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XII

Even most of us (the authors of this book) had to study 
anatomy for the fi rst ti me and pass our fi rst year of med-
ical school just a few years ago. Just like the vast majority 
of medical students, we too wished to own a big book of 
anatomy of our own. We wanted to take pride in its com-
plexity, size, and infi nity in front of every person we knew. 
We felt so proud that we were medical students that we 
bought three volumes of an anatomy textbook from one 
author, several other books by other authors, with two 
more color atlases on top of that. We had more books 
from one fi eld than from any other subject alto-
gether and a beauti ful (but naive) idea we 
would once know it all. Do you recognize 
that feeling? The excitement that you will 
be able to know in detail the origins and 
inserti ons of 300 muscles, the passages 
of the fourteen branches of the maxillary 
artery, or all the nuclei, tracts, and circuits 
in the brain? An amazing image! Amazing 
unti l you realize what we all know, but are 
unwilling to admit: the fact that our mem-
ory has a limited capacity and chooses only 
the informati on our brain evaluates as im-
portant. However, this is oft en not necessar-
ily the informati on that is truly important.
There was relati vely enough ti me for study-
ing at the beginning and we devoured important infor-
mati on along with the less important. As the fi nal exam 
was approaching, so was the schoolwork volume expo-
nenti ally growing, and the ti me was growing less and 
less. It became necessary to disti nguish the importance 
of informati on, adjust one’s system, and study eff ec-
ti vely. Our large textbooks didn’t suit us anymore and we 
were looking for something more clear and concise. We 
were seeking tables, schemes, structured text, and sim-
ple images. But we just could not fi nd a book that would 
meet our needs.
One of the editors of this book, Radovan Hudák, had 
thought already during his study of medicine that he 
could initi ate the creati on of such book as a student. 
He contacted an experienced anatomist, associate pro-
fessor David Kachlík, M.D., with a questi on whether he 
wanted to collaborate on the creati on of a comprehen-
sive, yet easy-to-understand anatomy book. He thought 
it over and agreed. This initi ated the creati on of Memorix 
Anatomie (the Czech forerunner of this book), which was 
in the spirit of Albert Einstein’s “Everything should be 
made as simple as possible – but not simpler.”

Before we started to build a team of authors, we asked ourselves a questi -
on, „Who is this textbook intended for? For students, anatomists, or per-
haps clinicians?“ We came to the conclusion that it was for all. Where a 
quality textbook should arise, it was necessary to have a collaborati on not 
only with anatomists who would guarantee quality anatomical content 
of the book, students who would ensure its comprehensibility, but also 
physicians who would add clinically important informati on. Thus, more 
than half of the team of authors has been formed by students who have 
already spent several years teaching anatomy to younger students from 
the positi on of student tutors. The second part of the team consisted of 
anatomists and clinicians, who also signifi cantly engaged themselves in 

anatomy. Even our three illustrators have come from medical school, 
so they knew very well what kind of pictures are best 
understood by students. The work of the Memorix team 
was also contributed to by a large number of reviews by 
dozens of other anatomists, students, and physicians.
The creati on of this book cost us thousands of hours of 

hard work, but aft er 1.5 years we managed to fi nish it 
and get it to the students. On a mere 600 pages, we have 

managed to summarize the most important anatomical infor-
mati on, which we have supplemented with more than 1,500 

graphically uniform pictures. The text and images are mutually 
supporti ve in order to signifi cantly accelerate the understanding 
of anatomical structures. Less important and interesti ng infor-
mati on were, together with clinical notes, set aside the main 

content and placed in the middle column of each double 
page.
The sorti ng of the chapters, structured text, and large number of pictures 
has made Memorix Anatomie a clear, systemati c, and concise textbook 
designed for the eff ecti ve learning and rapid reviewing of anatomy.
Aft er the success in the Czech and Slovak Republic, one of the co-authors of 
the Czech version, Ondřej Volný, couldn’t resist and immediately initi ated 
the creati on of an English version. Again, the work involved a large number 
of students, anatomists, and clinicians, only this ti me, from around the 
world. Apart from the aforementi oned features of the book, the Memorix 
book will be helpful to many students by having all the structures descri-
bed with English and Lati n terms right next to each other.
With the Memorix Anatomy book, we want to contribute to a bett er under-
standing of anatomy among students. We don’t want them to see learning 
anatomy as necessary evil, but actually the other way around – to learn it 
with aff ecti on. We would also like to moti vate all students not to be afraid 
to address teachers with their ideas for improving teaching. They will cer-
tainly appreciate it. And if not, contact us (anatomy@memorix.cz), because 
we will gladly hear out your thoughts and opinions. Who knows, we may 
create another useful study material together.

On behalf of the Memorix team
Radovan Hudák, David Kachlík, Ondřej Volný

Prague, Czech Republic, August 20, 2015

Foreword or Why is Memorix Anatomy revoluti onary?

„Anatomy, albeit it is feminine, has its own charm and logic,“ said one professor of anatomy a long ti me ago. Although 
anatomy is as old as humanity itself, its charm is immortal and its logic sti ll maintained. Owing to these characteristi cs, 
anatomy belongs among favorite subjects, which students look forward to learning long before starti ng their university 
studies. However, a great deal of specialized terms and informati on takes oft en smiles off  students’ faces during their 
fi rst week of school. Students usually don’t give up and become devoted to studying, but the more they learn, the more 
they forget. They learn joints, but forget bones. When they manage to know the digesti ve system by heart, they in turn 
push out the muscles of the whole body. Forgetti  ng things once learned brings them feelings of hopelessness and doubt 
whether they have what it takes to study medicine at all. The problem, though, is oft en not the amount of informati on, 
but rather their way of learning and reviewing. There are many thousand-page anatomy textbooks on the market com-
prising the immensity of anatomy, but there is just a few of those that would provide informati on in a concise, clear, and 
understandable form. And that is why Memorix Anatomy was created.

Dissati sfacti on as a reason for change The base of success lies in cooperati on

Albert Einstein
42 43

Bones 2
The bones of the upper limb are divided into two groups: the shoulder girdle and the 
free part of the upper limb.

The clavicle is a S-shaped bone with a medial convexity pointing ventrally. It articulates 
with the scapula and the sternum and is part of the pectoral girdle. It is the first bone 
to ossifiy, which it does by both intramembranous and endochondral ossification.

Bones of the upper limb – Ossa membri superioris5

Clavicle – Clavicula5.1

1 Pectoral girdle (cingulum pectorale) – shoulder girdle
 • 1.1 Clavicle (clavicula) - collar bone
 • 1.2 Scapula – shoulder blade
2 Free part of the upper limb
 (pars libera membri superioris)
 • 2.1 Humerus
 • 2.2 Ulna – elbow bone
 • 2.3 Radius – radial bone
 • 2.4 Bones of hand (ossa manus)
     2.4.1 Carpal bones (ossa carpi) – wrist bones
     2.4.2 Metacarpals (ossa metacarpi)
        – bones of the palm
     2.4.3 Phalanges – bones of the fingers

• 1 Sternal end (extremitas sternalis)
   – the attachment of the anterior and posterior sternoclavicular ligaments 
    and the interclavicular ligament
   – the origin of the sternohyoid and clavicular part of the sternocleidomastoid
   • 1.1 Sternal facet (facies articularis sternalis) 
       – articulates with the manubrium of the sternum
   • 1.2 Impression for the costoclavicular ligament (impressio ligamenti costoclavicularis) 
       – the attachment of the costoclavicular ligament, 
        which connects the clavicle to the cartilage of the 1st rib
• 2 Body of the clavicle (corpus claviculae) – the shaft of the clavicle
   – the origin of the clavicular part of pectoralis major 
   • 2.1 Subclavian groove (sulcus musculi subclavii) 
       – a shallow groove on the caudal surface of the shaft for the insertion of the subclavius
• 3 Acromial end (extremitas acromialis)– the origin of the clavicular part of the deltoid 
    and the insertion of the descending part of the trapezius
   • 3.1 Acromial facet (facies articularis acromialis) – articulates with the acromion
     3.2 Coracoclavicular tuberosity – a large bony protuberance
       – has two parts: the conoid tubercle and trapezoid line
       • 3.2.1 Conoid tubercle (tuberculum conoideum)
            – 
       • 3.2.2 Trapezoid line (linea trapezoidea)
            – 
            – 
             

Clinical notes
Fractures of the clavicle are com-
monly associated with fragment 
dislocation. The medial part of the 
clavicle tends to be pulled cranially 
by traction of the sternocleidomas-
toid. The lateral part of the clavicle 
can be pulled caudally by traction of 
the coracoclavicular ligament. 

Clavicular injuries are sometimes 
associated with injury of the subcla-
vian artery and/or brachial plexus.

Fractures of the scapula occur very 
rarely and are almost solely a con-
sequence of direct violence or a fall.

The superior angle of the scapula is 
a common area of tenderness found 
by palpation in a physical examina-
tion. The cause of the pain can be 
overload of the levator scapulae. 

A winged scapula is an out of place 
scapula. In medial winging, the 
scapula moves upward and medial-
ly. This can be caused by weakening 
of the lower fixators or injury to the 
long thoracic nerve. In lateral wing-
ing, the scapula moves downwards 
and laterally. This can be caused by 
damage to the accessory nerve.

The axis of the glenoid cavity proj-
ects 9° dorsally from the axis of the 
scapula.  It is thus in retroversion 
with respect to the scapula.

The acromion is an anthropometric 
point. Its lateral edge can be used 
for measuring the shoulder-to-
shoulder width and the length of 
the upper limb.

The scapula is connected by mus-
cles to the posterior aspect of the 
thorax. Its position and associated 
muscles influence the posture of 
the head, cervical vertebrae and 
shoulders. Contrarily, the position 
of the scapula is significantly influ-
enced by muscular imbalance of the 
upper and lower scapular fixators 
and the serratus anterior. 

Upper scapular fixators:
1 descending part of the trapezius 
2 Levator scapulae
3 Sternocleidomastoid
4 Scaleni
Lower scapular fixators:
1 transverse and ascending part of 
the trapezius
2 Rhomboids
3 Infraspinatus

Orientation of the clavicle: the ster-
nal end is thicker and the acromial 
end is flat. The superior surface is 
plain. The inferior surface is deco-
rated by bony markings. The medial 
two thirds have a ventral convexity.

1.1

2.1

2.2

2.3

2.4

1.2

1
2 2

3

3

3.2.1

3.2.1

3.2.2

3.1

3.1 2.1 1.2

Superior view of the right clavicle

Inferior view of the right clavicle

The scapula is a flat triangular bone that connected to the posterior aspect of the thorax by muscles at the level of the 2nd 
to 7th rib. It is part of the pectoral girdle and features a large dorsal spine which ends laterally as the acromion.

Scapula – Scapula5.2

1 Surfaces:
   1.1 Costal/anterior surface (facies costalis/anterior) – the ventral surface facing the chest
   1.2 Posterior surface (facies posterior) – is palpable on the skin over the back
2 Borders:
 • 2.1 Medial border (margo medialis) 
     – the insertion of the rhomboids and serratus anterior
 • 2.2 Lateral border (margo lateralis)
     – the origin of teres major and teres minor
 • 2.3 Superior border (margo superior)
     – the origin of the inferior belly of the omohyoid
3 Angles:
 • 3.1 Inferior angle (angulus inferior) – the origin of the teres major
 • 3.2 Superior angle (angulus superior) – the insertion of the levator scapulae
   3.3 Lateral angle (angulus lateralis)
4 Subdivisions of the costal surface:
 • 4.1 Subscapular fossa (fossa subscapularis) 
     – the origin of the subscapularis
5 Subdivisions of the posterior surface:
 • 5.1 Spine of the scapula (spina scapulae)
     – the origin of the spinal part of the deltoid muscle
     – the insertion of the transverse and ascending parts of the trapezius
     • 5.1.1 Deltoid tubercle (tuberculum deltoideum) 
          – is located between the insertion of the trapezius 
           and the origin of the deltoid muscle
 • 5.2 Acromion – the lateral extension of the spine of the scapula
     – the origin of the acromial part of the deltoid muscle
     – the insertion of the descending part of the trapezius
     – the attachment of the coraco-acromial ligament (fornix humeri) 
      and the acromioclavicular ligament
     • 5.2.1 Clavicular facet (facies articularis clavicularis) 
          – articulates with the clavicle
 • 5.3 Supraspinous fossa (fossa supraspinata) – the origin of the supraspinatus
 • 5.4 Infraspinous fossa (fossa infraspinata) – the origin of the infraspinatus
Other parts of the scapula:
•  6 Glenoid cavity (cavitas glenoidalis) 
    – the articular fossa of the shoulder joint
    – is enlarged by a cartilaginous glenoid labrum 
    • 6.1 Supraglenoid tubercle (tuberculum supraglenoidale)
        – is located just above the glenoid cavity
        – the origin of the long head of the biceps brachii
    • 6.2 Infraglenoid tubercle (tuberculum infraglenoidale)
        – located just below the glenoid cavity
        – the origin of the long head of the triceps brachii
•  7 Neck of the scapula (collum scapulae)
    – a narrowed area between the glenoid cavity and the rest of the scapula
    – the attachment of the articular capsule of the shoulder joint
•  8 Coracoid process (processus coracoideus)
    – the origin of the coracobrachialis and the short head of the biceps brachii
    – the insertion of the pectoralis minor
    – the attachment of the coraco-acromial ligament, 
     coracoclavicular ligament and coracohumeral ligament
•  9 Suprascapular notch (incisura scapulae) 
    – a notch on the superior border of the scapula next to the coracoid process
    – covered by the superior transverse scapular ligament
    – the suprascapular nerve runs through the notch under the ligament
    – the suprascapular artery and vein pass over the ligament
• 10  Spinoglenoid notch (incisura spinoglenoidalis) 
    – a notch between the glenoid cavity and the spine of the scapula
    – covered by the inferior transverse scapular ligament
    – transmits the suprascapular nerve and vessels
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Muscles 4

1 Anterior (flexor) group
 1st layer
 • 1.1 Palmaris longus
     (musculus palmaris longus)
 • 1.2 Pronator teres
     (musculus pronator teres)
 • 1.3 Flexor carpi radialis
     (musculus flexor carpi radialis)
 • 1.4 Flexor carpi ulnaris
     (musculus flexor carpi ulnaris)
 2nd layer
 • 1.5 Flexor digitorum superficialis
     (musculus flexor digitorum superficialis)
 3rd layer
 • 1.6 Flexor digitorum profundus
     (musculus flexor digitorum profundus)
 • 1.7 Flexor pollicis longus
     (musculus flexor pollicis longus)
 4th layer
 • 1.8 Pronator quadratus
     (musculus pronator quadratus)

2 Lateral (radial) group
 Superficial layer
 • 2.1 Brachioradialis
     (musculus brachioradialis)
 • 2.2 Extensor carpi radialis longus
     (musculus extensor carpi radialis longus)
 • 2.3 Extensor carpi radialis brevis
     (musculus extensor carpi radialis brevis)
 Deep layer
 • 2.4 Supinator
     (musculus supinator)

3 Posterior (extensor) group
 Superficial layer
 • 3.1 Extensor digitorum
     (musculus extensor digitorum)
 • 3.2 Extensor digiti minimi
     (musculus extensor digiti minimi)
 • 3.3 Extensor carpi ulnaris
     (musculus extensor carpi ulnaris)
 Deep layer
 • 3.4 Abductor pollicis longus
     (musculus abductor pollicis longus)
 • 3.5 Extensor pollicis brevis
     (musculus extensor pollicis brevis)
 • 3.6 Extensor pollicis longus
     (musculus extensor pollicis longus)
 • 3.7 Extensor indicis
     (musculus extensor indicis)

The muscles of the forearm are divided into 3 groups: anterior, lateral and posterior 
groups. They act on the elbow joint, wrist joint and joints of the hand.

Muscles of the forearm – Musculi antebrachii8.3

Clinical notes

The flexors and supinators of the 
forearm are more dominant than 
the extensors and pronators. The 
flexors and supinators may shorten 
during long periods of inactivity, as 
occurs in bedridden patients.

The palmaris longus is a functional-
ly insignificant muscle and is absent 
in 10 % of cases. It can be used for 
tendon grafts.

The common ulnar head (caput 
commune ulnare) is the common 
origin of the first and the second 
layers of the ventral group of the 
forearm muscles.

The flexor carpi radialis courses 
through the carpal canal in its own 
separate section and then through 
a groove on the trapezium. 

Pronator canal, supinator canal, cu-
bital canal see page 575.

Golfer’s elbow is an overuse injury 
of the flexors that originate on the 
medial epicondyle. It can be caused 
by manual labor and is character-
ised by pain over the medial epi-
condyle. 

Tennis elbow is an overuse injury of 
the extensors that originate on the 
lateral epicondyle. It can be caused 
by working on computers for long 
periods of time and is characterised 
by pain over the lateral epicondyle.

The palm and the palmar part of 
the wrist are painful when the pal-
maris longus is overloaded. The 
pain is described as “thousands of 
tiny needles” and it makes it difficult 
to work with tools.

Shortening of the pronator teres 
occurs from working on a computer 
while positioning the mouse in front 
of the body, rather than on the side. 
This position is characterised by in-
ternal rotation of the arm and flex-
ion and pronation of the forearm. 
The shortened pronator teres limits 
the extent of flexion of the forearm 
and makes the extensors of the 
forearm disproportionally long.

The flexor carpi radialis brevis is 
a variable muscle, which, if present 
can compress the anterior interos-
seous nerve.

The pronator, supinator and cu-
bital canals are narrow spaces be-
tween the muscles of the forearm 
through which the median nerve, 
deep branch of the radial nerve and 
ulnar nerve run, respectively. These 
nerves may be compressed in their 
canals, causing nerve entrapment 
syndromes.
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Posterior view of the right and left forearms

– a muscle of the 1st layer
Origin:
• 1 Humeral head (caput humerale): humerus – medial epicondyle
• 2 Ulnar head (caput ulnare): ulna – olecranon and posterior border
I:  pisiform,
  hook of hamate (as the pisohamate ligament),
  base of the 5th metacarpal (as the pisometacarpal ligament)
F: flexion of the forearm,
  ulnar duction and flexion of the hand
N: ulnar nerve (C8–T1)

Muscles of the forearm – anterior group8.3.1

The anterior muscles of the forearm are divided into four layers. They are flexors and pronators of the forearm. These 
muscles are innervated predominantly by the median nerve, although the flexor carpi ulnaris and part of the flexor 
digitorum profundus are innervated by the ulnar nerve. The pronator teres, flexor carpi ulnaris and flexor digitorum 
superficialis each have two heads, through which nerves from the upper arm pass to the forearm. 

Palmaris longus (musculus palmaris longus)

Pronator teres (musculus pronator teres)

Flexor carpi radialis (musculus flexor carpi radialis)

Flexor carpi ulnaris (musculus flexor carpi ulnaris)

– a muscle of the 1st layer
O: humerus – medial epicondyle and antebrachial fascia
I:  palmar aponeurosis,
  flexor retinaculum
F: an accessory flexor of the forearm and hand,
  stretches the palmar aponeurosis
N: median nerve (C8, variably C7–T1)

– a muscle of the 1st layer
Origin:
• 1 Humeral head (caput humerale):
   humerus – medial epicondyle
• 2 Ulnar head (caput ulnare): ulna – coronoid process
I:  radius – pronator tuberosity
F: flexion and pronation of the forearm
N: median nerve (C6–C7)

– a muscle of the 1st layer
O: humerus – medial epicondyle and antebrachial fascia
I:  base of the 2nd and 3rd metacarpal (anterior surface)
F: flexion of the forearm,
  radial duction and flexion of the hand
N: median nerve (C6–C7)
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Anterior view of the right and left forearms
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Anterior view of the right and left forearms

Anterior view of the right and left forearms

Anterior view of the right and left forearms

Anterior view of the right and left forearms
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Steps of the Memorix Educati on System

Memorix Educati on System

Anatomy can be learned very quickly. But it can also be quickly forgott en. To keep the anatomical knowledge in your 
memory, it is necessary to study and repeat systemati cally. That is why we created the Memorix Educati on System with 
specialists in teaching psychology and andragogy (teaching of adults). We decided to use a structured text instead of a 
conti nuous one, as it is considered more effi  cient in the process of studying, memorizing, and reviewing. We separated 
important anatomical informati on described in the main content from the less important, which we put in the middle 
column. Clinical correlati ons have their place in the middle spread, as well. Special emphasis is put on charts and schemes 
serving as a tool for bett er memory consolidati on and revision.

1. Chapter structure
  – schedule your study ti me and plan your study process
  – look through the chapter headings, its divisions and subdivisions
  – study the introducti on windows and
   briefl y look at pictures and schemes

 2. Study the chapter in detail
  – go through the chapter step-by-step
  – reread the main sentences, study the main text
   and pictures carefully and in more detail
  – try to fi nd all the answers to your questi ons
  – highlight all informati on which you consider to be important,
    make notes, redraw pictures and create mind maps

3. Interesti ng things
  – look through the less important but interesti ng
   anatomical informati on in the middle column

4. Clinical notes
  – read the clinical notes and try to understand the
   correlati ons between anatomy and clinical medicine

5. Schemes and charts
  – use the schemes and charts for eff ecti ve revision
   and quick orientati on

6. Review questi ons and fi gures
  – answer all the questi ons
  – describe all the pictures presented in the revision part
  – if you are not able to answer a questi on or describe
   a picture, return to the chapter and try to fi nd it

7. Anatomy presenti ng
  – present the informati on you have learnt to your classmates
  – engage in discussions about the topics
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Bones 2
The bones of the upper limb are divided into two groups: the shoulder girdle and the 
free part of the upper limb.

The clavicle is a S-shaped bone with a medial convexity pointing ventrally. It articulates 
with the scapula and the sternum and is part of the pectoral girdle. It is the first bone 
to ossifiy, which it does by both intramembranous and endochondral ossification.

Bones of the upper limb – Ossa membri superioris5

Clavicle – Clavicula5.1

1 Pectoral girdle (cingulum pectorale) – shoulder girdle
 • 1.1 Clavicle (clavicula) - collar bone
 • 1.2 Scapula – shoulder blade
2 Free part of the upper limb
 (pars libera membri superioris)
 • 2.1 Humerus
 • 2.2 Ulna – elbow bone
 • 2.3 Radius – radial bone
 • 2.4 Bones of hand (ossa manus)
     2.4.1 Carpal bones (ossa carpi) – wrist bones
     2.4.2 Metacarpals (ossa metacarpi)
        – bones of the palm
     2.4.3 Phalanges – bones of the fingers

• 1 Sternal end (extremitas sternalis)
   – the attachment of the anterior and posterior sternoclavicular ligaments 
    and the interclavicular ligament
   – the origin of the sternohyoid and clavicular part of the sternocleidomastoid
   • 1.1 Sternal facet (facies articularis sternalis) 
       – articulates with the manubrium of the sternum
   • 1.2 Impression for the costoclavicular ligament (impressio ligamenti costoclavicularis) 
       – the attachment of the costoclavicular ligament, 
        which connects the clavicle to the cartilage of the 1st rib
• 2 Body of the clavicle (corpus claviculae) – the shaft of the clavicle
   – the origin of the clavicular part of pectoralis major 
   • 2.1 Subclavian groove (sulcus musculi subclavii) 
       – a shallow groove on the caudal surface of the shaft for the insertion of the subclavius
• 3 Acromial end (extremitas acromialis)– the origin of the clavicular part of the deltoid 
    and the insertion of the descending part of the trapezius
   • 3.1 Acromial facet (facies articularis acromialis) – articulates with the acromion
     3.2 Coracoclavicular tuberosity – a large bony protuberance
       – has two parts: the conoid tubercle and trapezoid line
       • 3.2.1 Conoid tubercle (tuberculum conoideum)
            – 
       • 3.2.2 Trapezoid line (linea trapezoidea)
            – 
            – 
             

Clinical notes
Fractures of the clavicle are com-
monly associated with fragment 
dislocation. The medial part of the 
clavicle tends to be pulled cranially 
by traction of the sternocleidomas-
toid. The lateral part of the clavicle 
can be pulled caudally by traction of 
the coracoclavicular ligament. 

Clavicular injuries are sometimes 

The axis of the glenoid cavity proj-
ects 9° dorsally from the axis of the 
scapula.  It is thus in retroversion 
with respect to the scapula.

The acromion is an anthropometric 
point. Its lateral edge can be used 
for measuring the shoulder-to-
shoulder width and the length of 
the upper limb.

The scapula is connected by mus-
cles to the posterior aspect of the 
thorax. Its position and associated 
muscles influence the posture of 
the head, cervical vertebrae and 
shoulders. Contrarily, the position 
of the scapula is significantly influ-
enced by muscular imbalance of the 
upper and lower scapular fixators 
and the serratus anterior. 

Upper scapular fixators:
1 descending part of the trapezius 
2 Levator scapulae
3 Sternocleidomastoid
4 Scaleni
Lower scapular fixators:
1 transverse and ascending part of 
the trapezius
2 Rhomboids
3 Infraspinatus

Orientation of the clavicle: the ster-
nal end is thicker and the acromial 
end is flat. The superior surface is 
plain. The inferior surface is deco-
rated by bony markings. The medial 
two thirds have a ventral convexity.
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Inferior view of the right clavicle

The scapula is a flat triangular bone that connected to the posterior aspect of the thorax by muscles at the level of the 2nd 
to 7th rib. It is part of the pectoral girdle and features a large dorsal spine which ends laterally as the acromion.

Scapula – Scapula5.2

1 Surfaces:
   1.1 Costal/anterior surface (facies costalis/anterior) – the ventral surface facing the chest
   1.2 Posterior surface (facies posterior) – is palpable on the skin over the back
2 Borders:
 • 2.1 Medial border (margo medialis) 
     – the insertion of the rhomboids and serratus anterior
 • 2.2 Lateral border (margo lateralis)
     – the origin of teres major and teres minor
 • 2.3 Superior border (margo superior)
     – the origin of the inferior belly of the omohyoid
3 Angles:
 • 3.1 Inferior angle (angulus inferior) – the origin of the teres major
 • 3.2 Superior angle (angulus superior) – the insertion of the levator scapulae
   3.3 Lateral angle (angulus lateralis)
4 Subdivisions of the costal surface:
 • 4.1 Subscapular fossa (fossa subscapularis) 
     – the origin of the subscapularis
5 Subdivisions of the posterior surface:
 • 5.1 Spine of the scapula (spina scapulae)
     – the origin of the spinal part of the deltoid muscle
     – the insertion of the transverse and ascending parts of the trapezius
     • 5.1.1 Deltoid tubercle (tuberculum deltoideum) 
          – is located between the insertion of the trapezius 
           and the origin of the deltoid muscle
 • 5.2 Acromion – the lateral extension of the spine of the scapula
     – the origin of the acromial part of the deltoid muscle
     – the insertion of the descending part of the trapezius
     – the attachment of the coraco-acromial ligament (fornix humeri) 
      and the acromioclavicular ligament
     • 5.2.1 Clavicular facet (facies articularis clavicularis) 
          – articulates with the clavicle
 • 5.3 Supraspinous fossa (fossa supraspinata) – the origin of the supraspinatus
 • 5.4 Infraspinous fossa (fossa infraspinata) – the origin of the infraspinatus
Other parts of the scapula:
•  6 Glenoid cavity (cavitas glenoidalis) 
    – the articular fossa of the shoulder joint
    – is enlarged by a cartilaginous glenoid labrum 
    • 6.1 Supraglenoid tubercle (tuberculum supraglenoidale)
        – is located just above the glenoid cavity
        – the origin of the long head of the biceps brachii
    • 6.2 Infraglenoid tubercle (tuberculum infraglenoidale)
        – located just below the glenoid cavity
        – the origin of the long head of the triceps brachii
•  7 Neck of the scapula (collum scapulae)
    – a narrowed area between the glenoid cavity and the rest of the scapula
    – the attachment of the articular capsule of the shoulder joint
•  8 Coracoid process (processus coracoideus)
    – the origin of the coracobrachialis and the short head of the biceps brachii
    – the insertion of the pectoralis minor
    – the attachment of the coraco-acromial ligament, 
     coracoclavicular ligament and coracohumeral ligament
•  9 Suprascapular notch (incisura scapulae) 
    – a notch on the superior border of the scapula next to the coracoid process
    – covered by the superior transverse scapular ligament
    – the suprascapular nerve runs through the notch under the ligament
    – the suprascapular artery and vein pass over the ligament
• 10  Spinoglenoid notch (incisura spinoglenoidalis) 
    – a notch between the glenoid cavity and the spine of the scapula
    – covered by the inferior transverse scapular ligament
    – transmits the suprascapular nerve and vessels
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        – the origin of the long head of the triceps brachii
• 7 Neck of the scapula (collum scapulae)
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Muscles 4

1 Anterior (flexor) group
 1st layer
 • 1.1 Palmaris longus
     (musculus palmaris longus)
 • 1.2 Pronator teres
     (musculus pronator teres)
 • 1.3 Flexor carpi radialis
     (musculus flexor carpi radialis)
 • 1.4 Flexor carpi ulnaris
     (musculus flexor carpi ulnaris)
 2nd layer
 • 1.5 Flexor digitorum superficialis
     (musculus flexor digitorum superficialis)
 3rd layer
 • 1.6 Flexor digitorum profundus
     (musculus flexor digitorum profundus)
 • 1.7 Flexor pollicis longus
     (musculus flexor pollicis longus)
 4th layer
 • 1.8 Pronator quadratus
     (musculus pronator quadratus)

2 Lateral (radial) group
 Superficial layer
 • 2.1 Brachioradialis
     (musculus brachioradialis)
 • 2.2 Extensor carpi radialis longus
     (musculus extensor carpi radialis longus)
 • 2.3 Extensor carpi radialis brevis
     (musculus extensor carpi radialis brevis)
 Deep layer
 • 2.4 Supinator
     (musculus supinator)

3 Posterior (extensor) group
 Superficial layer
 • 3.1 Extensor digitorum
     (musculus extensor digitorum)
 • 3.2 Extensor digiti minimi
     (musculus extensor digiti minimi)
 • 3.3 Extensor carpi ulnaris
     (musculus extensor carpi ulnaris)
 Deep layer
 • 3.4 Abductor pollicis longus
     (musculus abductor pollicis longus)
 • 3.5 Extensor pollicis brevis
     (musculus extensor pollicis brevis)
 • 3.6 Extensor pollicis longus
     (musculus extensor pollicis longus)
 • 3.7 Extensor indicis
     (musculus extensor indicis)

The muscles of the forearm are divided into 3 groups: anterior, lateral and posterior 
groups. They act on the elbow joint, wrist joint and joints of the hand.

Muscles of the forearm – Musculi antebrachii8.3

Clinical notes

The flexors and supinators of the 
forearm are more dominant than 
the extensors and pronators. The 
flexors and supinators may shorten 
during long periods of inactivity, as 
occurs in bedridden patients.

The palmaris longus is a functional-
ly insignificant muscle and is absent 
in 10 % of cases. It can be used for 
tendon grafts.

The common ulnar head (caput 
commune ulnare) is the common 
origin of the first and the second 
layers of the ventral group of the 
forearm muscles.

The flexor carpi radialis courses 
through the carpal canal in its own 
separate section and then through 
a groove on the trapezium. 

Pronator canal, supinator canal, cu-
bital canal see page 575.

Golfer’s elbow is an overuse injury 
of the flexors that originate on the 
medial epicondyle. It can be caused 
by manual labor and is character-
ised by pain over the medial epi-
condyle. 

Tennis elbow is an overuse injury of 
the extensors that originate on the 
lateral epicondyle. It can be caused 
by working on computers for long 
periods of time and is characterised 
by pain over the lateral epicondyle.

The palm and the palmar part of 
the wrist are painful when the pal-
maris longus is overloaded. The 
pain is described as “thousands of 
tiny needles” and it makes it difficult 
to work with tools.

Shortening of the pronator teres 
occurs from working on a computer 
while positioning the mouse in front 
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Posterior view of the right and left forearms

a muscle of the 1st layer
Origin:

1 Humeral head (caput humerale): humerus – medial epicondyle
2 Ulnar head (caput ulnare): ulna – olecranon and posterior border
pisiform,
hook of hamate (as the pisohamate ligament),
base of the 5th metacarpal (as the pisometacarpal ligament)
flexion of the forearm,
ulnar duction and flexion of the hand
ulnar nerve (C8–T1)

Muscles of the forearm – anterior group8.3.1

The anterior muscles of the forearm are divided into four layers. They are flexors and pronators of the forearm. These 
muscles are innervated predominantly by the median nerve, although the flexor carpi ulnaris and part of the flexor 
digitorum profundus are innervated by the ulnar nerve. The pronator teres, flexor carpi ulnaris and flexor digitorum 
superficialis each have two heads, through which nerves from the upper arm pass to the forearm. 

Palmaris longus (musculus palmaris longus)

Pronator teres (musculus pronator teres)

Flexor carpi radialis (musculus flexor carpi radialis)

Flexor carpi ulnaris (musculus flexor carpi ulnaris)

– a muscle of the 1st layer
O: humerus – medial epicondyle and antebrachial fascia
I:  palmar aponeurosis,
  flexor retinaculum
F: an accessory flexor of the forearm and hand,
  stretches the palmar aponeurosis
N: median nerve (C8, variably C7–T1)

– a muscle of the 1st layer
Origin:
• 1 Humeral head (caput humerale):
   humerus – medial epicondyle
• 2 Ulnar head (caput ulnare): ulna – coronoid process
I:  radius – pronator tuberosity
F: flexion and pronation of the forearm
N: median nerve (C6–C7)

– a muscle of the 1st layer
O: humerus – medial epicondyle and antebrachial fascia
I:  base of the 2nd and 3rd metacarpal (anterior surface)
F: flexion of the forearm,
  radial duction and flexion of the hand
N: median nerve (C6–C7)
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Anterior view of the right and left forearms

Anterior view of the right and left forearms

Anterior view of the right and left forearms

(musculus extensor carpi ulnaris)

Abductor pollicis longus
(musculus abductor pollicis longus)
Extensor pollicis brevis
(musculus extensor pollicis brevis)
Extensor pollicis longus
(musculus extensor pollicis longus)

(musculus extensor indicis)
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Digestive system 5

1 Mucosa – contains simple columnar epithelium 
 • 1.1 Gastric folds (plicae gastricae) – predominantly
      longitudinally oriented mucosal folds
     – are mainly located along the curvatures
 • 1.2 Salivary sulcus of Waldeyer (sulcus salivarius)
     – longitudinal folds along the lesser curvature
     – liquid food may pass through them on
      their way from the cardia to the pylorus
   1.3 Gastric pits (foveolae gastricae) – gastric glands are located
      within the lamina propria and open into the gastric pits
   1.4 Gastric areas (areae gastricae)  
     – areas of mucosa between the gastric pits
2 Submucosa (tela submucosa)
3 Muscular layer (tunica muscularis)
	 –	in	addition	to	the	usual	circular	and	longitudinal	layers,
  there is a third innermost obliquely oriented layer
	 • 3.1 Oblique fibres (fibrae obliquae) – the innermost layer
     – extend from the circular layer
     – course from the cardia to the greater curvature
	 	 	 	 	 –	their	contraction	assists	in	closure	of	the	cardia
 • 3.2 Circular layer (stratum circulare) – the widest middle circular layer
     • 3.2.1 Pyloric sphincter (musculus sphincter pylori)
          – smooth circular muscle enclosing the pylorus
 • 3.3 Longitudinal layer (stratum longitudinale) – the outer longitudinal layer 
	 	 	 	 	 –	continuation	of	closing	process	of	the	cardia	
      oesophageal longitudinal muscle layer
4 Serosa (tunica serosa) – visceral peritoneum

Stomach – Gaster5

The	stomach	is	the	widest	part	of	the	digestive	tract.	It	is	located	in	the	suprameso-
colic part of the peritoneal cavity	under	the	left	vault	of	the	diaphragm.	It	extends	on	
the	right	to	the	epigastric	region.	The	average	volume	is	approximately	one	litre,	but	
the capacity may be two to three litres. The shape of the stomach varies according to 
its	content	and	the	activity	of	its	muscular	wall.	The	arterial	supply	is	provided	by	the	
coeliac trunk. 

Stomach – Gaster5

Stomachus is the Greek term for the 
stomach. Ventriculus is the obsolete 
Latin	term	for	the	stomach.	

Functional division of the stomach: 
Digestive part (pars digestoria) – in-
cludes the fundus and body of the 
stomach.
Evacuating part (pars egestoria) 
– includes the pyloric part of the 
stomach.

Gastric peristola is	 a	 resting	phase	
of	 the	 stomach	 after	 being	 filled	
with food.
Peristaltic waves enable mixing and 
moving of the gastric content and 
creation	of	chyme.
Pyloric pump: peristaltic	 waves	 in	
the pyloric part enable the passage 
of chyme into the duodenum while 
the pyloric sphincter is relaxed.

Pepsin, gastrin, intrinsic factor of 
Castle (necessary	 for	absorption	of	
vitamin B12) and hydrochloric acid 
(HCl) are secreted in the stomach.

The parasympathetic nervous sys-
tem facilitates peristalsis and secre-
tion	of	HCl.
The sympathetic nervous system 
inhibits	 peristalsis	 and	 secretion	 of	
HCl.	However,	the	pyloric	sphincter	
contracts	 under	 influence	 of	 the	
sympathetic	system.

Mnemonics: 
Arteries with a short name (gastric 
arteries) course along the lesser 
curvature.
Arteries with a long name (gastro-
omental arteries) course along the 
greater curvature.

Surfaces
• 1 Anterior wall (paries anterior)  
	 	 	 –	faces	the	anterior	abdominal	wall,	diaphragm	and	liver
  2 Posterior wall (paries posterior) – faces the omental bursa
Curvatures
• 3 Greater curvature (curvatura major)  
	 	 	 –	the	left,	long	and	convex	curvature	of	the	stomach
   • 3.1 Great notch (incisura major)
       – a notch within the greater curvature
        between the fundus and body of the stomach
• 4 Lesser curvature (curvatura minor)
	 	 	 –	the	right,	short	and	concave	curvature	of	the	stomach
   • 4.1 Angular notch (incisura angularis)
       – a small notch within the lesser curvature
        between the body of the stomach and the pyloric part

External structure

Histology

Syntopy

Blood supply

Innervation

Fixation

The anterior wall of the stomach is in contact with:
• 1 Diaphragm	–	diaphragmatic	surface	(facies diaphragmatica)
• 2 Liver	–	hepatic	surface	(facies hepatica)
• 3 Anterior abdominal wall – free surface (facies libera)
Posterior wall of the stomach faces the omental bursa
and is in contact with the following structures
listed	belowm,	through	the	parietal	peritoneum:	
• 1 Diaphragm
• 2 Left kidney
• 3 Left suprarenal gland
• 4 Pancreas
• 5 Spleen
• 6 Transverse colon and mesocolon

Peritoneal duplicatures (ligaments) extend from the serous coat of the stomach and course towards both curvatures.
Blood	and	lymph	vessels,	nerves	and	lymph	nodes	are	positioned	in	the	loose	fibrous	tissue	between	the	sheets	of	peritoneum.
1 Hepatogastric ligament (ligamentum hepatogastricum) – extends from the lesser curvature to the liver
 – part of the lesser omentum
2 Gastrosplenic ligament (ligamentum gastrosplenicum) – extends from the greater curvature to the spleen
3 Gastrophrenic ligament (ligamentum gastrophrenicum) – extends from the greater curvature to the diaphragm
4 Gastrocolic ligament (ligamentum gastrocolicum) – extends from the greater curvature to the transverse colon
 – part of the greater omentum

Parasympathetic system: posterior	gastric	branches)
Sympathetic system: plexuses	enter	the	stomach	wall)
Viscerosensory innervation: sympathetic	nerves	(pain)

Parts of the stomach
• 1 Fundus –	the	cranial	portion	under	the	diaphragm
   • 1.1 Cardial notch (incisura cardialis) – a notch between the fundus and cardia
• 2 Body of stomach (corpus gastricum) – the largest part of the stomach
   • 2.1 Cardia / cardial part (cardia / pars cardica) 
       – an area around the opening of the oesophagus
   • 2.2 Cardial orifice (ostium cardiacum) – the opening of 
        the oesophagus into the stomach (at the level of T11)
     2.3 Gastric canal (canalis gastricus) 
       – a cavity within the body of the stomach
  3 Pyloric part (pars pylorica)
   – a horizontal or slightly ascending part 
    of the stomach between the body and duodenum
   • 3.1 Pyloric antrum (antrum pyloricum)
       – is located between the gastric
        and pyloric canals at the level of
        the angular notch 
   • 3.2 Pyloric canal (canalis pyloricus)
       – a 2–3 cm long part heading
        towards the pylorus
   • 3.3 Pylorus –	the	transition	between	
        the stomach and duodenum
   • 3.4 Pyloric orifice (ostium pyloricum) – a closable
        outlet of the stomach into the duodenum

Arterial supply: coeliac trunk
Anastomosis along the lesser curvature: 
• 1 Left gastric artery (from the coeliac trunk) 
• 2 Right gastric artery	(usually	from	the	hepatic	artery	proper)
Anastomosis along the greater curvature: 
• 3 Left gastro-omental (gastro-epiploic) artery (from the splenic artery)
• 4 Right gastro-omental
Other branches:
• 5 Short gastric arteries
  6 Pyloric artery	(from
Vein drainage:	portal	vein
	 –	an	important	portocaval
 – the ventral surface of the pylorus is drained by the prepyloric vein (either via the right gastric vein or directly to the portal vein)
Lymphatic drainage: coeliac lymph nodes (subsequently to the thoracic duct) and into
	 	 the	left	supraclavicular
 – body of the stomach
 – fundus:	pancreaticosplenic

Clinical notes
Pyloric stenosis (pylorostenosis) is a 
congential	hypertrophic	 stenosis	of	
the pyloric sphincter that may clini-
cally	manifest	as	projectile	vomiting.

Achalasia	 is	 a	 pathological	motility	
disorder of the aboral part of the 
oesophagus. A lack of the myenteric 
ganglionic cells lead to absence of 
peristalsis and inability to relax the 
distal oesophageal sphincter.

The nodes of Virchow-Troisier 
are	 the	 left	 supraclavicular	 lymph	
nodes. Enlargement of these nodes 
can	be	one	of	the	first	symptoms	of	
stomach cancer due to its connec-
tion	with	the	thoracic	duct.

Gastric ulcers are more likely to 
occur in areas of the stomach that 
have	 poor	 blood	 supply,	 such	 as	
where	 the	 anastomotic	 arterial	
arches	 are	 attached	 to	 the	 lesser	
and greater curvatures of the stom-
ach.

Syntopy of the posterior wall
 of the stomach

Syntopy of the anterior wall
 of the stomach

Surfaces and curvatures of the stomach

Parts of the stomach
Histology of the stomach
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Right gastro-omental
Other branches:
• 5 Short gastric arteries
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Heart and blood vessels 9Axillary and brachial arteries6.2.5

Radial and ulnar arteries6.2.6

Superior thoracic artery 

Deep artery of arm

Radial canal

Radial collateral artery 

Cubital fossa 
Radial artery
Ulnar artery

Middle collateral artery

Lateral thoracic artery

Subscapular artery

Circumflex scapular artery

Thoracodorsal artery 

Triangular space

Quadrangular space

Superior ulnar collateral artery

Inferior ulnar collateral artery

Thoraco-acromial artery

Axillary artery - suprapectoral part 

Axillary artery - retropectoral part 

Axillary artery - infrapectoral part

Posterior circumflex humeral artery 

Anterior circumflex humeral artery

Inferior margin of teres major

Ulnar artery Common interosseous artery

Posterior interosseous artery 

First dorsal metacarpal 
artery

Radial fossa

The first interdigital space

Cubital fossa

Brachial artery

Ulnar canal

Dorsal carpal arch

Deep palmar arch

Superficial palmar arch

Palmar metacarpal arteries 

Common palmar digital arteries

Palmar digital arteries proper

Anterior interosseous artery

Interosseous membrane of forearm 

Radial artery 

Radial recurrent artery

Ulnar reccurent artery

Cubital anastomosis 

Inferior margin of 1st rib

Schemes
Coeliac trunk and superior and inferior mesenteric arteries6.2.7

Coeliac trunk

Abdominal aorta

Aortic hiatus  of diaphragm
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Common 
hepatic 
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Gastroduodenal artery

Superior pancreaticoduodenal artery
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proper
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Right branch 
of hepatic 
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Left branch of 
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proper 
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Superior rectal artery

Middle colic artery

Right colic artery
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Appendicular artery
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caecal artery 

Coeliac trunk and superior and inferior mesenteric arteries

Coeliac trunk

Abdominal aorta

Aortic hiatus  of diaphragm

Left gastric artery

Posterior superior
pancreaticoduodenal artery

Inferior mesenteric artery
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Figures and review questions – Topography of neck10.2

1. Describe the organ projection at the C6 level (p. 542)
2. State the muscle which course divides the neck into regions. 
3. List 4 parts of the anterior cervical region. (p. 542)
4. State a topographical site in which we can measure

the pulse on the carotid artery. (p. 542)
5. Describe the borders of the submandibular triangle. 
6. State at what level according to the cervical part of the vertebral column the common 

carotid artery divides into the internal and external carotid arteries. 
7. Describe which nerves run through the carotid triangle 

outside of the carotid sheath. (p. 543)
8. State the name of an artery that gives the facial artery. (p. 543)
9. Describe the main structure that we can find in the submental triangle. (p. 544)
10. Describe the borders of the muscular triangle. (p. 544)
11. State a structure that lies under the lesser supraclavicular fossa. (p. 544)
12. List the structures that pass through the scalene fissure. (p. 545)
13. Describe the structure of the carotid sheath and its content  

including the positions in the carotid sheath. (p. 547)
14. State the differences between the spaces of the neck and its triangles (p. 546)
15. List the spaces of the neck and the structure that divides them. (p. 546)
16. State the topographic site of the head that communicates  

with the paravisceral space. (p. 546)
17. List the 3 layers of the cervical fascia (p. 547)
18. List the structures that the superficial layer 

of the cervical fascia envelopes? (p. 547)
19. Describe the space in which the thyroid gland is located. (page 546)

1. Describe the relationship between the mediastinum  
and the pleuroperitoneal space. (p. 548)

2. Describe the cranial border of the thorax. (p. 548)
3. Describe the external intercostal membrane. (p. 548)
4. List the 4 fasciae of the thorax. (p. 548)
5. State where we can find the fascia of Sibson? (p. 548)
6. List the structures within the intercostal neurovascular bundle  

in craniocaudal order. (p. 549)
7. State the organ projections at the T2 level. (p. 549)
8. Describe the most caudal point of the pleura. (p. 549)
9. Explain the term mediastinum means and describe its location. (p. 550)
10. Explain the difference between the anatomical  

and clinical division of the mediastinum. (p. 550)
11. State the name of a structure dividing the anterior 

 and posterior mediastinum of clinical division. (p. 550)
12. Order these structures in the superior mediatinum (oesophagus, trachea, 

 superior vena cava, arch of aorta) ventrodorsally. (p. 551)
13. State the content of the inferior posterior mediastinum. (p. 551)
14. List the names of nerves that join the oesophagus during  

its descent through the mediastinum. (p. 552)
15. Describe the course of the right recurrent laryngeal nerve. (p. 552)
16. List the structures that pass through the aortic hiatus. At what level according 

 to the thoracic part of the vertebral column this hiatus is? (p. 553)
17. Explain the relationship between the oesophagus and trachea? (p. 552)
18. List the openings in diaphragm through which the phrenic nerves pass? (p. 553)
19. State the term of the internal thoracic artery and vein after 

they pass to the anterior abdominal wall? (p. 553)

Figures and review questions  – Topography of thorax10.3
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Describe the regions and the triangles of the neck

Describe the intercostal space

List the structures in the posterior mediastinum

4

5

6

7

2 13

1

5

3.1

4.1

4.2

3.2

3.3

Figures and review questions  – Topography of abdomen

State the anatomical and clinical regions of the abdomen. (p. 554)
Give the name of an organ that lies  

under the point of McBurney. (p. 554)
Describe the layers of the ventrolateral abdominal wall. (p. 555)
Explain the difference in the rectus sheath below  

and above the umbilicus. (p. 555)
State the structures that form the posterior part  

of the rectus sheath above the umbilicus. (p. 555)
Describe what the line of Douglas represents. (p. 555)

7. Explain the relationship between the inguinal ligament  
and the inguinal canal. (p. 556)

8. Describe what descends down the inguinal canal  
during the embryonic period in male. (p. 556)

9. Describe the walls of the inguinal canal. (p. 556)
10. State the nerves comprised within the inguinal canal. (p. 556)
11. Explain the structure of the superficial inguinal ring. (p. 557)
12. State the structure that is the base for the medial umbilical fold. (p. 558)
13. List all the places where a hernia can occur. (p. 558)
14. Explain the developmental origin of the secondary  

retroperitoneal organs. (p. 558)
15. State the primary retroperitoneal organs. (p. 559)
16. Describe the position of the omental bursa  

and its relationship to the transverse mesocolon. (p. 561)
17. List 3 branches of the abdominal aorta that supply organs  

of the peritoneal cavity. (p. 561)
18. Describe the ventral wall of the omental bursa. (p. 561)
19. State the content of the hepatoduodenal ligament. (p. 562)
20. Explain the purpose of the peritoneal attachments (mesos)  

for intraperitoneal organs. (p. 563)
21. State 3 peritoneal duplications of liver. (p. 563)
22. Describe the position and components of the lesser omentum. (p. 563)

Topography of pelvis
1. Describe the border between the greater and lesser pelvis. (p. 564)
2. Describe the deepest point of the male and female peritoneal cavity. (p. 564)
3. Describe ways of examination of the space of Douglas. (p. 564)
4. Explain the relationship between the ovarian fossa  

and fossa of Claudius. (p. 564)
5. Stated the organs located in the lesser pelvis. (p. 565)
6. List 6 parts of the pelvic fascia. (p. 565)
7. State the structure found only in female within  

the genital lamina of visceral fascia of pelvis. (p. 565)
8. List the content of the male and female urogenital triangle. (p. 566)
9. Which muscle is located above the urogenital triangle. (p. 566)
10. Explain the term perineum. (p. 566)
11. The subcutaneous tissue of perineum is an continuation  

of which layer of the abdominal wall? (p. 566)
12. Explain the term episiotomy. (p. 566)
13. State the nerve, artery and vein that run in the pudendal canal. (p. 567)
14. Describe the borders of the ischio-anal fossa. (p. 567)
15. List the structures that we can find in the scrotum. (p. 567)
16. Describe the structure of the scrotum wall. (p. 567)

Topography of back
17. Explain the functions of the vertebral canal. (p. 568)
18. State in which topographical place we can find the vertebral artery. (p. 569)
19. List the two weakened points of the back. (p. 569).

Figures and review questions  – Topography of pelvis and back10.5
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Describe the borders of the submandibular triangle. 
6. State at what level according to the cervical part of the vertebral column the common 

carotid artery divides into the internal and external carotid arteries. 

State the structures that form the posterior part 
of the rectus sheath above the umbilicus. (p. 555)

Describe what the line of Douglas represents. (p. 555)

State the muscle which course divides the neck into regions. 
3. List 4 parts of the anterior cervical region. (p. 542)
4. State a topographical site in which we can measure

the pulse on the carotid artery. (p. 542)
5. Describe the borders of the submandibular triangle. 

under the point of McBurney. (p. 554)
Describe the layers of the ventrolateral abdominal wall. (p. 555)
Explain the difference in the rectus sheath below 

and above the umbilicus. (p. 555)
State the structures that form the posterior part 

3

12

2

Central nervous system

Parts
  1 Pallium
   • 1.1 Cortex cerebri – the superficial part
        formed by neuronal bodies (perikarya)
   • 1.2 White substance of brain
       (corpus medullare telencephali)
       – the internal portion mainly formed
        by myelinated fibers
  2 Subpallium
   • 2.1 Basal nuclei (nuclei basales)
       – nuclei located in the deep
        white substance of telencephalon

Surfaces of the telencephalon (facies)
• 1 Facies inferior – is in contact
    with the cranial base and in the occipital region
    in vicinity of the tentorium cerebelli
• 2 Facies medialis – is adjacent to the falx cerebri
• 3 Facies superolateralis
   – is the external surface of the hemispheres
    which is adjacent to the neurocranium

Fissures (fissurae)
• 4 Longitudinal fissure (fissura longitudinalis cerebri)
   – separating the right and left hemisphere
   • 4.1 Falx cerebri – is a duplication of the dura mater
        inserted between the hemispheres
• 5 Transverse fissure (fissura transversalis cerebri)
   – separating the hemispheres
    of telencephalon and cerebellum
   • 5.1 Tentorium cerebelli – is a duplication
        of the dura mater inserted between
        the occipital lobes and cerebellum

Lobes (lobi telencephali)
• 1 Frontal lobe (lobus frontalis)
   – situated in front of the central sulcus,
    in vicinity to the frontal bone
   • 1.1 Frontal pole (polus frontalis)
       – the most rostral part of the telencephalon
• 2 Parietal lobe (lobus parietalis) – situated behind
    the central sulcus, in vicinity to the parietal bone
• 3 Occipital lobe (lobus occipitalis) – in vicinity
    to the occipital bone and tentorium cerebelli
   • 3.1 Occipital pole (polus occipitalis)
       – the caudal-most part of the telencephalon
• 4 Temporal lobe (lobus temporalis)
   – adjacent to the temporal bone
   • 4.1 Temporal pole (polus temporalis)
• 5 Insular lobe (lobus insularis) – is situated
    in the lateral cerebral fossa between
    the temporal, frontal, and parietal lobes

Telencephalon – Telencephalon7

Clinical notes

Phylogenetically, the telencephalon is the most rostral part of the CNS. It is derived 
from the prosencephalon and contains the highest number of neurons. The paired 
hemispheres have gyri and the surface corresponds to the cortex (grey matter con-
sisting of neurons). The main functions of the telencephalon represent consciousness, 
sensation, voluntary movements, and cognitive functions (memory, concentration, 
etc.).

The surface of the brain cortex in 
adults covers almost 0,25 m2.

The cerebrum is a synonym for the 
telencephalon. The encephalon is a 
synonym for the whole brain toge-
ther with the brain-stem and cere-
bellum.

Outstanding mathematicians have  
a well-developed left angular gyrus 
and cortex around the intraparietal 
sulcus.

From the macroscopic point of 
view, the hemispheres are similar 
– however, they differ in their func-
tional connectivity. In some func-
tions one hemisphere dominates 
and the other is complementary.

The primary motor area is soma-
totopically organized with projecti-
on to motor neurons of particular 
muscular groups.

For a detailed table describing sulci 
see page 488.

Brain hemispheres

Interhemispheric herniation is a re-
sult of insertion of the cingular gyrus 
underneath the margin of falx cere-
bri. Clinical signs are impairment of 
consciousness and breathing, and 
pupillar miosis.

Transtentorial herniation (temporal 
cone) is a result of herniation of the 
parahippocampal uncus underneath 
the margin of tentorium cerebelli. 
Typical signs are usually ipsilateral 
mydriasis (caused by compression 
of the parasympathetic fibers of oc-
ulomotor nerve –  most frequently 
caused by epidural hematoma from 
middle meningeal artery bleeding), 
contralateral palsy, and an impair-
ment of consciousness.

Herniation of the cerebellar tonsils 
(occipital cone) is a complication of 
expansive processes in the posterior 
cranial fossa.  The herniated cer-
ebellar tonsils lead to compression 
of the medulla oblongata inside the 
foramen magnum. The most com-
mon clinical signs are headache 
located in the occipital region, dip-
lopia (double vision), impairment of 
muscle control (weakness or palsy), 
and ataxia. Rapid progression typi-
cally leads to impairment of con-
sciousness and failure of the cardio-
vascular system and breathing.
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Schemes of somatosensory tracts21.3
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Describe the parts of the diencephalon

VIII. Diencephalon 
1. List the three parts of the diencephalon which derive from 

the alar plate and describe their position. (p. 424)
2. List the two parts of the diencephalon which derive from 

the basal plate and describe their position. (p. 424)
3. List five structures forming the epithalamus. (p. 425)
4. Characterise the metathalamus. (p. 424)

IX. Thalamus
5. Name the nuclei which belong to the anterior nuclear group. (p. 427–429)
6. Name the nuclei which belong to the midline nuclear group. (p. 427–429)
7. Describe seven nuclei which belong to the lateral nuclear group. (p. 427–429)
8. List functions and integrations of the nuclei posteriores thalami. (p. 428)
9. Describe the position of the thalamic motor nuclei. (p. 429)
10. Name two somatosensory nuclei of the thalamus. (p. 429)
11. Name the thalamic nucleus which is involved 

in processing of gustatory information. (p. 429, 467)
12. Describe the connection between the nucleus ventralis anterior, 

cortex, and basal ganglia. (p. 429)
13. Describe the difference between the nucleus ventralis lateralis 

and nucleus ventralis posterolateralis from the functional point of view. (p. 429)
14. Describe integration and function of the intralaminar nuclei. (p. 428)
15. What is the function of the association nuclei of the thalamus? (p. 428)

Review questions and figures23

1.

2.

is a synonym for the 
telencephalon. The encephalon is a 
synonym for the whole brain toge-

-

is a synonym for the 
telencephalon. The encephalon is a 
synonym for the whole brain toge
ther with the brain-stem and cere-
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I devoted my childhood to basketball, which I played at a professional level, but a knee injury 
changed my life course towards medicine. Sports have conti nued to stay in my heart and have 
shift ed me to medical disciplines related to the constructi on and movement of the human 
body, such as anatomy, kinesiology and orthopedics. In medical school I was acti vely involved 
in student organisati ons and the academic senate and in the third year of my medical studies, 
I started teaching anatomy. My goal is to teach students in both a fun and an easily understood 
manner. I like acti ve people and I try to be one of them. I guess I‘m a workaholic but I love it.

I was born in Ostrava, where I have graduated from both elementary and high school. Aft er 
that, my feet lead me to Brno to the Medical Faculty. My big dream is to one day be on the 
world’s stage, though I haven’t yet tried actual acti ng. Instead, every week I „perform“ in front 
of students during anatomy classes. I like challenges, which is why I chose the brain and nerv-
ous system as a chapter in Memorix, as well as in my professional life. I focused on neurology, 
anatomy, and research at Hotchkiss Brain Insti tute at the University of Calgary. Currently, I work 
as an assistant professor at the First Department of Neurology in Brno.

My name is Jan Balko and I work at the Department of Pathology in Prague. I have taken part in 
creati on of Memorix Anatomy right before my graduati on. It has been my task to paint the major-
ity of the pictures including the cardiovascular system, bones, joints, muscles etc. Luckily, there 
were two co-workers, who helped me a lot. We have managed to fi nish hundreds of pictures in 
just a single year. It was our wish to make them simple and colourful. Simplicity makes it pos-
sible to redraw the pictures by the students themselves and the motley colours help disti nguish 
all the anatomical structures. I hope you will be sati sfi ed with our work.

For a long ti me the only partnership between me and medicine was an emergency room and 
an otorhinolaryngology ward. At present, as a physician, I gain strength for doing my job through 
my lifeti me hobby – drawing and painti ng. I‘m extremely  happy that I was challenged to uti lize 
my hobby by making illustrati ons for this marvellous textbook – friendly not only to medical 
students but also to forgetf ul physicians – as well as myself. I hope this book will accompany you 
on your journey through medical school and medical career. 

I have had a passion for drawing ever since I was a litt le girl. I could spend upon hours and hours 
improving my sketches. I didn‘t think for another second when I was off ered to draw illustra-
ti ons for Memorix. I like the fact that I could combine medicine and art while producing some-
thing undoubtedly useful for young students to understand the basics of human anatomy. I 
take a keen interest in illustrati ng and graphics and I want to take part in future graphical projects. 
My life‘s goal is to help people every day by becoming an excellent and sensiti ve physician.

During my medical studies at university, the true, decisive and fatal crossroad of my life came 
into the picture: the dissecti on room. That space desti ned my future life career and medical 
specializati on. Fascinati on by the hidden corners and nooks of the human body led me to my 
future teaching and scienti fi c way of life. The driving force of my eff ort was the desire to mediate 
the knowledge to students in an easily accessible and gripping manner. Whenever I saw a light 
of cogniti on in my students’ eyes, my endeavor came to fruiti on. The result of my eff ort is this 
book. Although it pulled me away from my children a bit, it became a kind of my child itself. 

Radovan Hudák

Ondřej Volný

Jan Balko

Simona Felšoová

Šárka Zavázalová

David Kachlík

Illustrators – a drawing of the human body is a pleasure of our senses

Editors – anatomy is our passion, anatomy is our life

“
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Co-authors – nothing fascinates us more than the mysteries of human anatomy

Starting as a young and eager book-loving student of medicine, as soon as I could I immersed myself into the 
complexity of anatomy bringing it to today’s young, eager and book-loving students. Working as an anatomy as-
sistant I was offered a wonderful chance to co-author this amazing textbook. The complexity of human anatomy 
strikes me every day in my practice. Currently as a resident of paediatric neurology and a PhD student in neu-
roscience, I turn back to the very first edition of “Memorix Anatomie” to recall all the lost and newly regained 
knowledge of brain anatomy. 

The relationship between structure, function and clinical relevance is the main goal of studying and teaching 
anatomy. The ability to explain, to answer frequently asked questions and anatomical difficulties, and simply to be 
closer to the readers and behave student-friendly, these are the rudiments of Memorix Anatomy. This excellent 
textbook makes studying anatomy interesting and dynamic. In this matter, it not only deserves an exceptional 
attention but also an exceptional humility of authors before their own work.

I am ambitious and have been since an early age. As a child, I grew up dreaming of playing sports in the pro-ranks 
and couldn’t picture myself doing anything else. Later on, I moved to the United States and began to fulfill this 
dream. But there is one saying, “We plan, God laughs.” And so, after a series of injuries, my sports career was 
over. This life lesson, which has taught me much about the importance of health, has brought me a new ambition: 
restoring the health of others, which after all, may be more rewarding than anything else. And it all begins with 
anatomy.

“Do you like it?” With this question one Georgian orthopedist asked for my opinion after a complicated surgery. 
I laughed. Why would an experienced surgeon ask a newbie, who was only seeing that operation for the first time? 
But it was not a joke. The surgery was not finished until every member of the team verified that he or she was 
satisfied by it. This humble attitude I have also found this humble attitude within the Memorix team. Both are 
connected by the desire for perfection. I hope this book will serve you well and I would also like to ask you: do 
you like it?

After years of hard work in judo, hockeyball and contemplating studying at lawschool, I decided to leave it all be-
hind and instead pursue medschool. As a medical student I get the opportunity to teach anatomy at our anatomy 
department in Brno. It was something remarkable for me. That’s the reason why I said: “Yes!” when Rado Hudák 
asked me, if I wanted to work on Memorix Anatomy. Currently I work as a resident of Neurosurgery in Olomouc 
and I open Memorix almost every day. I hope that anatomy with Memorix will soon become your passion.

I have been interested in surgery and anatomy since my first years at the university. Thanks to the friendly 
attitude of the department of anatomy, I had almost unlimited options to study this wonderful discipline. Its 
knowledge helps me a lot in my surgical profession, so I decided to continue teaching anatomy at the Third Fac-
ulty of Medicine. I always try to transmit my knowledge to the students in as a comprehensible way as possible. 
Memorix Anatomy was a great challenge to be able to explain the topographical anatomy intelligibly, yet still 
thoroughly.

I was inspired to teach anatomy by the excellent student lecturers who taught me during the dissection course 
in my first year of studies. I grew up in England, and moved to Prague in 2010 to study at the Second Faculty of 
Medicine at Charles University. I have now been teaching anatomy for four years and I have taught students of 
both the second and first medical faculties. I have enjoyed working on Memorix Anatomy and I believe it pro-
vides a unique way of presenting the complexities of human anatomy in a simple and concise format. 

Barbora Beňová

Ladislav Douda

Petr Vaněk

Vojtěch Kunc

Martin Čepelík

Matej Halaj

Jakub Miletín

Adam Whitley

Since childhood as I remember I have always wanted to become a physician. I have also been inclined to teach-
ing and anatomy united these two paths into one. Although I am now working as a surgeon in the Department 
of Pediatric Trauma and Surgery in Prague, I still gladly remember my days in the Department of Anatomy, and 
my knowledge of anatomy helps me a lot in what I do now. I am proud and thankful to be a part of such great 
team that worked hard on the Memorix Anatomy and I hope that it will be as rewarding for you to read it as it 
was for us to create it.
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”Everything should be made as simple as possible,
but not simpler.“

Albert Einstein
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Peripheral nervous systemGeneral overview1

The peripheral nervous system (PNS) consists of nerves and neural ganglia. Nerves en-
able bidirecti onal communicati on between the central nervous system and the rest of 
the body (referred to as the periphery). There are 31 pairs of spinal nerves originati ng 
from the spinal cord and 12 pairs of cranial nerves from the brainstem. The autonomic 
nervous system (ANS) is a division of the PNS. It is subdivided into the sympatheti c, 
parasympatheti c and enteric nervous systems. Ganglia are groups of cell bodies of 
nerves, located outside of the CNS. Spinal ganglia contain the cell bodies of sensory 
nerves. Autonomic ganglia contain synapsing visceromotor neurones; they contain 
a preganglionic axon synapsing on the dendrites of the postganglionic neurone. The cell 
body of the postganglionic neurone is located in the ganglion. Nerve fi bres are axons 
and are either myelinated or non-myelinated. They are grouped together into nerve 
fascicles, which are further grouped together to form a periphal nerve. 

• 1 Cranial nerves (nervi craniales) – 12 pairs 
• 2 Cervical nerves (nervi cervicales) – 8 pairs
• 3 Thoracic nerves (nervi thoracici) – 12 pairs
• 4 Lumbar nerves (nervi lumbales) – 5 pairs 
• 5 Sacral nerves (nervi sacrales) – 5 pairs
• 6 Coccygeal nerve (nervus coccygeus) – 1 pair

Classifi cati on

Peripheral nerve 

CNS is an abbreviati on for the cen-
tral nervous system.
PNS is an abbreviati on for the pe-
ripheral nervous system.

A peripheral nerve does not contain 
any neuronal bodies (perikarya). 

The nerve fi bres travelling in a pe-
ripheral nerve are arranged in 
a wavy patt ern. This prevents them 
from being harmed when they are 
stretched during limb movements.

  1 Nerve (nervus)
   – the peripheral nerve is a bundle of axons
    surrounded by fi brous ti ssue and supplied
    by small vessels called the vasa nervorum
   • 1.1 Epineurium – a sheath of fi brous ti ssue
        covering a peripheral nerve
       – emits septa into the nerve, dividing the fascicles
• 2 Fascicle (fasciculus) – a bundle of axons (nerve fi bres)
   • 2.1 Perineurium – a fi brous sheath covering one fascicle 
• 3 Types of nerve fi bres
     3.1 Axons of alpha motor neurones 
       3.1.1 Schwann cells
          – responsible for myelin producti on
     3.2 Peripheral branches of pseudounipolar neurones
     3.3 Axons of autonomic neurones  
   • 3.4 Endoneurium – a fi brous sheath 
       surrounding each myelinated nerve fi bre 

1

1

2

3

4

5

6

3.4

2.1

2

1.1

3

Clinical notes
From the clinical point of view, 
there are two types of motor neu-
rones. The upper motor neurone 
(UMN) is located in the cerebral 
cortex and the lower motor neu-
ron (LMN) is located in the anterior 
horns of the spinal cord and in the 
nuclei of the cranial nerves.

Flaccid paralysis is caused by dam-
age to the lower motor neurone. 
Muscle tone is decreased (hypoto-
nia), parti al or complete impairment 
of voluntary movement (paresis or 
plegia, respecti vely) and tendon re-
fl exes are weakened or completely 
absent (hyporefl exia or arefl exia, 
respecti vely). Viral poliomyeliti s is 
an example of lower motor neuron 
disease. Spinal muscular atrophy 
(SMA) is a group of geneti cally de-
termined diseases of the lower mo-
tor neurons. 

Spasti c paralysis is caused by dam-
age to the upper motor neurone. It 
occurs as a result of lesions in the 
cerebral motor cortex or from dam-
age to the axons of UMN that de-
scend from the cortex to the spinal 
cord. This may arise aft er ischaemic 
insults such as occur in strokes and 
in periventricular perinatal hypoxia 
that can occur from complicated 
labour. Spasti c paralysis manifests 
as parti al or complete impairment 
of voluntary movements (paresis 
or plegia), increased muscle tone 
(hypertonia) and signs of spasti c-
ity (hyperrefl exia and irritati ve py-
ramidal signs including the Babinski 
sign). Cerebral palsy is a classic ex-
ample of an upper motor neurone 
disorder. 

To suture nerves a special micro-
surgical technique is used to apply 
sti tches to the perineurium of indi-
vidual fascicles.
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11General structure of the spinal nerve 1.1

The spinal nerve is formed from an anterior and a posterior spinal root, which fuse and leave the vertebral canal through 
the intervertebral foramen. The anterior root consists of eff erent (motor) fi bres and the posterior root consists of af-
ferent (sensory) fi bres. The posterior root contains the spinal ganglion (ganglion spinale), containing the cell bodies of 
the aff erent nerves entering the spinal cord. Outside the vertebral canal, the spinal nerve divides into a posterior branch 
(ramus posterior) and an anterior branch (ramus anterior). These branches contain both aff erent and eff erent fi bres. 

• 1 Grey matt er of the spinal segment 
   • 1.1 Anterior horn (cornu anterius) – the cell bodies (perikarya) of the somatomotor neurones 
   • 1.2 Lateral horn (cornu laterale) – the cell bodies of the visceromotor neurones
   • 1.3 Intermediate zone (zona intermedia) – the cell bodies of the viscerosensory neurones
   • 1.4 Posterior horn (cornu posterius) – the cell bodies of the somatosensory neurones 
  2 Spinal nerve
     2.1 Rootlets (fi la radicularia)
       • 2.1.1 Anterior root (radix anterior/ventralis) – emerges from the anterolateral groove (sulcus anterolateralis) 
       • 2.1.2 Posterior root (radix posterior/dorsalis) – emerges from the posterolateral groove (sulcus posterolateralis)
       • 2.1.3 Spinal ganglion (ganglion sensorium nervi spinalis) – a sensory ganglion within the posterior root 
   • 2.2 Trunk of spinal nerve (truncus nervi spinalis) 
       • 2.2.1 Anterior branch (ramus anterior) – innervates the anterior part of the trunk and limbs 
       • 2.2.2 Posterior branch (ramus posterior) – innervates the back
       • 2.2.3 Meningeal branch (ramus meningeus) – innervates the spinal dura mater 
       • 2.2.4 White ramus communicans (ramus communicans albus) 
            – a branch of the spinal nerve going to the sympatheti c ganglion 
            – contains preganglionic and aff erent fi bres, which either transmit signals to other neurones
             and leave the ganglion as the grey ramus communicans (ramus communicans griseus), 
             interganglionic branches or pass through the ganglion and conti nue as the splanchnic nerves (nn. splanchnici)
• 3 Ganglion of sympatheti c trunk (ganglion trunci sympathici) 
   – the synapse between pre and postganglionic neurons in the sympatheti c ganglia
   – in contrast to parasympatheti c ganglia, a signifi cant amount of signal divergence occurs
    (as one preganglionic neuron connects to several postganglionic neurons) 
   • 3.1 Grey ramus communicans – originates from the sympatheti c ganglion
        and merges into the spinal nerve containing postganglionic fi bers
• 4 Intervertebral foramen (foramen intervertebrale) – the exit for the spinal nerve 
  5 Fibres according to their functi on in the peripheral nerve
   • 5.1 Somatomotor fi bres – regulate movements and tension in skeletal muscles
     5.2 Visceromotor fi bres – parti cipate in the regulati on of acti vity of smooth muscle cells, myocardial cells and glands
       • 5.2.1 Preganglionic fi bers (C8–L3, S2–S4) – join the ganglia of the sympatheti c trunk via the white rami communicantes
       • 5.2.2 Postganglionic sympatheti c fi bers (C8–L3) – emerge from the ganglia of the sympatheti c trunk 
            – rejoin the spinal nerves via the grey rami communicantes 
            – other fi bres give rise to the sympatheti c trunk or leave the ganglia independently
         5.2.3 Postganglionic parasympatheti c fi bers (S2–S4)
            – do not synapse in the ganglia of the sympatheti c trunk
   • 5.3 Somatosensory fi bers – transfer informati on from mechanoreceptors, 
        exteroreceptors, proprioceptors and termoreceptors on the body surface
   • 5.4 Viscerosensory fi bers – transfer informati on from baroreceptors, chemoreceptors
        and receptors inside  the internal organs (wall tension, special receptors for pain and chemical sti muli) 

1.41.3 5.3

5.1

5.4

3.1
3

1.1 1.2
2.1.1

2.1.2

2.2.1
2.2.3

2.2.4

2.2.2

5.2.2
5.2.1

2.1.3
4

2.2

Scheme of the spinal nerve Scheme of the spinal nerve
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Peripheral nervous systemRefl ex arc1.2

A mixed nerve (nervus mixtus) 
contains several diff erent types of 
nerve fi bres. Most nerves are mixed 
nerves and contain somatomotor, 
somatosensory, visceromotor and 
viscerosensory fi bres.

Examples of purely sensory cutane-
ous nerves: saphenous nerve, sural 
nerve and lateral cutaneus nerve of 
the forearm. 

The stretch (myotati c) refl ex is a 
monosynapti c refl ex. The aff erent 
limb originates in the muscle spin-
dle, travels in the spinal nerve and 
posterior root, enters the spinal 
cord and synapses on an alpha mo-
tor neurone in the anterior horn. 
The eff erent limb (the alpha motor 
neurone) travels to the neuromus-
cular juncti on and synapses on a 
muscle. Transecti on of a peripheral 
nerve will abolish its corresponding 
refl ex, resulti ng in arefl exia. Damage 
to the spinal cord above a refl ex arc 
results in destructi on of inhibiti ng 
impulses from higher neuronal cen-
tres, resulti ng in hyper-refl exia.

Polysynapti c refl ex arcs contain one 
or more interneurons between the 
aff erent and eff erent limbs. 

Muscles originate from the seg-
mentally organised somites. Each 
somite gives rise to muscle ti ssue 
(myotome), part of the skeleton 
(sclerotome) and an area of skin 
and subcutaneous ti ssue (dermat-
ome). Each somite is innervated by 
one segment of the spinal cord. The 
structures that the somite diff eren-
ti ates into retain this innervati on as 
they mature and migrate to form 
diff erent parts of the body. The my-
otome divides into an epaxial and a 
hypaxial division. The epaxial mus-
cles are located posterior to the ver-
tebral column and are innervated by 
the posterior branches of the spinal 
nerves. The hypaxial muscles are 
located ventral to the vertebral col-
umn and are innervated by the an-
terior branches of the spinal nerves. 
The musculature of the limbs origi-
nates from the hypaxial division; 
thus, all plexuses are derived from 
the anterior branches of the spinal 
nerves

Sensory radicular area (area radicu-
laris sensoria) is the area of the skin 
(dermatome) innervated by one 
posterior spinal root.

Motor radicular area (area radicu-
karis motoria) is the muscles (my-
otome) that are innervated by one 
anterior spinal root.

Dermatome (area nervina) is the 
area (peripheral nerve fi eld) inner-
vated by one peripheral nerve.

– react to changes in the external and internal environments
– transduce these changes to acti on potenti als, which pass informati on to the CNS 
Division according to the locati on of the sti mulus:
1 Exteroreceptors – receptors that react to sti muli in the external environment 
2 Interoreceptors – receptors that react to sti muli in the internal environment
 2.1 Proprioceptors – receptors located in muscles, tendons and joint capsules that provide 
    informati on about the locati on of diff erent parts of the body
 2.2 Visceroreceptors – receptors located in the internal organs and vessels 

Division according to the nature of the sti mulus:
1 Mechanoreceptors – react to mechanical sti muli (touch, pressure, vibrati on, stretch)
2 Chemoreceptors – react to chemical sti muli
3 Thermoreceptors – react to temperature
4 Photoreceptors – react to light

Receptors

– conduct signals from receptors to the CNS 
– are formed by axons of sensory neurons
– their cell bodies are located outside the CNS in the dorsal root ganglia
1 Somatosensory (somati c sensory) – transfer signals from receptors
  in the skin and structures of the locomotor system
2 Viscerosensory (visceral sensory) – transfer signals from visceroreceptors in the internal organs 
3 Special sensory – carry signals from the special sense organs
  (vision, hearing, moti on and balance, smell and taste) 

Aff erent (centripetal) pathways 

Eff erent (centrifugal) pathways

– transmit impulses from the CNS to eff ector organs in the periphery through eff erent neurones
– the eff erent neurone is the (somatomotor or visceromotor) lower motor neuron 
– the cell body of the eff erent neuron is located in the spinal cord, 
 its axon leaves the CNS to form the motor part of the peripheral nerve
1 Somatomotor tracts – innervate striated muscle
2 Visceromotor tracts – innervate smooth muscles and glandular cells

The nervous system constantly monitors changes of external and internal environ-
ments. A refl ex is a physiological phenomenon that occurs in response to a change in 
the internal or the external environment. The refl ex arc provides the anatomical basis 
for a refl ex. It consists of a peripheral receptor, which transmits a signal to the CNS, 
where the signal is processed and a command is given to an eff ector organ. Refl ex arcs 
may contain a various number of synapses. The simplest refl ex arc is the monosynapti c 
refl ex, which consists of two neurones: an aff erent sensory neurone and a eff erent mo-
tor neurone.

– an organ or a ti ssue executi ng the commands of the CNS
1 Muscle cells – contracti on of skeletal muscles (somatomotor / somati c motor)
  myocardial and smooth muscles (visceromotor / visceral motor) 
2 Glands – secreti on (sweat, saliva, tears 
  and glands of hollow organs) 

Eff ectors

• 1 Receptor
• 2 Aff erent branch 
• 3 Neurons within the CNS
• 4 Eff erent branch
• 5 Eff ector

1 2

3

5

4

The refl ex arc
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– are thinner and shorter than the anterior branches
– innervate the posterior (epaxial) part of the trunk 
– provide motor innervati on for the epaxial muscles of the back 
– provide sensory innervati on for the skin of the nape, back and butt ocks 
– retain segmental organisati on 

• 1 Suboccipital nerve (nervus suboccipitalis) – the posterior branch of C1
   – a purely motor nerve for the suboccipital
    muscles and the semispinalis capiti s
• 2 Greater occipital nerve (nervus occipitalis major) 
   – the posterior branch of C2 
   – a purely somatosensory nerve for the skin posterior to the
    interauricular line (a line joining the auricles in the frontal plane)
• 3 Third occipital nerve (nervus occipitalis terti us) 
   – the posterior branch of C3
   – a purely somatosensory nerve innervati ng a narrow area
     of the skin medial to the greater occipital nerve 
  4 Superior clunial nerves (nervi clunium superiores)
   – the posterior branches of L1 to L3
   – provides somatosensory innervati on of the superior gluteal region 
  5 Middle clunial nerves (nervi clunium medii)
   – the posterior branches of S1 to S3
   – provides somatosensory innervati on of part of the gluteal region 

– are longer and thicker branches than the posterior branches
– provide both motor and sensory innervati on
 of the limbs and the hypaxial part of the trunk 
– provide motor innervati on of the muscles of the anterior abdomen, 
 thorax and neck (except for the suprahyoid muscles)
– provide sensory innervati on of the skin on the anterior
 aspect of the abdomen and thorax 

• 1 Cervical plexus (plexus cervicalis) – C1 to C4
• 2 Brachial plexus (plexus brachialis) – C4 to T1 
• 3 Thoracic nerves (nervi thoracici) – T1 to T12 
• 4 Lumbar plexus (plexus lumbalis) – T12 to L4
• 5 Sacral plexus (plexus sacralis) – L4 and L5 and S1 to S4
  6 Coccygeal plexus (plexus coccygeus) – S5 and Co

Posterior branches of the spinal nerves 

Anterior branches of the spinal nerves

Spinal nerves

There are 31 pairs of spinal nerves. Aft er leaving the intervertebral foramen, the spinal nerve divides into two main 
branches: the posterior branch (ramus posterior) and the anterior branch (ramus anterior). Both branches contain af-
ferent and eff erent fi bres. The posterior branches retain segmental organisati on and provide motor innervati on of the 
epaxial muscles of the back and the sensory innervati on of the nape, back and butt ocks. The anterior branches form 
plexuses (plexus nervosi) for the limbs and retain segmental organisati on only in the thoracic nerves (nervi thoracici). 

1 Cervical nerves (nervi cervicales) C1 to C8
 – 8 pairs of cervical nerves, which innervate the skin
  and muscles of the upper limbs, head and neck 
2 Thoracic nerves (nervi thoracici) T1 to T12
 – 12 pairs of thoracic nerves, which innervate the intercostal muscles,
  skin and muscles of the back and thorax 
3 Lumbar nerves (nervi lumbales) L1 to L5
 – 5 pairs of lumbar nerves, which innervate the muscles and skin
  of the abdomen, thighs and skin of the genital organs
4 Sacral nerves (nervi sacrales) S1 to S5
 – 5 pairs of sacral nerves, which innervate the skin and muscles of the lower extremiti es 
5 Coccygeal nerve (nervus coccygeus) Co
 – 1 pair, rudimentary in humans

3
2

1

1

2

3

4

5

Suboccipital triangle and occipital nerves,
posterior view

Anterior branches of the spinal nerves
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Peripheral nervous systemCervical plexus – Plexus cervicalis (C1–C4)2.1

The cervical plexus consists of spinal nerves C1 to C4 and is located in the lateral cervi-
cal region. It produces both sensory and motor nerves. The sensory nerves reach the 
skin through the the nerve point (punctum nervosum), a gap in the superfi cial cer-
vical fascia located approximately half-way along the posterior margin of the sterno-
cleidomastoid. The motor nerves innervate the anterior group of cervical muscles. The 
phrenic nerve passes through the mediasti num and innervates the diaphragm. 

• 1 Lesser occipital nerve (nervus occipitalis minor) – C2 to C3
   – a somatosensory nerve, which travels along the posterior margin 
    of the sternocleidomastoid in a cranial directi on
   – innervates the lateral part of the nape region
• 2 Great auricular nerve (nervus auricularis magnus) – C2 to C3
   – a somatosensory nerve, which travels along the sternocleidomastoid muscle 
    in a cranial directi on
   2.1 Anterior branch (ramus anterior) – innervates the skin over
      the anterior part of the auricle of the inferior part in the paroti deomasseteric region
   2.2 Posterior branch (ramus posterior) – innervates the skin of 
      the posterior part of the auricle and the mastoid region 
• 3 Transverse cervical nerve (nervus transversus colli) – C3
   – runs ventrally across the sternocleidomastoid muscle
   3.1 Superior branch (ramus superior) – innervates the skin of the suprahyoid region 
     • 3.1.1 Superfi cial ansa cervicalis (ansa cervicalis superfi cialis) 
          – a loop forming a connecti on with the cervical branch of the facial nerve 
           (ramus colli nervi facialis), which carries motor fi bres for the platysma 
   3.2 Inferior branch (ramus inferior) – innervates the skin of the infrahyoid region 
• 4 Supraclavicular nerves (nervi supraclaviculares) – C3 to C4
   – three groups of sensory nerves 
   – pass superfi cially over the clavicle giving off  branches in a caudal directi on 
   4.1 Medial supraclavicular nerves (nervi supraclaviculares mediales)
     – innervate the skin over the manubrium
   4.2 Intermediate supraclavicular nerves (nervi supraclaviculares intermedii)
     – innervate the skin of the infraclavicular region (regio infraclavicularis) 
   4.3 Lateral supraclavicular nerves (nervi supraclaviculares laterales)
     – innervate the skin of the acromial region (regio acromialis) 

• 5 Nerve point (punctum nervosum) – the point where the sensory cervical nerves
    pass through the superfi cial layer of the cervical fascia, emerging dorsally
    to the sternocleidomastoid muscle

Somatosensory branches

The hypoglossal nerve joins and 
travels with the superior root of the 
deep ansa cervicalis (radix superior 
ansae cervicalis profundae). How-
ever, it does not parti cipate in the 
motor innervati on of the infrahyoid 
muscles.

1
2

3.1

3.2
3

3.1.1

5

4

4.1
4.2

4.3

Somatosensory branches of the cervical plexus

Clinical notes
Surgical procedures in the area 
of the caroti d bifurcati on require 
very careful precision not to injury 
the motor branches of the cervical 
plexus. 

The phrenic nerve must not be 
harmed when opening the pericar-
dium during heart surgery. 

Phrenic nerve irritati on results in 
twitches of the diaphragm causing 
hiccups (singultus). 

Unilateral damage to the phrenic 
nerve leads to ipsilateral paresis of 
the diaphragm and unilateral res-
piratory impairment. 

Transverse lesions of the spinal cord 
above C4 oft en lead to respiratory 
arrest. This is common in vertebral 
column trauma. 
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