[13].

Likewise, he showed his understanding of the physiological mechanics of the pres-
sure gradients during respiration when he recorded that “because of this [respiratory]
function the rough artery [trachea] had to be made like a membranous channel, so it could
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easily collapse when empty and distend again when full: for something that is to be filled
solely by avoidance of the vacuum and then emptied solely by the force of compression has
to be capable of distending and being compressed. There is general agreement that drawing
breath of breathing in takes place by means of dilatation of the lung, and that this dilatation
is simply the distension of its vessels-not of them all indiscriminately, but principally of the
offshoots of the rough artery” (quote on p. 43-44) [13].

FIGURE 8.2: ‘In this figure the heart has been turned to the right .[..]. H,H: Offshoots
of the veinlike artery [pulmonary vein] running to the left part of the lung .[..]. K:
This part of the arterylike vein [pulmonary artery] travels to the left portion of the
lung .[..]. P: This portion of the great artery [aorta] bends downwards towards the
spinal column .[..]. R: This portion of the great artery travels to the throat .[..]. Y:
Stem of the rough artery [trachea] .[..]. i,k,l,m: Lobes of the lung. n,o: Transverse

septum [diaphragm]’ (quotes on p. 11-2) [13].
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Vesalius, furthermore, correctly distinguished between tidal (‘natural’) respiration
and forced respiration by recording that “in the first place, there are two kinds of res-
piration, namely inhalation and exhalation, and each of these has two sub-types. One type of
exhalation is natural and not forced; it takes place under the impetus of no more than a nat-
ural necessity. The other type of exhalation is forceful and vehement; it is known as blowing.
Similarly one type of inhalation is natural, and the other is forceful and used for the voice and
similar things” (quote on p. 295) [12].

Vesalius expressed his understanding of the active nature of tidal (‘natural’) inspira-
tion and the passive nature of tidal expiration when stating: “the septum [diaphragm]
by itself is the author of natural inhalation and exhalation, for the physicians have no doubt
that when it contracts or tenses the chest is expanded and inhalation is produced; and again
they affirm that when the septum is relaxed the thorax immediately collapses by its own weight
and exhalation is the result” (quote on p. 295) [12]. This statement, furthermore, shows
his correct appreciation of the diaphragm as the prime muscle of tidal respiration [9,
10]. Vesalius remark that “there is agreement also that breathing out takes place when the
lung draws itself together, collapses upon itself, and becomes smaller, so thrusting out and
expelling the air contained in its cavity (which means in the branches of the rough artery)”
(quote on p. 44) [13], furthermore echoes our understanding of expiration as a pas-
sive phenomenon based on elastic recoil forces. 120 Years later, Mayow was probably
still not aware of the importance of these elastic forces [2]. Vesalius continued that
“from these facts anyone may readily deduce that the rough artery had to be constructed in
such a way as to distend when we breathe in and to be compressed again when we breathe
out” (quote on p. 44) [13], just like we now know the trachea to behave.

Vesalius’ records on diaphragmatic function
Following an extensive description of the anatomy of the diaphragm, Vesalius ob-
served that “its function in moving the thorax is not obvious, nor am I aware of anyone who
has left a proper account of it for posterity or undertaken deliberately to reproduce an earlier
account ..[..].. The septum will not reveal its secrets to a casual examination; one must ac-
quire a detailed knowledge of its position and form and must examine its function by means
of vivisection” (quote on p. 293) [12]. He carefully explained how it causes inspira-
tion “when it contracts ..[..].. and draws the extremities of the false ribs toward its center, it
constricts only the lower front portion of the thorax formed by the cartilages of the false ribs;
but in doing so it dilates the rear part, which extends from the cartilage of these ribs to the
vertebrae, and increases the intervals between the five lower ribs and also the sixth and sev-
enth thoracic ribs (for the septum is implanted into their cartilages as well). This is how the
transverse septum [diaphragm] dilates and distends the lower part of the thorax” (quote on
p. 293-294) [12]. He subsequently presented one of the very few observations found
in De Fabrica on in vivo human anatomy by adding “in order to follow more clearly what
I am saying, first put your two hands on the cartilages of the false ribs, take a deep breath, and
feel how the ends of the cartilages are pulled inward and upward. Then, leaving one hand in
this position, spread out the other and place it at the back of the ribs, take another breath, and
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observe how the ribs are drawn apart in the vicinity of the spinal column and the cartilages
move toward each other. If you have available a dog or some other animal, you should vivisect
that and investigate the action of the septum; in such a procedure you must take care lest you
think the animal is breathing out when it is actually breathing in, as you would be very liable
to do if you paid attention only to the extremities of the false ribs and the places into which
the septum is implanted” (quote on p. 294) [12].

Vesalius’ records on forced respiration
Following his description of the 40 bilateral respiratory muscles he recognized in
humans, Vesalius observed that “so greatly might the number of muscles of respiration be
increased” (quote on p. 295)[12] for forced respiration. He recorded that “if the quality
of the heart’s heat increases, or if one needs more air for the voice or for some other purpose,
straight away the first muscle [subclavian muscle], the second [anterior serratus muscle],
the third and fifth in humans [superior and inferior posterior serratus muscle] ..[..].. will
come into operation along with the septum” (quote on p. 295)[12]. These, in his view,
constituted the accessory inspiratory muscles.

Likewise, he stated that “if there is need of more forceful exhalation, that is of blowing,
for the voice, for shouting, or for playing flutes or trumpets or instruments of that sort, the
outer intercostal muscles will gird themselves up for action along with the inner ones, for I
assert that these too draw the ribs closer together and so constrict the chest. And they will
immediately receive assistance from ..[..].. the one that stretches on either side to the side of the
longest muscle moving the back [iliocostalis muscle], and also from the one that is hidden
in the chest cavity beneath the cartilages of the true ribs [transverse thoracis muscle], and
lastly the muscles of the abdomen themselves [rectus abdominis and pyramidalis, external
and internal oblique, and transversus abdominis muscles], but not, surely, any of those
that move the arm or the scapula” (quote on p. 295-5) [12]. Thus, it is clear which
muscles Vesalius considered to be the accessory expiratory muscles. Regarding the
role of the abdominal muscles as accessory expiratory muscles he explained that “if
the obliquely descending muscles [external oblique abdominal muscles] are tensed, they
slightly constrict the lower part of the thorax and so compress the thorax. The upright muscles
[rectus abdominis and pyramidalis muscles] along with the obliquely ascending muscles
[internal oblique abdominal muscles] draw the ribs downward and produce a considerable
constriction of the thorax. The transverse muscles [transversus abdominis muscles] pull
the ribs inward and hence operate to constrict the thorax” (quote on p. 295) [12].

Regarding the serratus muscles Vesalius remarked that “we (following other anatomists)
shall describe [it] when we deal with the muscles moving the thorax” even though one may
“conclude that it too moves the scapula” (quote on p. 244) [12]. Thus, he already realized
that certain shoulder muscles may be viewed as accessory respiratory muscles as well
as movers of the shoulder girdle when he wrote: “I would have you consider with some
care whether the present muscle comes from the scapula and is inserted into the ribs and these
vertebrae and so serves to move the thorax, or whether it takes origin from the ribs and these
vertebrae and insert into the scapula and might therefore be regarded as producing movement
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of the scapula forward along the sides of the thorax” (quote on p. 285) [12].

Vesalius on the conscious nature of respiration
Vesalius stressed the difference between the autonomous nature of pulsation of the
heart and the voluntary aspect of respiration when he observed that “the movement of
the heart is a natural movement that goes on irrespective of our will; but respiration depends
on our will, to the extent that we read of cases where people killed themselves by holding their
breath. This is regarded as very advantageous for man, not merely in respect of the quality
of life, but for life itself. For example, if respiration had to proceed with the same rhythm and
consonance as the pulse of the heart, so that respiration did not depend on our own will and
impulse, we would not be able to make speeches of long duration, and this would adversely
affect our quality of life. Again, if we could not hold our breath while walking through smoke
or dust or any bad and poisonous air, or through places contaminated by rotting corpses or
sewers or other such causes, these things would very rapidly harm our life and damage our
person. It follows as a consequence that the inhalation of air into our lungs through the rough
artery and the exhalation of the heart’s fuliginous waste had to be subject to our will” (quote
on p. 283) [12].

FIGURE 8.3: ‘I turn now to the vivisection that I promised earlier to describe; for it
you need a pregnant bitch or sow .[..]. Lay the animal down on its back so that the
front of its neck and the trunk of its body are facing upward with nothing obscuring
them. Tie it down to the board as strongly as you can as shown in the illustration
inserted at this point .[..]. Amongst other things, you must take particular care that
the upper jaw is tied firmly to the board .[..]. making sure that the animal’s neck is
stretched so as to be immovable and yet that the animal can breathe freely and make
a noise. Before tying the animal down like this I usually, for an audience that is well
versed in the dissection of the dead, go through the main things that they will see in
this dissection so that I will not have to delay the procedure with a lot of lecturing or

be constantly interrupting it’ (quote on p. 270-1) [13].
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Discussion

Vesalius’ misconceptions on the function of respiratory muscles
Vesalius’ De Fabrica primarily being a work on anatomy rather than physiology, his
observations on the physiology of respiration stand out. He proved to have cor-
rectly grasped most of the principles of tidal and forced respiration. Furthermore,
he recognized the internal and external intercostal, subclavian, serratus, iliocostalis,
transverse thoracis muscles, and the muscles of the abdominal wall as respiratory
muscles along with the diaphragm. Still, the remaining muscles that we currently
recognize as (accessory) respiratory muscles [14] were correctly described anatomi-
cally by Vesalius, but he failed to note their respiratory function. Likewise, he failed
to correctly interpret the mechanical action of some of the respiratory muscles he did
recognize [12].

As such, Vesalius misunderstood the physiology of the diaphragm. He worded his
misunderstanding in a rather sarcastic tone that, given our current knowledge, ap-
pears to backfire as misplaced arrogance when he wrote that he was “well aware that
certain eminent men of our time, who have on occasion attended my dissections, contend that
the proper movement of the septum is downward. They have failed to realize the implications
of the fact that nerves from the spinal marrow in the neck insert into the upper area of the
septum, of the very clear evidence afforded by vivisection, and also of the fact that when emp-
tying our bowels we compress the thorax by avoiding inhalation, not expand it by continuing
to breathe in; the latter would be necessary if the septum were drawn downward when the
chest expands, so that it could then join the abdominal muscles in assisting excretion. The
same thing is apparent when you breathe in very deeply but try to do so without allowing the
cartilages or false ribs to move upward and inward, for when you forcibly hold them still in
this way and take a couple of breaths, the area of the cartilages behave just as if it had been
punched with fists. But I think that you also are familiar with these facts one way or another,
and I have done so much arguing over these breathings in and out that sheer weariness impels
me to lay down my pen” (quote on p. 294) [12].

Second, Vesalius was wrong in his inclusion of the external intercostals along with
the expiratory muscles. He did so even though he recognized that “Galen opines in
many places that the thorax is constricted and expanded by means of the intercostal muscles;
and since there are two sets of these he writes that the outer muscles produce exhalation (which
means that they draw the ribs together and compress the thorax), while to the inner muscles
he ascribes the function of inhalation (which involves pulling the ribs farther apart and thus
increasing the size of the chest cavity). But sometimes he was inconsistent, wanting the outer
muscles to be in charge of inhalation and the inner ones of exhalation” (quote on page 290)
[12]. “Being utterly devoted to Galen”, Vesalius continued, “I would not venture flatly to
contradict his teachings, but even less would I express uncritical assent to them; it is a fact
that thus far I have not been able to find out how the intercostal muscles, whether inner or
outer, could possibly draw the ribs apart and separate them from each other. I have paid due
attention to Galen’s vivisections and have tried them myself both alone and in public lectures
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at Padua and Bologna, and they prove the exact reverse of what Galen teaches. In addition,
the position, shape, fibers, and everything else to do with the fabric of the intercostal muscles,
show quite clearly that these muscles draw the ribs together, not relax them” (quote on p.
290) [12]. It made him conclude that it is not “at all unreasonable that Nature should
have created all the intercostal muscles for breathing out or constriction of the chest, since we
need a stronger movement and impulse for blowing, speaking, coughing, sneezing, excreting
feces, and assisting the expulsion of the fetus -in short, for compressing the chest- than for
breathing in. That is why the muscles in charge of breathing in are few and weak” (quote on
p. 290-291) [12].

In his mistaking the external intercostals for expiratory muscles, however, Vesalius
stood not alone and the controversy regarding these muscles had not completely been
resolved in all details, even in 1986 [2].

FIGURE 8.4: In this ‘picture of instruments for dissection’ Vesalius ‘depicted lying
on top of a table a board that we find most useful in vivisection, and upon this board
we have placed everything that one could possibly need for practical dissections and
for anatomy in general .[..]. B,B: Board suitable for performing vivisections. C,C:
Various holes through which, depending on the size of the animal, we pass nooses to
immobilize its legs and arms. D,D: The rings are for tying the animal’s hands and
feet to. E: To this ring the upper jaw (but not the lower) is bound with a small chain to
keep the head still; thus the voice and respiration are not impeded by the use of chains’

(quotes on p. 148-9) [12].
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Vesalius’ misconceptions on the functional anatomy of the trachea
Vesalius has likely been the first to report on positive pressure ventilation through a
tracheotomy and on its life-saving function some 100 years before Robert Hooke re-
peated these experiments [1, 15, 16], when he instructed “in order to revive the animal,
make a hole in the root of the rough artery [trachea], insert into it a reed pipe or hollow pen
and blow into this until the lung rises and the animal starts, as it were, to breathe; it takes
only a small amount of air in this living animal to inflate the lung to the size of the thoracic
cavity. The heart then starts to beat again and nicely displays its various movements” (quote
on p. 273) [13]. Still, he showed his misunderstanding of the exact physiological
mechanics of respiration and the respiratory functional anatomy of the trachea when
noting that “for these [respiratory] functions it would be sufficient that it [the trachea] be
formed from a membranous and fleshy substance like the stomach, the gullet, or the arteries
and veins, and it would not need the cartilages with which it is in fact so liberally endowed;
and hence the conclusion is drawn that, so far as the attraction of air (cause by the vacuum),
the consequent distension of its own body, and the expulsion of the air again by its own com-
pression and narrowing are concerned, it is pointless for the Creator of the world to give it
any cartilages at all. It is an insult to the genius of the Creator to imagine, as some do, that
all the branches of the rough artery that distribute into the substance of the lung are made of
cartilages that are complete circles in shape and that the structure of the rough artery differs
here from where it lies alongside the gullet: these people have not realized that, if the structure
of the rough artery were like that, the lung could not distend and relax properly, or rather that
the branches of the rough artery could only become longer or shorter and could not increase
their breadth” (quote on p. 44) [13]. On hindsight, Vesalius’ sarcastic arrogance back-
fired again as he continued that “hallucinations are also being suffered by those who assert
that the rough artery was constructed to stand permanently open, not collapsed like the gullet,
to facilitate the ingress and egress of air; these people not only ignore the opening and closing
of the larynx but also are witless as not to have noticed that, if the rough artery and all its off-
shoots were permanently stretched open, the lung could never be compressed and dilated and
nothing could be drawn into the rough artery by avoidance of the vacuum, since this requires
that the artery have been previously collapsed. They should have learned this by considering
bellows, where the design of the part through which the air passes is quite different from that
of their cavity. The experts have made the cavity capable of distending and being compressed
so that the bellows can be filled and emptied, but the nozzle is made rigid and hence cannot be
compressed. If the bellows were rigid like this all over the whole point of it would obviously
be lost, as the bellows would then be like a glass flagon. So much, then, for the membranous
substance of the artery and the reason why it had to be membranous” (quote on p. 44) [13].

Conclusion
We conclude that Vesalius grasped most of the mechanical essentials of, and differ-
ences between, tidal and forced respiration even though he mistook some of the mus-
cle’s mechanical fashion of action. In publicly recording his insights, more than 470
years ago, he laid a firm basis for the understanding of the physiology of respiration
and the management of its disorders as we currently know them.
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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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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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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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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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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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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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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
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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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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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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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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].
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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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Introduction
Until well in the 19th century, the Aristotelian concept of scala naturae (ladder of nature)
was the most common biological theory among Western scientists. Aristotle (384–322
BC) had a hierarchical view of life in which all creatures could be grouped in order,
with humans being the highest order. Western medieval commentators on Aristotle
interpreted this as the scala naturae or the great chain of being, but these were not Aris-
totle’s terms [1, 2]. The scala may be represented by a virtual pyramid that included
non-living things (such as minerals and sediment) and the simplest form of life on its
lowest levels. Higher levels are occupied by animals with progressively increasing
complexity and the top is occupied by human, with only the angels and God above
them. Of the earthly creatures, only humans were felt to possess a rational soul that
provided the ability to reason and reflect. Animals were believed to be able to react
to sensation by use of a sensitive soul [3]. Because this view agreed with the Christian
belief that humans occupied an exceptional and superior position in God’s creation,
the Aristotelian theory became dominant.

Michel Eyquem de Montaigne (1533-1592) was the first philosopher that was influ-
ential enough to lastingly posit that animals are fully cognitive creatures [4]. This
view stirred a fierce controversy, with René Descartes (1592-1566) leading among his
many adversaries [4, 5]. Like the Aristotelians, Descartes denied that animals had
reason or intelligence. Unlike the Aristotelians, however, he felt that animal reaction
to sensations or perceptions could be explained purely mechanistically, rather than
being initiated by an Aristotelian sensitive soul [1]. After de Montaigne and Descartes,
naturalists disputed violently until well in the eighteenth century over the controver-
sial interpretation of animal behavior [4], contending whether the activities of animal
‘brutes’ were to be regarded as congenitally fixed or as the consequences of reasoned
choice [5].

Meanwhile, the increasing acceptance of other animals as intelligent beings had tan-
talizing implications for human cognitive psychology [4]. Evolutionary theories of
mind and behavior appeared distinctly for the first time in the nineteenth century
and accumulated in the famous works The Descent of Man (1871) and The Expression
of Emotions in Man and Animals (1872) by Charles Darwin (1809-1882) [6]. Darwin
concluded that “the difference in mind between man and the higher animals, great as it is,
certainly is one of degree and not of kind” (quote on p. 837) [6]. Only after it became
accepted that animals and humans alike have cognitive abilities, did the research
on the influence of conscious awareness and intention on the behavior of an animal
(cognitive ethology) become possible in the 20th century [7].

We found the anatomist Andreas Vesalius (1515-1564) to have rejected the Aristotelian
view on the lack of the rational soul in animals, some 40 years before de Montaigne
posited his views and some 90 years before Descartes formulated his objections to
both the Aristotelian view on the animal sensitive soul, and de Montaigne’s view on
animal cognition. To understand the extent and moment of Vesalius’ rejection, we
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present the texts that Vesalius spent on it in his 1543 opus magnum De Humani Cor-
poris Fabrica Libri Septem (De Fabrica) [8] and put his observations in historical per-
spective.

Materials and Methods
For this paper, we used the English translation of De Fabrica as presented by Aus-
tralian classicist W.F. Richardson and anatomist J.B. Carman, in 2009 [9].

Results

Aristotelian view on animal cognition in Vesalius’ time
Aristotle’s attempt to classify all animals known to him in his Historia Animālium
(History of Animals), made him the earliest natural historian whose written work sur-
vives. He grouped animals according to their morphological and behavioral similar-
ities (e.g. bloodless animals vs. those with blood; water animals vs. land animals;
animals with feathers, wings and beaks vs. those without) [2]. Aristotle’s felt that
all living creatures had souls. In De Anima (On the Soul), he argued that the soul is
the form, or essence of any living creature and that it is not a distinct substance from
the body that it is in [3]. This soul is not to be confused with the currently popular
view of the soul as a spiritual entity that inhabits the body. Hence, Aristotle’s soul
is sometimes translated as life force. The main part of De Anima is dedicated to the
determination of the nutritive, the sensitive, and rational souls. All species, plant or an-
imal, must have a nutritive or vegetative soul to be able to nourish themselves and to
reproduce. All animals additionally have a sensitive soul that grants movement and
sense. Aristotle regarded the ability to feel pleasure and pain as the simplest kind of
perception. Only some animals possess more developed versions of all five senses
and, therefore, the ability to distinguish objects in a complex way. As such, he pro-
vided the first written reports of mutualistic relations between individual animals, of
animal tool use, and of brood parasitism. Still, Aristotle did not explain these reports
by any internal powers of sense even though he “pointed out that animals seem to emu-
late humans in the qualities of their mental life” (quote on p. 111) [3]. Only humans were
considered to possess a rational soul or mind that provides the ability to reason, reflect,
and realize rationally formulated projects. This capacity for deliberative imagination
was singled out as the defining feature of humans in De Anima.

Based on Aristotle’s De Anima, the Persian scholar Avicenna (Abū Alı̄ al-usayn ibn
Abd Allāh ibn Al-Hasan ibn Ali ibn Sı̄nā, c.980–1037) developed a theory of instinct
in his Kutab al shifa (or Sufficientiae). This elaboration of the Aristotelian view on the
lack of animal rational abilities was adopted by Roger Bacon (c.1219-c.1292), by Al-
bertus Magnus (c.1200-1280) and his student Thomas Aquinas (1225-1274), and by
John Duns Scotus (c.1266-1308) [3]. Thus, Aristotle’s views were fully accepted in the
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Middle Ages. While the use of the Latin term rational animal for humans originated in
medieval scholasticism, it reflected the Aristotelian view of man as distinguished by
a rational principle. Thereafter, the Jesuits of Coimbra (in their In Octo Libros Physi-
corum Aristotelis Stagirita, 1602) and Franciscus Suarez in particular (in his De Anima,
1621) were among the many Christian scholars who contributed to, and preserved,
the Aristotelian legacy of interpretation of animal instinct, up to the Renaissance [5].

Because no work on zoology of similar detail as Aristotle’s work had been attempted
until the sixteenth century, the Aristotelian concepts remained highly influential for
some two thousand years [2, 3]. Only in 1580 did the French philosopher Michel
Eyquem de Montaigne (1533-1592) start to publish his Essays in which he argued,
among many other theses, that animals had rational abilities comparable to those of
humans. Still, Andreas Vesalius argued the existence of animal rational abilities some
40 years earlier in his De Fabrica [8].

Vesalius and his view on animal cognition
Vesalius (Andries van Wesel) was born in Brussels to a family of skilled physicians
that had had a lasting relationship with the rulers of the House of Habsburg for at
least four generations. His father was the apothecary of king Charles V, who would
later become the emperor of the Holy Roman Empire. Vesalius studied in Louvain,
Paris, and Louvain again to become Bachelor in Medicine. He was taught and trained
in the anatomical and physiological theories of Galen (c.130-c.200/c.216 AD) [10].
Galen’s teachings had become influential again at the end of the Medieval times that
had mostly been influenced by Arabic medicine. In Vesalius’ time, such teaching
was still done in Medieval tradition with a professor anatomiae declamating Galen’s
teachings from a pulpit, while a barber-surgeon performed possible dissections of
dogs, pigs and, sometimes, human corpses. One of the few exceptions to that rule
was Jacobus Sylvius (Jacques Dubois; 1478-1555) who taught a three-year course of
medicine in the de Tréguier in Paris, which Vesalius followed. Sylvius was an ardent
Galenist but he did his own dissections. Like Galen, however, he predominately
dissected animals as he had no human corpse at his disposal. Only occasionally, may
he have brought the arm or a leg of an executed convict to his demonstrations [11].

In December of 1537, Vesalius took his Medical Doctorate magna cum laude in Padua,
Italy, to be appointed Professor of Anatomy a few days after. Vesalius’ subsequent
extensive dissecting of human corpses taught him that Galen’s theories flawed in
many aspects, mostly because Galen had only dissected animals. During his public
dissections, Vesalius saw no problem in intellectual clashes with older authoritarian
Galenists and in his De Fabrica, he mentioned an corrected over 200 of Galen’s mis-
takes [12, 13]. In this way, Vesalius initiated the overthrow of 1350 years of Galenic
anatomical dogma. Likewise, we found that Vesalius did not hesitate to doubt some
1900 years of Aristotelian theory that had accumulated to the Christian dogma of
man being the only rational animal. Again on the basis of comparative anatomy he
concluded in the seventh book of his De Fabrica entitled ’Devoted to the brain as the
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seat of the animal faculty and to the sense organs’, that at least the “higher” animals must
have a mind similar to humans including some sort of rational soul [9].

In the chapter entitled ’The brain was constructed for the soul-in-chief, for our senses,
and for movement dependent on our own whim’, Vesalius stated “that the concupiscible
soul dwells in the principal viscus of [the organs of food and drink] .[..]. and .[..]. that
the power of the irascible soul dwells in the principal viscus of ..[..]. the organs devoted to
generation. We did not agree with the teachings of the Stoics and Peripatetics to the extent of
locating the animal principle in the heart or saying that the nerves take origin from the heart.
We have still to deal with the source of sensation, of voluntary movement and of the soul-in-
chief (by means of which we imagine, reason and remember), and that is therefore the subject
of the present book, which will describe the brain and all its parts along with the organs of the
senses” (quote on p. 161) [9].

In the same chapter, Vesalius recalled the Aristotelian principles of his training: “I
have not yet forgotten something that I heard when I was a student of natural science in the
Castle School, the most important and famous wing of the university at Louvain. Our teacher
was a theologian by profession and therefore, of all the academic staff in that university, the
most inclined to mix religious teachings with scientific. He was reading to us commentaries
on Aristotle’s On the Soul, and in these it was written that the brain has three ventricles of
which the first is in the front, the second in the middle and the third at the back. In addition
to names derived from their positions they have other names derived from their function. The
first, or anterior, ventricle, which was said to be in the forehead, was called the ventricle of the
common sense, because from it the nerves of the senses travel to their organs, and because by
means of these nerves odors, colors, flavors, sounds and tactile qualities are conveyed to this
so the authors of these commentaries thought! They thought that the main function of the
first ventricle was to receive things transmitted by the senses (popularly grouped together as
the common sense) and pass them on to the second ventricle by a channel linking the two, so
that the second ventricle could imagine, reason or think about the thing transmitted; thought
or reasoning was therefore attributed to this second ventricle. The third ventricle was sacred
to memory; in it the second ventricle, having abundantly mulled over the things transmitted
to it, would deposit all such portions of them as it wanted to retain. If this third ventricle
is moister like wax, things can quickly be engraved in it; if it is drier like hard stone the
engraving process is slower. This means that in proportion to the ease or difficulty of the
engraving this ventricle would preserve for a shorter or longer time what was entrusted to
so these commentaries said! But this third ventricle did not retain or form likenesses of these
things for its own purposes or its own benefit, but rather for the sake of the second ventricle,
so that whenever the second ventricle began to reason on some subject that had been entrusted
to the sinus of memory this sinus could swiftly dispatch it, whatever it was, to the second
ventricle, as to a sort of factory of reason, for processing” (quote on p. 164) [9].

Vesalius continued that “to help us grasp each point in which we were being instructed we
were shown a diagram taken from some pearl of philosophy. This diagram depicted the afore-
said ventricles, and we students copied it down in our notebooks with accuracy in proportion
to our interest in scholastic drawing. We were persuaded that it showed, not merely the three
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FIGURE 10.1: Tabula VI of the 7th book of Vesalius’ De Fabrica showing an
‘amount of the brain left in the skull .[..]. we have detached the front of the body
that resembles a tortoise shell [body and crus of fornix] from the substance of the
brain and bent it upwards and backwards to reveal its lower surface ..[..].. The key
to the symbols of this figure is as follows. A,A,A: Lower surface of the body that
resembles a tortoise shell [body and crus of fornix]; this surface forms the top of the
third ventricle. B: Portion of the body that resembles a tortoise shell within the right
ventricle; it takes origin here from the substance of the brain. C: Portion of the body
that resembles a tortoise shell in form and function; this portion grows out from the
left ventricle of the brain. D,D: Right ventricle of the brain. E,E: Left ventricle of the
brain. .[..]. H: Vessel [great cerebral vein] that takes origin from the fourth sinus
of the hard cerebral membrane and runs under the body that resembles a tortoise shell
into the cavity shared by the right and left ventricles and known as the third ventricle.

.[..].’ (quotes on pp. 135 – 136) [9].
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ventricles, but all the parts, not merely of the brain but of the whole head” (quote on p. 164)
[9]. Subsequently, he set out to correct this dogma by stating: “But the whole thing
was a figment of the imagination of people who had never seen the brilliance of our Creator
in the fabric of the human body; the following account show how wrong their account of the
structure of the brain was” (quote on p. 165) [9].

Some further, Vesalius provided the detailed anatomy of the cerebrum and cerebel-
lum and discussed the morphology and function of the ventricles (Figures 10.1-10.3).
After having done so, he commented that there cannot “be anyone (excepting disciples
of Albertus [Magnus], Thomas [of Aquino], [John Duns] Scotus, and that gang of theolo-
gians) who could be persuaded that one of the worms [the anterior and posterior parts of
the vermis cerebelli] (for they cannot both be used to close a single orifice) controls the chan-
nel so as to allow phantasms to enter into the seat of memory .[..]. and then transmit them,
like thieves fettered in the jailhouse of memory, into the middle ventricle, which they regard
as the seat of reason. In that case God the Creator of the world would in vain be providing
the dog, the sheep, and other such animals with wormlike processes [lingula cerebelli and
uvula vermis], since (according to them) these animals have no faculty of reason” (quote on
p. 208-209) [9].

Vesalius thinks differently on the animals having faculty of reason and in a paragraph
entitled ’The structure of the animal brain does not differ from the human’, he noted that
“it is a fact that the brain of a sheep, a goat, an ox, a cat, an ape, a dog and even of certain
birds that I have dissected shows virtually no difference from the human brain in respect of the
conformation of the parts, and especially in respect of the ventricles. We do, however, know
that there is a difference in size according to the amount of reason that they seem to possess:
man’s brain is the largest, followed by the ape’s, the dog’s, and so on, corresponding to the
amount of rational force that we deduce each animal to have. The size of the human brain is
not proportional to the size of the body, for man’s brain is larger than that of any other animal:
it is larger than the brains of two horses or two oxen or two donkeys” (quote on p. 165)
[9]. This observation echoed some 330 years later through Darwin’s conclusion that
“the difference in mind between man and the higher animals, great as it is, certainly is one of
degree and not of kind” (quote on p. 837) [6].

Vesalius continued that “all this, along with the fabric of the ventricles, [was to] be made
perfectly clear” by his anatomical dissections (quote on p. 165) [9]. “In examining the
brain and its parts there is nothing to be gained by vivisection” according to Vesalius, “since
here, whether we like it or not, we are required by the theologians of our own day to deny that
dumb animals have memory, reason or thought, even though the construction of their brain
is the same as that of the human one. Hence the anatomy student who is well versed in
dissection of the dead and not infected by any heresy well understands what a mess I should
get myself in if I were to say anything about vivisection of the brain, much as I should like to
do so” (quote on p. 269-270) [9]. Still, he felt he could “demonstrate the functioning of the
brain by the vivisection of animals with a high degree of truth and probability. But as to how
the brain performs its task in respect of imagining, reasoning, thinking and remembering (or
however else you like to subdivide and enumerate the powers of the soul-in-chief in conformity
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with someone else’s teachings) I have reached no satisfactory conclusions. I have examined the
parts of the brain unceasingly and in the utmost detail and have observed all other parts of
the body whose function is apparent to even a passing examination in the course of dissection;
but whatever analogy I should come up with as a result of this or whatever likelihood should
arise in my mind could not be set down without damaging our most holy faith” (quote on p.
163) [9]. This way of reasoning for the existence of animal cognition may be seen as
an argument from analogy. Such an argument can be formulated as [14]:

1. All species I already know to have cognition (i.e., humans) have property X (i.e.,
three ventricles);

2. Individuals of species Y (i.e., a “higher” animal) have property X;

3. Therefore, individuals of species Y probably have cognition.

Moreover, Vesalius indicated to be fully aware of “the degree of impiety that my descrip-
tion of the function of the cerebral ventricles (so far as the powers of the soul-in-chief are
concerned) will bring to beginners whose minds are not yet strong in our most holy faith: this
point can be pondered by those who have learnt that the brains of quadrupeds closely resemble
human brains in every respect, despite the fact that, on the basis of the teachings of theolo-
gians, we deny to the animal brain all power of reasoning and indeed a rational soul” (quote
on p. 165) [9].

Still, he concluded the part on the function of the ventricles with the remark that “at
the beginning of this book I gave a summary account of the functions of the brain, and I in-
cluded there everything that I felt confident enough to set down in writing. I have decided
that the only thing I will say here about the ventricles is that they are the cavities or sinuses
in which the air that is brought in by inhalation, and the vital spirit that is conveyed to them
from the heart, are transformed by the power inherent in the characteristic cerebral substance
into animal spirit. This spirit is subsequently distributed by means of the nerves to the or-
gans of sense and movement and they, by virtue of this spirit and of their structure (which
is adapted to their own functions), perform their task: the muscles move, the eye sees, the ol-
factory organs detect scents, the organs of hearing perceive sounds, the tongue distinguishes
flavors, and every part to which a nerve travels recognizes different tactile qualities. I have
no hesitation at all in saying that the ventricles produce animal spirit; but I cannot say any-
thing about the areas in the brain occupied by the faculties of the soul-in-chief (though the
people who nowadays like to be called theologians and consequently think that there are no
limits to their powers allot these as well). All the theologians of our own time flatly deny that
apes, dogs, horses, sheep, cattle and similar animals have the principal powers of the soul-in-
chief [imagining, reasoning and remembering] and state that humans alone have (to say
nothing of others) the faculty of reason and that (if I understand them correctly) all humans
have this to an equal degree. Yet our dissections reveal that animals have the same number of
ventricles as humans; and not only is the number the same but they are alike in every other
respect as well except size and the integrity and accuracy of their temperament. Even for the
sake of these humans, therefore, let me hold aloof from inquiring any further into the function
of the ventricles” (quote on p. 198-199) [9].
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FIGURE 10.2: Tabula VIII of the 7th book of Vesalius’ De Fabrica showing that
‘we have removed still more of the brain and have divided the testes [superior col-
liculi] by a cut lengthwise so as to show the channel that stretches from the third
ventricle to the fourth. In addition, the part of the hard membrane that covers the
cerebellum has been cut through and is seen turned back. .[..]. L: If this symbol had
been placed directly on the thing it marks it would have been lost in the shading, or
else the shading would have had to be scooped out to accommodate it, thus spoiling
the picture. I have therefore placed it on the front end of the cerebellum, to mark the
foramen and channel that travels from the third ventricle of the brain into the fourth.
It would have been impossible to show this foramen if the L had been placed directly on
it. M: We have left in position the gland that resembles a pine nut [pineal body] .[..].
N,O,P,Q: These four symbols mark what was a single body before cutting .[..]. It has
now been divided in two in the course of dissection. N and O mark the parts of this
body known as testes [superior colliculi], P and Q the so-called buttocks [inferior

colliculi]. .[..].’ (quotes on pp. 141-142) [9].
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This conclusion resonated in Frans de Waal’s summary of The Cambridge Declaration
on Animal Consciousness [15]: “that given the similarities in behavior and nervous systems
between humans and other large-brained species, there is no reason to cling to the notion
that only humans are conscious." As the document puts it, ‘The weight of evidence indicates
that humans are not unique in possessing the neurological substrates that generate conscious-
ness’” (quote on p. 234) [16].

Discussion

Early modern thinkers’ view on animal cognition
Even though Greek philosophers such as Pythagoras (c.580-c.500 BC), Aristotle’s
pupil Theophrastus (c.371–c.287 BC), Pliny the Elder (23–79 AD) and Plutarch (c.45–
c.120 AD) had defended that animals had cognitive abilities [4], the Aristotelian de-
nial of such abilities was to dominate Western intellectual thought for some 2000
years [17]. Michel Eyquem de Montaigne (1533-1592) was the first philosopher to
be heard when he posited that animals are fully cognitive creatures and that their
societies are not so different from ours. Allegedly, his view on animal cognition re-
flected “an increasing tendency in the early modern period to credit animals with reason,
intelligence, language and almost every other human quality” (quote on p. 29) [4]. Other
early modern thinkers immediately recognized that de Montaigne’s thesis on animal
cognition was inextricably linked to human nature and the theological discourses
pertaining to the problem of the human soul’s (im)mortality. Obviously, this led to
fierce debate. De Montaigne’s ideas needed to be defended against critics who ac-
cused him of promoting the unchristian idea that the human soul is mortal due to
its intimate connection to the material body [4]. On the one hand, Etienne Pasquier
(1529-1615), Hieronymus Fabricius ab Aquapendente (c.1533-1619), Pierre Charron
(1541-1603), Francis Bacon (1561-1626), Marie de Gournay (1565-1645), John Hagth-
orpe (1585-c.1630), Pierre Gassendi (1592-1655), and Marin Cureau de la Chambre
(1594-1669) strongly supported de Montaigne’s natural philosophy [4, 18]. On the
other, Joseph Justus Scaliger (1540-1609), René Descartes (1592-1655), Jean de Silhón
(1596-1667), Charles Cotton (1630-1687), John Locke (1632-1704) and Nicolas Male-
branche (1638-1715) vigorously refuted his views [4, 5].

Some 90 years after De Fabrica, Descartes formulated his views on the rational soul.
In a letter to the Marquess of Newcastle, Descartes explicitly states his disagreement
with de Montaigne’s attribution of “understanding or thought to animals” (quote on p.
28) [4]. Like the Aristotelians, Descartes separated man from animals, but he did
so more decisively. Decartes presented his arguments in l’Homme (1630-1633) that
was only published posthumously in Latin translation in 1662 as a consequence of
Descartes’ fear for an Inquisitionary condemnation, such as Galileo Galilei experi-
enced in 1633 [19]. For Descartes and other Cartesians, animals did not have reason
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FIGURE 10.3: Tabula IX of the 7th book of Vesalius’ De Fabrica showing ‘the
same amount of the brain as Tabula VIII. However, here the skull has been tipped over
on the face and the portion of the hard membrane that separates the cerebrum from the
cerebellum has been cut away, and the cerebellum has been grasped with the hands
and pulled forward and downward from its seat in the skull so that it hangs slightly
turned down, exposing the region of it that is normally in contact with the skull. The
cavity of the spinal marrow that constitutes half of the fourth ventricle can be seen.
.[..]. A,A: Part of the brain still left in its proper position in the skull cavity. B,C,D:
These three symbols mark the cerebellum bent downwards from its seat .[..]. C marks
the middle part of the cerebellum [vermis], somewhat resembling a worm; its ends
constitute the processes likened by the ancients to worms. .[..]. I: Sinus of the spinal
marrow somewhat resembling the nib of a pen for writing; it constitutes the cavity in
the middle of the ventricle shared by the spinal marrow and the cerebellum, that is, of
the ventricle called by the experts in dissection the fourth ventricle of the brain. .[..].’

(quotes on pp. 144-145) [9].
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or intelligence but mimicked intelligent action. Animals, they felt, do not lack sen-
sations or perceptions but still operate as mere machines: brutes functioned purely
mechanically according to the laws of physics [18]. Aristotelians and Cartesians dif-
fered profoundly on the ultimate principles of animal psychology. They nonetheless
agreed that complex animal behavior should be explained by appeal to instincts that
they understood as blind, innate urges instilled by the Creator for the welfare of his
creatures [5].

Descartes extensively corresponded with the French theologian, philosopher, and
mathematician Père Marin Mersenne (1588 –1648), an ordained priest who had many
contacts in the scientific world and has been called “the center of the world of science and
mathematics during the first half of the 1600s” (quote on p. 59) [20]. Mersenne was not
afraid to cause disputes among his many learned friends and, in 1642, he engaged the
French priest, philosopher, and mathematician Pierre Gassendi (1592-1655) in con-
troversy with Descartes. Again some 90 years after Vesalius, Gassendi undertook a
comparative study of animal and human cognitive abilities in his Syntagma philosoph-
icum (Philosophical treatise, published posthumously in 1658) to conclude that these
were logically similar: both human and animal souls operated on sensory images to
yield reasoned actions [18]. Gassendi’s objections to the fundamental propositions of
Descartes appeared in print in 1642.

Thus, 50 years after de Montaigne, a second philosopher influentially supported
Vesalius’ original views on animal cognition by forcefully opposing the Aristotelian
and Cartesian interpretation that complex animal behavior should be explained only
by appeal to instincts [5]. Mann Cureau de La Chambre (1594-1669), an associate of
Gassendi, agreed and through the next century French sensationalists were reticent
of the use of instinct as the sole explanation of animal behavior [5].

Vesalius’ influence on the concept of animal cognition
Because of his De Fabrica, Andreas Vesalius is generally considered a genius [21]. Ge-
nius, in general, does not acknowledge authority. The true genius is well informed
on what authority proclaims, but does not unquestioningly accept these proclama-
tions for granted or, even, as dogma’s. Only if acceptable to their own independent
intelligence and deduction, do geniuses accept a thesis or a way of reasoning. Thus,
Vesalius felt that “everyone who has not surrendered to the authorities but believes in the
truth will agree with me” (quote on p. 191) [12]. This implicit doubt of all that is gen-
erally accepted, but never proven, to be truth is obvious from Vesalius texts. Even
at age 27, Vesalius did not shun from fulminating against the separation of internal
medicine, surgery and pharmacy, customary in his era (as it is today). In the preface
of De Fabrica that was directly addressed to no one less than the “most noble emperor
Charles”, Vesalius expressed to be sure of his view that the “threefold approach to heal-
ing cannot be broken up and the whole of it is the province of each individual practitioner;
and in order that he or she should properly achieve this end all the branches of medicine alike
share the characteristic that their efficacy as individuals depends on their use in combination
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as a unified whole. It is very rare to find a disease that does not require all three instruments
together; in other words, there is an appropriate regiment to be instituted and something to be
shifted by drugs and, failing that, by manual means. It therefore follows that beginners in the
art must be urged in every way to take no notice of the whisperings of the physicians (if I may
use the word) but to use their hands as well in treating, as the Greeks did and as the essence
of the art demands, lest they convert a crippled system of treating into a curse on the whole of
human life. They must the more diligently be urged to do this in that we see today people with
a fully rounded medical training recoil from surgery as from a plague lest the medical Rabbis
slander them before the uneducated mob as mere barbers and they be unable in consequence to
attain to the income of those less-than-half-doctors or to their honour or to their status in the
eyes of the common people” (quote on pp. x - ix) [22].

Likewise, he eventually parted from the Galenic tradition of his training because his
observations no longer supported it: “I cannot set bounds to my astonishment at my own
stupidity and excessive trust in the writings of Galen and other anatomists” (quote on p.
217) [9]. Vesalius demonstrated the flaw in the work of these previous anatomists
and in particular Galen, his initial example, and proved that human anatomy could
not be derived solely of animal anatomy; it has to be seen with the bare eye in human
cadavers. He confessed to have been “so besotted by Galen that I had never undertaken
to demonstrate a human head without the head of a lamb or ox at my public dissections;
I was so keen not to gain the reputation of having been unable to the plexus whose name
was familiar to everyone that I imposed upon my audience by demonstrating from a sheep’s
head something I had never found in a human one” (quote on p. 217) [9]. Thus, the
instruction of the ardent Galenist Sylvius to perform all anatomical dissections by
yourself paradoxically led to the overthrow of Galenic authority.

Although most of Vesalius’ medical contemporaries had only the important ancient
texts as the weight of their authority, the anatomists had the dissected body to con-
firm or contradict the authorities. Vesalius was explicitly placing this all in front of
the medical authorities of his time with little talent for diplomacy [21]. The clash
of the older authoritarian Curtius and the young brazen Vesalius that was minutely
recorded by Heseler in his eyewitness report of a public dissection in Padua, Italy
[13], showed a clear dichotomy between the traditional medieval anatomy that had
been sustained by scholasticism and the revolutionary Renaissance anatomy based
on direct observation that was introduced and championed by Vesalius – a difference
manifestly evident to the students present [23].

The French philosopher de Montaigne was born only a decade before Vesalius first
published De Fabrica. By the time he started writing his Essays in 1572, de Montaigne
spent most of his days in his library that is said to have held 1000 historical and con-
temporary medical and philosophical books [24]. No doubt that Vesalius’ De Fabrica
was one of these. De Montaigne was taught by Sylvius in Paris and [24, 25], therefore,
very likely knew that this ardent Galenist fiercely rejected De Fabrica. However, rather
than busying himself with Galen’s observations, de Montaigne reverted back to the
pre-Galenist idea that each individual is component to govern all aspects of his own
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life [26]. As such, de Montaigne referred to works of Plutarch more than 400 times in
his Essays and felt that the great medical innovators of his time, notably Paracelcus
(1493-1541), Leonardo Fioravanti (1517-1588), and Giovanni Argenterio (1513-1572)
were changing the medical paradigm for the worse [27]. His not including Vesalius
in this regard suggests that de Montaigne, just like Vesalius himself, felt that Vesalius’
work was an act of renaissance within the existing contemporary paradigm, rather
than a revolution against it [28]. In all, it is very likely that de Montaigne knew (of)
Vesalius’ observations on similar cognitive functions of the similar human and ani-
mal cerebral anatomy. We conclude that de Montaigne may, even, have been inspired
by Vesalius’ observations when he posited that animals are fully cognitive creatures.

Some 50 years after de Montaigne, Descartes came to his arguments after having
“taken into consideration not only what Vesalius and the others write about anatomy, but
also many details unmentioned by them, which I have observed myself while dissecting var-
ious animals” as of 1629 (quote on p. 353) [19]. Thus, Descartes acknowledged the
influence that Vesalius’ work had on his reasoning and his work is to be considered
in a continuous line in the evolution of anatomical and physiological knowledge from
Vesalius onwards [19].

Conclusion
We conclude that Andreas Vesalius was instrumental in breaking with two millen-
niums of dominance of the various concepts of lack of animal cognition, just as he
was instrumental in breaking with the 1350-years-old Galenist concepts of human
anatomy and physiology.
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Introduction
The predecessor of the rackets used in the modern game of tennis originated around
1500 when the European nobility started using sheep-gut strung rackets to play their
game of jeu de paume [1, 2]. We were surprised to come across a note on such rackets
in the 1543 work of the founder of modern anatomy, Andreas Vesalius, and set out to
try and explain how such an early mentioning found its way in a principally anatom-
ical treatise [3].

Materials and Methods
The original Latin quote on the tennis racket was found in Book II - The Ligaments
and Muscles of the first print of Vesalius’ opus magnum De Humani Corporis Fabrica
Libri Septem (De Fabrica). For this inventory we used the digital copy of the original
1543 print of De Fabrica [3], and its English translation as provided by Richardson and
Carman, in 1999 [4].

The possible links between Vesalius and the early origins of the tennis racket was as-
sessed by use of the earliest historical references provided by Whitman [5], Gillmeis-
ter [2], and de Bondt [1]. Most of these references were digitally traced through the
world wide web.

Results

Early history of the tennis racket
Jeu de paume allegedly originated in the courts of French monasteries at some moment
during the high Middle Ages (1000 - 1300). As the name of the game indicates, the
ball was initially played with the palm of the bare hands but, gradually, the players
started using gloves (c. 1200) or thong bindings (c. 1300) [2].

At the end of the 13th century, jeu de paume started to spread outside the monasteries
to become a very popular game, initially among the nobility and later among the
people of Western Europe. In the Dutch and Flemish speaking regions (currently
known as the Netherlands and Flanders and Brussels in Belgium), the game became
known as ‘kaatsen’ [1]. The people played the game in the open, whereas courts were
built in the castells of the nobility. Hence, the elite played jeu de courte paume. As of
the 14th century, some players started to use a battoir to hit the ball and the form of
this bat evolved from a club to the form of our current table tennis paddle [5]. As this
use implied that the ball could be played over longer distances, it introduced the jeu
de longue paume.
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FIGURE 11.1: In Tabula VII of the twelve muscle-men included in De Fabrica
‘the rope from which the cadaver was suspended while being drawn has been lowered.
The cadaver therefore leans slightly backward, enough to show the transverse septum

[diaphragm] .[..]. ∆: Transverse septum’ (quotes on p. 50-1) [4].
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FIGURE 11.2: Detail of Tabula VII in which ‘you can see the septum depicted .[..].
in the form in which it appeared to us after being cut out and stuck to the wall with
its own tackiness .[..]. ∆,k,l,m,n: Transverse septum, whose membranous circle is
circumscribed by k,l,m,n in the septum spread out beside the body. The area which
surrounds these symbols and stands outside them and has fibers running through it
is the fleshy part of the septum. o,p: Two ligaments or tendons of the septum [left
and right crus of the lumbar part of the diaphragm], inserted into the bodies of
lumbar vertebrae. q: Cleft in the septum [aortic hiatus], where the septum rests upon
the bodies of the vertebrae, and which transmits or makes way for the great artery and
the vein with no partner; their orifices are marked q in the cadaver of the present table
.[..]. r: Foramen for the gullet [esophageal hiatus]; the gullet is marked r also in
the cadaver.

∫
: Foramen for the trunk of the vena cava; the trunk of the vena cava is
marked

∫
also in the cadaver’ (quotes on p. 50-1) [4].
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Some time around the year 1500 the solid wooden bat evolved to become a racket
that was strung [1, 2]. The earliest mention of such a tennis racket may be traced
back to the Archduke of Austria and King of Castile, Philip le Beau. A contemporary
report accounts that on “the XXXI of January which was one of a Sattordaye in the yeare of
our Lord 1505 and the 21 yeare of our Souveraigne Lord Kynge h. 7 [King Henry VII], his
Highness receaved the kynge of Casteelle at his castell of Windesore [Windsor Castle] .[..].
The Sattordaye of the 7 of ffebruary .[..]. both kyngs went to the tennys playe .[..]. wheare
played my Lord marques, the Lord Howard and two other knights togethere, and aftere the
kynge of Casteele had seene them play a whylle, he made partye with the Lord Marques of
Dorset the kynge Lookynge on them, but the kyng of Casteele played with the Rackete and gave
the Lord Marques [an advantage of] xv. and after that he had pled his pleasure and arrayed
him selfe agene it was almoste nighte, and so bothe kyngs Retorned agayne to their Lodginges”
(quote on p. 434-441) [6]. Rather than in 1505, however, this episode must have taken
place in early 1506 according to our Gregorian calendar because Philip and his wife
Joana sought shelter in the harbor of Falmouth after struggling with adverse winds
for more than a fortnight after they left the Netherlands to take possession of the
Castilian throne, in the beginning of 1506. Second, Henry VII seized the crown on
August 22, 1485, and the 21st year of his reign ran, therefore, from August 1505 to
August 1506. Third, January 31st fell on a Saturday in 1506 and on a Friday in 1505
according to the Julian calendar that was predominant until the Gregorian reform, in
1582. However, from 1155 to 1751, the English civil year started on March 25th (the
feast of the Incarnation of Jesus) and, hence, January 31st was still reckoned to 1505,
in England.

King Philip I, thus, was an early adaptor to the use of rackets in the jeu de paume and
when he died shortly after, on September 25, 1506, his legacy included three rackets
[1]. Because of their costs, use of such rackets was initially reserved to the elite. One
would not expect an anatomist as Andreas Vesalius, to mention a tennis racket in one
of his works less than 40 years after.

Vesalius’ mentioning of a tennis racket
In a paragraph on the transverse septum [diaphragm] in chapter XXXV of Book II of
De Fabrica, Vesalius explained that “the septum as a whole is almost exactly circular. It is
positioned obliquely, for it stretches from the breast bone through the ends of the false ribs to
the region of the lumbar vertebrae just described, and therefore occupies a position that slopes
down from the front to the back. Furthermore, it has two circlesa, one membranous (which is
regarded as its head) and a fleshy one surrounding this; and just as the latter becomes ever
fleshier the closer it gets to the ribs, so the former is more membranous the closer it comes to the
center of the septum. Neither is an exact circle, but each is, as you might say, broadened out
and ends at one point in an acute angle. The membranous one extends its acute angle upward
and forward, the fleshy one downward and backward, very like the racquets that we use in
the game with the small ball, particularly if the handle of the racquet were undone and left
slightly open, and the wooden part made shorter and broader by being crushed hard against
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FIGURE 11.3: Emblem 5 in Le Théatre des bons Engins by Guillaumes de la
Perrière, published in 1539 [10]. Along with Emblem 41, it is accepted as the

earliest known illustrations of netted tennis rackets.

FIGURE 11.4: Emblem 41 in Le Théatre des bons Engins by Guillaumes de la
Perrière, published in 1539 [10]. Along with Emblem 5, it is accepted as the

earliest known illustrations of netted tennis rackets.
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the walls” (quote on p. 291-292) [4]. In this quote, Vesalius inserted the superscript
‘a’ referring to a note in the margin of the text, in which he noted: “In Table VII one is
between k,l,m,n, the other outside”. This Tabula VII is the seventh of the fourteen famous
muscle-men that Vesalius included in De Fabrica (Figures 11.1 and 11.2) [4].

Vesalius used the words “illis reticulis quam simillimus, quibus in parue pilae ludo utimur
et praecipue si eius reticuli capulus dissolutus” in his 1543 Latin original of this quote
(on p. 291) [3], thus referring to tennis rackets as reticula. The same use of the Latin
word reticulum may also be found in the Colloquies of his contemporary Desiderius
Erasmus (1466 - 1536) from Rotterdam, in which Hieronymus and Nicolaus discuss
the use of a racket, in 1522 [7].

Discussion

Vesalius’ knowledge of tennis and tennis rackets
Vesalius was the second-born in the fifth generation of a family serving the Habs-
burg and Burgundy royal houses as physicians (first three generations) or apothecary
(Vesalius’ father; the fourth generation). Vesalius’ father served both the sister, and
the son of Philip le Beau, while his grandfather had served Philip himself (see Figure
1.3) [8]. Hence, Vesalius may have been familiar with the tennis racket at an early
age.

The idea of a wooden racket netted with sheep gut strings probably had his origin
in the Dutch or Flemish speaking region (that included Brussels, the home town of
Vesalius) and [2], as mentioned above, Erasmus already made note of the use of such
strung rackets in his Colloquies in 1522 [7]. Proof exists that, by 1525, the Dutch
duke Karel van Gelre ordered his rackets in the Brabant region in Flanders or the
Netherlands [1, 9]. Hence, Vesalius very much lived in the very center of early use of
the racket.

When Vesalius did his studies in Paris from 1533 until 1536, moreover, the students
of the University of Paris already played their jeu de paume using rackets [1]. By the
time Vesalius wrote De Fabrica, from 1538 to 1543, the use of rackets had spread over
Europe [10, 11]. Consequently, Vesalius had many opportunities to be well informed
on the details of the tennis rackets of his era.

The tennis rackets of Vesalius’ era
Two emblems in Guillaumes de la Perrière’s Le Théatre des bons Engins published in
1539 are accepted as the earliest illustrations of strung tennis rackets (Figures 11.3
and 11.4) [10]. Both woodcuts show that these early rackets had hardly any length of
stem. The handle turns directly to the blade of the racket. The same applies for the
second-oldest known illustration of a diagonally strung racket that is illustrated on
page 164 of Scaino’s Trattato del giuoco della palla di Messer (Figure 11.5) [11]. Viewing
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these figures from Vesalius’ era, the comparison he made between these and the di-
aphragm as illustrated in his De Fabrica (Figure 11.2) may be well understood. One
can even imagine what these early rackets will look like “if the handle of the racquet
were undone and left slightly open” (quote on p. 291-292) [4].

Conclusion
We conclude that Vesalius had many opportunities to be well informed on the details
of the tennis rackets of his era. He may well have used the comparison knowing that
it would appeal to his students, all of whom were likely to be familiar with the mean-
while very popular game of tennis.

FIGURE 11.5: La rachetta depicted on the ‘pianta del giuoco dell Louvre de Pariggi’
[11]. Note that this racket was diagonally strung.
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It has been shown in the previous chapters that Vesalius was the first to publicly and
commercially record the anatomy and physiology of the upper extremity and shoul-
der girdle muscles, the superficial fascial and mammary suspensory systems, and
the respiratory and voice producing systems. His observations on animal cognition
have been argued to have been instrumental in breaking with two millenniums of
dominance of the various concepts of lack of animal cognition. These innovating ob-
servations and the way Vesalius presented them, have revolutionized anatomical and
physiological knowledge and research.

Genius does not accept authority
Because of his De Fabrica, Andreas Vesalius is generally considered a genius [1]. Such
was the genius of De Fabrica that Giambattista Caneno from Ferrara stopped the pub-
lication of his own multi-volumed book entitled Musculorum Humani Corporis Pic-
turata Dissectio [2]. Only its first section on the muscles of the upper limb was pub-
lished, as Canano aborted the project after he met with Vesalius and saw the proofs
of Vesalius’ De Fabrica that he assessed as far superior, in 1542 [3, 4]. Vesalius knew,
or at least had the arrogance to regard De Fabrica to be a work of genius as he had the
pedestal of one of his Tabulaes inscribed with “Vivitur ingenio, caetera mortis erunt”
(quote on p. 164) [5], or “Genius lives on, all else is mortal” (Figure 12.1) [6]. He felt
he was not “unaware of the steps in which I have learned the fabric of the human body by
teaching others and by writing” and continued: “in this regard I acknowledge no preceptor
whatever” (quotes on p. 208) [7, 8].

Genius, in general, does not accept authority. The true genius is well informed on
what authority proclaims, but does not unquestioningly accept these proclamations
as dogmas or, even, for granted. Only when acceptable to their own independent
intelligence and deduction, do geniuses accept a thesis or a way of reasoning. Thus,
Vesalius felt that “everyone who has not surrendered to the authorities but believes in the
truth will agree with me” (quote on p. 191) [7].

This implicit doubt of all that is generally accepted as truth is obvious from Vesalius’
texts. Even when addressing Emperor Charles V, Vesalius at age 27 did not shun from
fulminating against the strict separation of internal medicine, surgery, and pharmacy
customary in his era. Likewise, he eventually parted from the Galenic and Aristote-
lean traditions of his training because his observations no longer supported it (see
also chapter 10).

Hence, Vesalius motto was “that no one should accept what this book or any other says,
however much it has been approved by age or authority, without first, and more than once,
testing what it says by means of careful dissection” (quote on p. 373) [9]. In a more neg-
ative spirit, he noted that “the crowd of philosophers (and, I might add, theologians) of
our time .[..]. care not at all (shame on them!) to what depths of impiety they condemn the
tender minds that they are instructing; for at a later date these students, no longer enrolled
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FIGURE 12.1: Tabula on page 164 of the 1543 edition of De Fabrica. The motto
‘Vivitur ingenio, caetera mortis erunt’ has been borrowed from the Elegia in Mae-
cenatem I, verse 38 and should be dated about 50-75 AD. Only as late as the
first quarter of the 16th century this verse line emerges as a subscript under
the portrait of Willibald Pirckenheimer (1470-1530), made as a copper plate
by Albrecht Durer (1471-1528). It is unknown who drew Vesalius’ attention
to this Latin verse, but it may have been the befriended Occo family from

Augsburg [18].
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in the sects of the teachers but burning with zeal to learn and know about the works of Na-
ture, will undertake with their own hands to examine and bring ever more strictly to the test
the knowledge that has been handed down to them concerning man and the other animals”
(p. 163-164) [10]. Therefore, he urged “students of medicine by every means at my com-
mand to undertake dissections with their own hands” (quote on p. lvi) [11]. During his
anatomical demonstrations, Vesalius reportedly did so: “all this, he said, each one of
you, Domini, can see. Buy yourself a larynx of an ox and you will see it al” (quote on p.
287) [12]. Likewise, at the closure of his De Fabrica he noted that “all that remains for
me to do here is to urge students who have not attended my dissections in the last two years to
examine all this with their own eyes (or, as the Greeks say, by autopsy): keeping what I have
said in mind, they should carefully compare Galen’s description with mine and then examine
the actual fabric of the human body and be less ready in future to trust anatomy textbooks”
(quote on p. 218) [10].

Authority does not accept genius
Genius, and original thought in general, is often met with scepsis or outright rejec-
tion by those considered to be the authorities. Usually, this negative attitude comes
from fear to lose authority and, with that, respect. Vesalius’ De Fabrica, and par-
ticularly his overthrowing Galenic authority, led to fierce criticism. As such, the
clash between the older authoritarian Curtius and the young brazen Vesalius that
was minutely recorded by Heseler (see also chapter 10) [12]. Vesalius’ former teacher
Jacques Sylvius likewise rejected his innovations and his former trainee and colleague
Realdo Colombo turned against him in order to emphasise his own importance (see
also chapter 1). In the preface to De Fabrica, Vesalius remarked that he was “not un-
aware that, because of my age (I am not yet twenty-eight years old), my undertaking will
wield little authority” (quote on p. lvii) [11]. He admitted to be “well aware how upset
the practitioners invariably become nowadays, when they discover in the course of a single
dissection that Galen has departed on two hundred or more occasions from the true descrip-
tion of the harmony, function, and action of the human parts, and how grimly they examine
the dissected portions as they strive with all the zeal at their command to defend him” (quote
on p. liv) [11]. He felt he would “not be safe from the attacks of those who .[..]. will leap
unthinkingly to Galen’s defence with a variety of notions” (quote on p. lvii) [11].
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Additionally, it is clear from the restraint and circumspect style that Vesalius often
used in De Fabrica that he was well aware of his potentially (and even probably) call-
ing the wrath of the Roman Catholic clerical authorities over himself. His work left
Vesalius open to the criticism that he was only describing the anatomical parts and
not learning the cause for that part; that is, he was simply recording his observations
and not revealing the usus-utilitas or knowledge propter quid [1]. In other words,
by not determining the use of, or purpose for, the anatomical part Vesalius was not
determining the final cause. By stopping at this first stage of Aristotelian analysis,
he was also deemphasizing an important point of the Church – revealing the glory of
God’s work through the sheer complexity of the anatomical structure [1]. In the para-
graph ‘On examining the functioning of the brain’ in the very last chapter of De Fabrica
titled ‘Some remarks on vivisection’, furthermore, Vesalius remarked that “in examining
the brain and its parts there is nothing to be gained by vivisection, since here, whether we like
it or not, we are required by the theologians of our own day to deny that dumb animals have
memory, reason or thought, even though the construction of their brain is the same as that
of the human one. Hence the anatomy student who is well versed in dissection of the dead
and not infected by any heresy well understands what a mess I should find myself in if I were
to say anything about vivisection of the brain, much as I should like to do so” (quote on p.
269-270) [13].

All this criticism by the authorities and jealous or sincere colleagues made Vesalius
bitterly remark that “they ought to be grateful to me as the first who has dared to attack
man’s [Galen’s] false opinions, to lay bare the extraordinary frauds of the Greeks, and to
provide our contemporaries with an unusual opportunity for searching out the truth. Such,
however, is not the case, and because of Galen’s authority you will find many who, having
glanced at my efforts only superficially and without investigation of the cadaver, still maintain
what Galen wrote is wholly correct” (quote on p. 218) [6].

In frustration and depression, he burned his notes on the preparation of medicines,
his paraphrases on Rhazes’ ten books and the notes he had inscribed over the years
in the margins of his copies of Galen’s printed books, in 1544. He had just obtained
the high profile appointment as physician to Emperor Charles V and felt “quite happy
that no desire to publish .[..]. is likely to come over me .[..]. since I could easily predict how
hostile [this] would have made everyone to me” (quote on p. 229) [7, 14]. Rather, Vesalius
prevented further intellectual abuse by contemporary authorities he disparagingly
referred to as “medical Rabbis” (quote on p. li) [11]. His friends had tried to dissuade
him from this rash course that he later came to regret, at least as far as his non-Galenic
notes were concerned (p. 229) [7, 14].

The risk of genius to become an authoritarian
Vesalius had urged “that no one should accept what this book or any other says, however
much it has been approved by age or authority” (quote on p. 373) [9], In the Chyna root
Letter he, even, “spurred” his critics “to the study of truth” by dissecting the relevant
anatomy and to, thereby, counter his opinions on Galen by warning him “if I have
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not made sufficient observations” (quote on p. 51) [7]. As the years passed after the
publication of De Fabrica, however, Vesalius behaved more and more like an author-
itarian himself. As such, he denied and ridiculed the corrections of his work and the
innovative anatomical observations that others presented. For example, in the 1555
edition of his De Fabrica, Vesalius contradicted the observations on venous valves
that Giovanni Battista Canano (1515–1578) shared with him in 1545 (see also chap-
ter 2) [15-17]. In doing so, Vesalius missed the opportunity to have discovered the
vascular circulatory system, some 80 years before William Harvey (1578-1657) did.
His few additional writings become more polemic and personal over these years. It
seems that Vesalius, having reached the position of authority, indeed felt threatened
to lose that authority himself.

Still, Vesalius’ genius has been instrumental in breaking with two millenniums of
dominance of Aristotelean theory and 1350 years of dominance of Galenist dogmas
of human anatomy and physiology. Further research of the text of De Fabrica would
very likely discover even more innovations than those presented in this thesis. On
the shoulder of this giant, generations after Vesalius have been able to see further.
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Summary

In this thesis, some anatomical and physiological aspects of Andreas Vesalius ma-
jor work De Humani Corporis Fabrica Libri Septem (De Fabrica), are presented and dis-
cussed. These aspects were revolutionary in his time and through his dissections and
publications, Vesalius initiated the end of more than 13 centuries of Galen’s influ-
ence on anatomical and physiological knowledge. To commemorate Vesalius 500th
birthday, some of his innovations are presented.

In chapter one, we present a short overview of the anatomy and physiology in Vesal-
ius’ era, of his life and of his masterpiece De Fabrica.

In chapter two, we describe Vesalius to have recognized all currently distinguished
muscles of the hand and forearm, except the palmaris brevis muscle, as well as the
occasional absence of two muscles of the forearm. Generally, he limited the origin
and insertion to bones, largely disregarding attachments to membranes and fascia.
Functionally, he recorded the muscles as having a single vector and operating on
only one joint. We conclude that Vesalius was nearly completely correct about the
anatomy of the muscles of the forearm but much less accurate about their function.

While Realdo Colombo from Cremona, Italy has, to date, been acknowledged to be
the first to describe the possible absence of the palmaris longus muscle in men in
1559, we found this absence to be recorded by Vesalius in 1543. In chapter three, we
quote and discuss this earlier record. It remains unknown whether the observation
on the absence of the palmaris longus was first done by Vesalius or was based on
joined work by Vesalius and Colombo.

In chapter four we describe that Vesalius recognized all currently seventeen distin-
guished shoulder muscles except the teres minor muscle. Again, he generally disre-
garded attachments to membranes and fascia. Consequently, his record of origo or
insertion was incomplete in six muscles. As a result of his recording the muscles as
having a single vector and operating on one joint only, he failed to recognize addi-
tional functions of fourteen of the seventeen muscles.

The supraspinatus, subscapularis, infraspinatus and teres minor muscles and their
tendons, are currently appointed as stabilizers of the shoulder, also known as the ro-
tator cuff. To date, the first description of the rotator cuff remained unidentified. In
chapter five, we describe how Vesalius recognized the need of structures that pre-
vent dislocation of the shoulder inherent to the morphology of the humeral caput
and scapular socket. He recorded “three strong ligaments” and the “three muscles that
rotate the arm” of which the tendons completely “embrace the ligaments of the joint” as
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such structures. Even though he distinguished three rather than four scapulohumeral
muscles, Vesalius defined the rotator cuff concept avant la lettre.

In chapter six, a short history of the thoroughly studied superficial fascial system
(SFS) and superficial musculo-aponeurotic system (SMAS) is presented. Both struc-
tures are relevant in liposuction and rhytidectomies. Although it is well known that
the SMAS concept was introduced by Tessier in 1974, it remains unknown who first
properly described the stratum membranosum of the SFS. We found ample reference
to both structures as the membrana carnosa (or fleshy membrane) in Vesalius’ works and
concluded that Vesalius recognized the extension, nature, and functions of the stra-
tum membranosum of the SFS, as well as its more musculous differentiation as the
SMAS in the head and neck area, and the dartos in the perineo-genital area. In doing
so, Vesalius recorded most details of the SFS and SMAS concepts avant la lettre.

Sir Astley Paston Cooper has, to date, been acknowledged to be the first to describe
the suspensory ligaments of the breast, or Cooper’s ligaments, in 1840. In chapter
seven, an earlier record of these ligaments by Vesalius is set forth. His record of
the nature and function of the fleshy membrane between mammary gland and pec-
toral muscle, the hard fat intervening the mammary glands, and the fibers running
from the fleshy membrane to the skin are a clear representation of the posterior layer
of the superficial fascial system, the fibro-adipose stroma surrounding and linking
the mammary glandular elements, and the suspensory ligaments as we know them.
Therefore, Vesalius recorded the anatomy and function of the latter structures nearly
300 years before Sir Astley Paston Cooper did.

The historical evolution of understanding of the mechanical aspects of respiration is
not well recorded. In chapter eight, we describe that Vesalius first recorded many
of these mechanics in De Fabrica. We found that Vesalius grasped the essentials of
tidal and forced respiration. He recognized that atmospheric pressure carried air
into the lungs, approximately 100 years before Borelli did. He described an in vivo
experiment of breathing, some 120 years before John Mayow produced his artificial
model. He reported on positive pressure ventilation through a tracheotomy and its
life-saving effect, some 100 years before Robert Hooke did. In publicly recording his
insights over 450 years ago, Vesalius laid a firm basis for our understanding of the
physiology of respiration and the management of its disorders.

Voice production relies on the integrated functioning of a three-part system: respi-
ration, phonation and resonance, and articulation. In chapter nine, Vesalius’ under-
standing of this integral system is presented. We found that Vesalius recognized the
importance for voice production of many details of the respiratory system, the voice
box, and various structures of resonance and articulation. He stressed that voice pro-
duction was a cerebral function and extensively recorded the innervation of the voice
producing organs by the cranial nerves. We conclude that Vesalius was the first to
publicly record the concept of voice production as an integrated and cerebrally di-
rected function of respiration, phonation and resonance, and articulation. In doing
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so nearly 500 years ago, he laid a firm basis for the understanding of the physiology
of voice production and speech and its management as we know it today.

The influence of Vesalius’ role in the acceptance of the concept of animal cognition is
presented in chapter ten. Until well in the 19th century, the Aristotelian concept of
scala naturae (ladder of nature) was the most common biological theory among Western
scientists. It dictated that, of all earthly creatures, only humans possessed a rational
soul that provided the ability to reason and reflect. Michel Eyquem de Montaigne
(1533-1592) was the first philosopher influential enough to lastingly posit that ani-
mals are fully cognitive creatures. This view stirred a fierce controversy, with René
Descartes (1592-1566) leading among his many adversaries. Only after it became ac-
cepted that animals and humans alike have cognitive abilities, did the research on the
influence of conscious awareness and intention on the behavior of an animal become
possible, in the 20th century.

We found Vesalius to have already rejected the Aristotelian view on the lack of the
rational soul in animals in 1543. His observation “that there is a difference in size accord-
ing to the amount of reason that they seem to possess: man’s brain is the largest, followed by
the ape’s, the dog’s, and so on, corresponding to the amount of rational force that we deduce
each animal to have” resonated some 330 years later when Darwin concluded that “the
difference in mind between man and the higher animals, great as it is, certainly is one of de-
gree and not of kind.” Vesalius’ observation that his “dissections reveal that animals have
the same number of ventricles as humans; and not only is the number the same but they are
alike in every other respect as well except size and the integrity and accuracy of their temper-
ament” resonated in Frans de Waal’s summary of the 2012 Cambridge declaration on
animal consciousness “that given the similarities in behavior and nervous systems between
humans and other large-brained species, there is no reason to cling to the notion that only hu-
mans are conscious” of all earthly creatures. Because de Montaigne and Descartes were
well aware of Vesalius’ work, we conclude that Vesalius was instrumental in breaking
with two millenniums of dominance of the concept of lack of animal cognition.

In chapter eleven we present his links to the, then fairly new, game of tennis. Vesalius
compared the human diaphragm to a tennis racket in De Fabrica, while such rackets
originated only some 40 years before among the European nobility. We set out to try
and explain how such an early mentioning found its way in a principally anatomi-
cal treatise by study of Vesalius’ original Latin text and the earliest known references
to the tennis racket, and found that Vesalius had many opportunities to be well in-
formed on the details of the tennis rackets of his era through his family history, his
cultural background, and his traveling and studying around Europe. Hence, we con-
clude that Vesalius may well have used the comparison knowing that it would appeal
to his students, all of whom were likely to be familiar with the very popular game of
tennis.

In chapter twelve, the general role that Vesalius’ character played in the history of
anatomy is discussed.
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Samenvatting

In deze thesis worden verschillende anatomische en fysiologische aspecten van An-
dreas Vesalius’ De Humani Corporis Fabrica Libri Septem (De Fabrica) uit 1543, gepre-
senteerd en besproken. Deze aspecten waren revolutionair in zijn tijd en door zijn
dissecties en publicaties initieerde Vesalius het eind van meer dan 13 eeuwen aan in-
vloed van de Galenische leer op anatomische en fysiologische kennis. Om zijn 500e
geboortedag te memoreren, wordt in deze thesis een uiteenzetting van sommige van
zijn innovaties gepresenteerd.

In hoofdstuk een wordt een kort overzicht geboden van de anatomie en fysiologie
ten tijde van Vesalius en van Vesalius’ levensloop en zijn meesterwerk De Fabrica.

In hoofdstuk twee wordt beschreven dat Vesalius alle spieren van de hand en on-
derarm herkende zoals we deze kennen in de huidige anatomische leer. Slechts de
palmaris brevis spier miste hij. Hiernaast benoemde hij de incidentele afwezigheid
van twee spieren in de onderarm. In het algemeen beperkte hij de aanhechtingen van
spieren tot de botten en erkende hij aanhechtingen aan membraneuze structuren niet
als zodanig. Functioneel gezien beschreef hij slechts één enkele krachts-vector voor
elke spier en één gewricht dat door de spier wordt bewogen. We concluderen dat
Vesalius de hand- en onderarmspieren bijna compleet beschreven heeft, maar qua
functie minder accuraat was omdat zijn onderzoek in vitro was.

Één van de spieren die afwezig kan zijn in de onderarm, is de palmaris longus spier.
In hoofdstuk drie wordt aangetoond dat Matteo Realdo Colombo niet de eerste
was die de incidentele afwezigheid van deze spier beschreef. Vesalius publiceerde
daarover, 16 jaar voordat Colombo dat deed.

Naast de spieren van de hand en onderarm, beschreef Vesalius ook de spieren van
de schouder nagenoeg compleet, zoals in hoofdstuk vier uiteen wordt gezet. Weer
negeerde hij de spieraanhechtingen aan membraneuze structuren en beperkte de
functies van de spieren tot één vector over één enkel gewricht.

In de huidige anatomie worden de supraspinatus, subscapularis, infraspinatus, and
teres minor spieren tezamen met hun pezen beschouwd als stabilisatoren van het
schoudergewricht, ook wel bekend als de rotator cuff. In hoofdstuk vijf wordt beschr-
even dat Vesalius drie in plaats van vier scapulohumerale spieren onderscheidde.
Gezien de morfologie van de humeruskop en de scapulakom, besefte Vesalius de
noodzaak van een structuur die dislocatie van de schouder voorkomt. Hij benoemde
“drie sterke ligamenten” en de “drie spieren die de arm roteren” waarvan de pezen in zijn
geheel “de ligamenten van het gewricht omarmen” als deze structuur. Daarmee gaf hij
het rotator cuff concept avant la lettre weer.
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In hoofdstuk zes wordt een kort overzicht van de concepten van het superficial fas-
cial system (SFS) en het superficial musculo-aponeurotic system (SMAS) gepresen-
teerd. Beide zijn uitvoerig bestudeerd gezien hun relevantie bij (plastisch) chirurgis-
che ingrepen. Alhoewel het SMAS concept is geïntroduceerd door Tessier in 1974,
is het onbekend wie de eerste adequate omschrijving van de stratum membranosum
van de SFS heeft beschreven. In Vesalius’ werk vonden we duidelijke referenties naar
deze structuren als de membrana carnosa waaruit we concludeerden dat Vesalius de
aard en functie van de stratum membranosum van de SFS, zowel als de voortzetting
hiervan in het hoofd-hals gebied, de SMAS, en de tunica dartos in het perineo-genitale
gebied herkende. Hiermee heeft Vesalius de SFS en SMAS concepten avant la lettre
beschreven.

Aansluitend wordt in hoofdstuk zeven uiteen gezet dat eerder dan door Sir Ast-
ley Paston Cooper in 1840, een beschrijving van de suspensoire ligamenten van de
mammae door Vesalius verscheen, in 1543. Zijn descriptie van de aard en functie
van de membrana carnosa tussen de glandulae mammae en de pectoralis major spier,
en de structuren die de membrana carnosa en de huid met elkaar verbinden geven een
duidelijke representatie van de diepere laag van de SFS en de suspensoire ligamenten
zelf weer. Vesalius zette hiermee de anatomie en functie van deze structuren ver vóór
Cooper uiteen.

In hoofdstuk acht worden de mechanische aspecten van de ademhaling gepresen-
teerd die door Vesalius benoemd werden. Vesalius begreep de essentie van, en het
verschil tussen, natuurlijke en geforceerde ademhaling. Hij impliceerde dat atmo-
spherische druk zorgt voor instroom van lucht in de longen, zo’n 100 jaar voor-
dat Borelli dit beschreef. Hij voerde een in vivo experiment uit van de ademhaling,
zo’n 120 jaar voordat John Mayow dit deed in een kunstmatig model. Hij beschreef
de werking en levensreddende functie van positieve druk beademing via een tra-
cheotomie, zo’n 100 jaar voordat Robert Hooke dat deed. Hiermee heeft Vesalius een
basis gelegd voor de begripvorming van de fysiologie van de ademhaling.

In hoofdstuk negen wordt Vesalius’ begrip beschreven van de productie van de stem
als een geïntegreerde samenwerking van drie functies: respiratie, phonatie en artic-
ulatie. Vesalius herkende dat stemproductie ontstaat door verschillende onderdelen
van het respiratoire systeem, de larynx en meerdere structuren die resonantie en ar-
ticulatie bewerkstelligen. Hij benadrukte dat stemproductie een cerebrale functie is
en onderbouwde dit door de innervatie van de stemproducerende organen door de
hersenzenuwen uiteen te zetten. Dit maakt hem de eerste die het concept van stem-
productie als een geïntegreerde en door het brein aangestuurde functie van respiratie,
phonatie en articulatie beschreef. Hij heeft hiermee een solide basis gelegd voor het
begrip van de fysiologie van stemproductie en spraak.

Vesalius’ invloed op de acceptatie van dierlijke cognitie wordt beschouwd in hoofd-
stuk tien. Tot in de 19e eeuw was het Aristoteliaanse concept van scala naturae
de meest geaccepteerde biologische theorie onder Westerse wetenschappers. Hierin
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werd aangenomen dat alléén de mens een rationale ziel bevat, die zorgt voor de mo-
gelijkheid van redeneren en reflecteren. Michel Eyquem de Montaigne (1533-1592)
was de eerste filosoof die doorbrak met het idee dat ook dieren cognitieve wezens
zijn. Hierdoor ontstond een hevige controverse met René Descartes (1592-1566) en
zijn volgelingen. Pas toen het idee postvatte dat ook dieren cognitieve gaven bezit-
ten, werd onderzoek mogelijk naar de invloed van bewustwording, besef en intenties
bij het gedrag van dieren, in de 20e eeuw. In 1543 observeerde Vesalius “that there is a
difference in size according to the amount of reason that they seem to possess: man’s brain is
the largest, followed by the ape’s, the dog’s, and so on, corresponding to the amount of rational
force that we deduce each animal to have”, waarmee hij de Aristoteliaanse kijk op het ge-
brek aan een rationale ziel bij dieren verwierp. Zijn uitspraak lijkt erg op de conclusie
dat “the difference in mind between man and the higher animals, great as it is, certainly is
one of degree and not of kind,” waartoe Darwin 330 jaar later kwam. Omdat zowel de
Montaigne als Descartes weet hadden van Vesalius’ werk, concluderen we dat Vesal-
ius een voortrekker was bij de verwerping van twee millennia aan gedachtengoed
over het gebrek aan dierlijke cognitie.

In hoofdstuk elf wordt Vesalius’ referentie naar het, destijds vrij nieuwe, tennisspel
belicht. Hij vergeleek het menselijke diagfragma met een tennis racket in De Fabrica,
terwijl deze rackets slechts sinds zo’n 40 jaar gemaakt werden voor de Europese elite.
Vesalius blijkt verschillende kansen gehad te hebben om goed geïnformeerd te raken
over de details van tennis rackets door zijn familiegeschiedenis, zijn culturele achter-
grond en zijn reizen door Europa. We concluderen dat Vesalius deze vergelijking in
De Fabrica gebruikt heeft ten behoeve van zijn studenten, die bekend waren met het
inmiddels populaire tennisspel.

In hoofdstuk twaalf wordt dit manuscript afgesloten met een uiteenzetting van de
rol die het karakter van Andreas Vesalius heeft gespeeld in de geschiedenis van
anatomie en fysiologie.
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Dankwoord

Na vier jaar jongleren tussen coschappen, dissecteren en doceren, het zijn van arts-
assistent en promoveren is het zover. Mijn proefschrift ligt er. ‘Niet lullen maar
poetsen’ is de beste raadgever geweest gedurende de afgelopen jaren. Hard werken,
maar ook de steun van velen heeft dit proefschrift tot een eind gebracht. Iedereen die
op enige wijze heeft bijgedragen aan het voltooien van dit proefschrift wil ik graag
bedanken. Een aantal van hen in het bijzonder.

Mijn hooggeleerde promotores,

Geachte prof. dr. C.M.A.M. van der Horst, het betekent veel voor mij dat u, als
rolmodel in de plastische chirurgie, mijn promotor wilt zijn. Niet alleen de wijze
waarop u uw vak met passie uitvoert, maar ook de manier waarop u zich als persoon
presenteert, is voor mij enorm inspirerend. U weet van de nood een deugd te maken,
bijvoorbeeld door van een educatief bezoek aan de bibliotheek een informeel samen-
zijn te maken. Ik dank u dat ik onder uw leiding mag promoveren, waarmee u mij
een springplank biedt voor mijn verdere carrière.

Geachte prof. dr. R.J. Oostra, beste Roelof-Jan. Met jouw tomeloze enthousiasme
wat betreft anatomie en embryologie weet je velen aan te steken, zo maak je van het
limbisch systeem met alle eenvoud iets magisch, daar waar ‘alle chille dingen zich
afspelen’. Niet alleen op snijzaal maar ook in de Epsteinbar weet je iedereen te boeien.
Jouw rol in onze relatie is uitgegroeid van docent naar werkgever en uiteindelijk
promotor, waar je je ontpopte als ware chaperon. Ik ben dan ook vereerd dat ik me
jouw eerste promovenda mag noemen. Bedankt voor alles wat je me geleerd hebt
gedurende onze samenwerking.

Mijn copromotor, dr. J.J. Hage. Waarde Joris, het begon allemaal in de wasruimte
bij de operatiekamers van het AvL met: ‘Waor kóomde gij vandaon?’ Vanaf toen
was het duidelijk dat we dezelfde, schône taal spreken; Brabants. Vanaaf dè moment
akkerdeerde ut gelèèk. Gij hèd mèn geleerd om te snijje, knèupe en omt wir dicht
te naoje. Ni allèèn dè, ok hè’n we saome ‘ne hoop leut gehad, vurhaolen geschréve
en stônde gij aaltej klaor meej wèzze raod, ok al ha’k ut wirrus begaojd mee ‘teen of
‘taander. Ast efkes ni op röllekes liep, dan zeede gij ‘Tis sund medje, mar ge wittût:
Onward and upward!’ As we ‘ne onderzuuksdag ha’n, dan ging d’n tweespraok op
d’n email verrèkes hendig en gaafde gij meepersánt aantwoord. Daor is dees buukske
toch wel un bietje rapper van klaor gekoome war. Ge hed oewèège as ‘ne gaawe
raodgever beweêse, ‘k haj me gin béeterder mentor as gij kunne wense. Ni allèèn dè,
maor ge zèd onderaand ok zowè ‘ne kammeraod geworre. ‘k Hôop dan ok dè we
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nog laang zulle saomewerke. Dè ge bedaankt zèd, dè witte! Zonder gekheid; door,
dankzij en met jou is dit proefschrift tot stand gekomen. Je bent een ware leermeester,
in de wetenschap, plastische chirurgie en op persoonlijk vlak. "Gewoon" is niet goed
genoeg en door het extra schepje van Hage er bovenop haal je het beste in mensen
naar boven. Ik mag van geluk spreken dat jij vanaf het begin nauw betrokken bent
geweest bij dit traject, but it ain’t over ’till it’s over...

Mijn promotiecommissie, bestaande uit prof. dr. T.M. van Gulik, prof. dr. O.P.
Bleker, prof. dr. R.H.G.G. van Hee, prof. dr. K.J. van Zwieten, prof. dr. J.H. Coert,
dr. M.C. Obdeijn en dr. L. de Rooy, wil ik hartelijk bedanken voor het beoordelen
van mijn manuscript. Ik kijk uit naar de discussies tijdens de verdediging.

Mijn paranimfen, Remco J. Molenaar en Kees H. de Jong.

Remco, sinds ons jaar in de studentenraad hebben we een waardevolle vriendschap
opgebouwd. Van vergaderen met de Raad van Bestuur tot spange fissa’s in Allie, je
maakte elke onderneming hoe dan ook interessant. Hoe je jouw loopbaan bewandelt
is bewonderenswaardig, jij lijkt bijna alles voor elkaar te krijgen. Zo heb je je, ondanks
je eigen promotie voor de deur, ontpopt tot een ware grafisch vormgever en ontfermde
je je over mijn boekje. Niet anders dan verwacht, want je hebt me altijd een helpende
hand geboden waar nodig. Rem, mijn maat, op alle mogelijke manieren. We hebben
samen verschillende paden bewandeld, welke daarvan de beste is, zal de tijd ons
leren. Één ding weet ik zeker; als je er maar bent. Ik houd van je!

Kees, oude rot in het vak. Jij leeft en ademt anatomie. Als eerste was je op de
afdeling en als laatste sloot je de deur, behalve op donderdag, dan trakteerde je in de
Epsteinbar. Het is ontroerend om te zien hoeveel je van doceren en dissecteren houdt,
zelfs na je pensioen ben je je carrièremogelijkheden aan het verbreden, helemaal tot in
China. Van dat huis-gebrouwen bier zal weinig komen, zo ook van die schroothoop
in je achtertuin, vrees ik. Bedankt voor al je jaren aan toewijding. Het leeuwendeel
van de anatomische kennis die ik bezit, heb jij me bijgebracht. Het is dan ook meer
dan logisch en voor mij een eer dat je nu als mijn paranimf aan mijn zijde staat.

Alle chirurgen van het Flevoziekenhuis bedank ik niet zozeer voor hun bijdrage aan
dit proefschrift, maar wel voor mijn leerzame en leuke eerste jaar als arts-assistent.
Jullie hebben een brede basis gelegd voor mijn toekomstige carrière. Ik heb genoten
van de tijd binnen en buiten het ziekenhuis, het laatste voornamelijk door alle arts-
assistenten heelkunde die gedurende dezelfde tijd werkzaam waren. Jongens, we
gaan rechtstreeks door naar de après-ski!

Cardio-thoracaal chirurgen van het VUmc, bedankt dat ik mijn klinische ervaring
aan jullie afdeling mag uitbreiden met handvaardigheid op de operatiekamers, mits
7B/C dat toelaat. Voor het meedenken over mijn promotie in de afrondende fase wil
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ik dr. A.B.A. Vonk en dr. Harmen R. Zandbergen bedanken. Drs. E.K. Jansen, ik
ben vereerd dat mijn boekje de eerste zal zijn die u écht gaat lezen.

Collega-assistenten bij de cardio-thoracale chirurgie, Sas, Schoe, Sel, Konijn, Schreu-
der, Tjon en Lorenzo. Vene rooien, synchrone VAC-wissels of raad-je-plaatje, never
a dull moment met jullie. Onze groepsdynamiek werkt verfrissend en aanstekelijk.
Gelukkig begrijpen jullie hoe belangrijk dit proefschrift voor mij is en wordt het in
ruil voor koffie altijd geaccepteerd als ik tussen de bedrijven door promotiezaken aan
het afhandelen ben, dank jullie wel.

Dames van het kloppende hart van de CTC VU, Ricky, Carla, Bianca, bedankt voor
jullie ondersteuning en luisterend oor. Niet alleen voor de snoeppot kom ik graag bij
jullie langs.

Snijzaalstaf en -assistenten, met en dankzij jullie heb ik heel wat dissecties uit kunnen
voeren, in mijn ogen het mooiste onderwijs van het geneeskunde curriculum en een
breed fundament voor dit proefschrift.

Prof. dr. E.J.Th. Rutgers, beste prof. Uiteindelijk niet bij u, maar wel mede dankzij u
en ook in het AvL gepromoveerd. Bij u is het allemaal begonnen met mijn wetenschap-
pelijke stage, waarmee de liefde voor de wetenschap is opgebloeid. U weet de balans
tussen kliniek en wetenschap uitermate goed te handhaven en heeft mij deze als
zodanig overgedragen, wat resulteerde in veel operatie-uren tijdens onze okselklier-
studie. Alice trekt nu verder de wondere wereld in, ik hoop dat we elkaar in de
toekomst nog zullen treffen.

Olga Klok, lieve Ollie, jij hebt vanaf het begin een ijzersterk vertrouwen in me gehad.
‘Ooit kom jij hier terug als volleerd chirurg’, heb je altijd volgehouden. Laten we het
hopen! Je bent een lieve schat die altijd paraat stond voor een praatje, Volendams
moederlijk advies of een schop onder mijn kont. Als je ooit nog mijn P.A. zou willen
worden, dan beloof ik je dat je jouw geliefde witte stoel terug krijgt.

Mw. van Vuure, beste Vera, zonder jouw hulp was het afronden van de promotie niet
gelukt. Wat betreft praktische zaken ben je me vaak een stap voor, in de communicatie
ben je onmisbaar en meedenken doe je ook zonder moeite. Enorm bedankt.

Plastisch chirurgen van het AvL, beste Leonie, Marieke, Martine en Marije. Al
jaren kom ik op jullie kantoor de rust verstoren en nog steeds staan jullie klaar met
wijsheden en advies. De meters die ik als wetenschappelijke student bij jullie weg heb
mogen hechten, waren de eersten op mijn teller. Jullie zijn stuk voor stuk inspirerende
voorbeelden van hoe het ook kan.
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Dr. van der Steen, beste Lydia. Sorry dat dit proefschrift zoveel tijd van je echtgenoot
in beslag heeft genomen. Gelukkig weet jij ook wat het maken van een proefschrift
met zich meebrengt. Op 29 september krijg je hem weer helemaal terug!

Dr. de Boo, Died, mijn favoriete tutor. Jouw promotie was de eerste die ik ooit
bijwoonde. ‘Ooit ga jij ook voor de bijl’ zei je stellig. De aanblik van jou in pinguïn-pak
heeft me over de streep getrokken, met dit boekje als resultaat. Je bent altijd bereikbaar
voor overzeese raad. Hopelijk drink je er down-under een Karmeliet op.

Dr. Francken en dr. Aalbers, beste Anne Brecht en Arend. Jullie lieten mij voor
het eerst steriel aan tafel staan. Voor mij een operatie van één uit duizend, voor jullie
inmiddels een van de duizend. ‘Waarschijnlijk hebben we haar hiermee voorgoed
verpest, nu wil ze natuurlijk nooit meer wat anders dan snijden’ bespraken jullie op
dat moment. Niets is minder waar, bedankt voor de inspiratie die dit proefschrift ten
goede is gekomen.

Lieve vrienden uit Hilvarenbeek, bedankt dat ik bij jullie nog altijd ‘ons Romy’ in
plaats van ‘dokter Romy’ ben. Na negen jaar in Amsterdam vragen jullie gelukkig
nog steeds wanneer ik weer eens een weekend ‘thuis’ ben. Jullie gezelligheid, liefde
en support is hartverwarmend. Een aantal mensen wil ik in het bijzonder noemen:
Tinus, onze paardendokter. De Q7 was een belangrijke strohalm tijdens onze geza-
menlijke tentamenweken, gelukkig hebben we inmiddels wat mooiers uitgezocht.
Steef, duud. Mijn oudste BF, wanneer kom je naar Nederland? Ik mis onze kwajong-
ensstreken! Rooske, hopelijk naaien we later onze buren op wanneer we samen in
een biologische bejaardenboerderij eindigen. Hojan, mantje. Laten we alsjeblieft voor
altijd onze Geel traditie volhouden, ook al gooit het boekje dit jaar roet in het eten.
Carola, bedankt voor je geduld. Ik breng hem weer netjes thuis. Sanne, hopelijk
blijven jij en je twee draakjes nog lang mijn leven opfleuren. Bas, vino is genoeg.
Dexter, waar hang je uit?!

Lieve Amsterdamse vrienden, mede door jullie ben ik de laatste jaren gegroeid tot
wie ik nu ben. Bedankt voor jullie blik op de wereld en nieuwe inzichten. In het
bijzonder: Pom, laten we voor altijd lief en leed delen en het leven over-analyseren.
Ook al ben je regelmatig van de radar, voor mij ben je er te allen tijde, al dan niet
aangevuld met een nuchtere noot van Koen. Djoeke, jouw oneindige optimisme
blijft me verrassen. Dat, samen met jouw neus voor lekkere koffie en taart, komt mijn
gemoedstoestand altijd ten goede. Lies, in hetzelfde schuitje sinds de vissenkom van
het AvL. Onze brainstorm-sessies boven een sauvignon blijven lucratief. Anne, rots
in de branding. Ik weet altijd wat ik aan je heb. Lau E., je ging me voor met jouw
mooie promotie. Ouderkerk, wie is er nu de provinciaal? Lau I., ook al zien we elkaar
niet vaak, de worstenbroodjes-avonden blijven hilarisch. Frankie Dizzle, als jij na je
trouwerij je wetenschappelijke potentie oppakt, kunnen we samen weledelzeergeleerd
de wereld in oproer brengen.
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Robbert, neefje, je bent uitgegroeid van een schattige Mowgli tot een heuse artiest.
Bedankt voor de mooie tekening. Hopelijk vind je na de kunstacademie een vak waar
je liefde voor de kunsten tot zijn recht kan komen.

Oma, dankjewel voor je steun. Het is jammer dat je er op de grote dag waarschijnlijk
zelf niet bij kan zijn, maar ik weet dat er in Beek een kaarsje voor me brandt.

Tot slot, mijn ouders. Lieve pap en mam, jullie hebben altijd in mij geloofd en mij
ondersteund, zo ook met de nodige opbeurende woorden als het niet wilde vlotten
met mijn proefschrift. Mocht ooit de twijfel rijzen of jullie Romy’ke het wel kan rooien
in de grote mensen wereld, bedenk dan dat ze een proefschrift heeft geschreven,
misschien dat de rest dan ook wel lukt. Bedankt voor jullie liefde, steun en toeverlaat.
Ik houd van jullie!
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