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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, considering 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 Emperor 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 Vesalius 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 currently recognize. Second, the muscle origins and insertions as observed by Vesalius
were compared to those currently accepted. Third, the functions attributed by Vesalius to each muscle were compared to those currently understood. Where a muscle
was not obviously noted by Vesalius we compared our categorizations and the annotated 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 attachments 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 understanding 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 (Tables 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 muscles 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: (C ONTINUED ).

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 dissections 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. Consequently, 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 magnum De Fabrica and its summary the Epitome, in 1543.
From 1544 until the abdication of Charles V in 1555, Vesalius worked as medicus familiaris 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 become 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 Examen (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 human 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
21
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F IGURE 2.1: Detail of one of the famous “muscle men” in Vesalius’ De Fabrica (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
I

Inner tubercle of humerus
The lower part of the fourth
carpal bone (pisiforme)

Origin of the ulnar head
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 extensive 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 muscle 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 insert 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 common 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,
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TABLE 2.3: Parts of the origin or insertion of the hand 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

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

I

Base of thumb metacarpal

Extensor pollicis longus
tendon and both sesamoids

O

Proximal thumb phalanx

I

Middle finger metacarpal

Metacarpals of thumb and
index finger
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: (C ONTINUED ).

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)
No. 22 moving the
fingers (abductor
pollicis longus)

I

The whole length of the
thumb

Base of distal phalanx of the
thumb only

O
I

Ulna
Lateral side of the
trapezium

Posterior aspect of radius
Base of the thumb
metacarpal

O

Ulna

I

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

Radius and interosseous
membrane
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

No. 23 moving the
fingers (extensor
pollicis brevis)

*Abbreviation: O/I, origin or insertion.
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F IGURE 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)
No. 4 moving the wrist
(extensor carpi radialis
longus et brevis)

Flexes and radial abducts
the hand

Pronation

Extends the wrist and
abducts to the radial side

Longus : elbow flexion; proand 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 muscular 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 (=carpometacarpal joint)

Indirectly: opposition of the
thumb

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

Flexes the first internode of
the thumb (=carpometacarpal 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: (C ONTINUED ).

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.
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.
Abducting and extending
of the thumb when
operating solely

Supination of forearm

Lateral rotation of the
thumb
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 investigate 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 extensors 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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