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Chapter 4

Vesalius on the shoulder
muscles

Chapter based on article
Andreas Vesalius (1515-1564) on the shoulder girdle muscles
Brinkman R.J., Hage J.J.
Int J Shoulder Surg (in print)
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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, Vesalius 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 inner 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 currently 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 Vesalius’ works in case no mention at all was found in Vesalius’ texts of any of the currently 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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F IGURE 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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F IGURE 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 muscles 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 muscle (Table 4.1).
Origin and insertion of the shoulder muscles
Most of Vesalius’ descriptions of the origins and insertions of the muscles are in accordance 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 remarked 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 direction of fibers with the infraspinatus muscle may well explain that he failed to recognize 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 separate 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 coracobrachialis 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”, ignoring 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 disregarded 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: (C ONTINUED ).

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 minor), 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 morphology 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 recognize 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 muscles 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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