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FIGURE 6.1. Segments and bones of upper limb. The upper limb is
divided into four main segments: shoulder, arm, forearm, and hand.
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Upper limb movements
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FIGURE 6.53. Scapular movements. Scapula moves on the thoracic wall at the conceptual “scapulothoracic joint.” Dotted lines, the starting position of

each movement.
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Glenohumeral Joint
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Glenohumeral Joint

posterior < - Anterior

Broad movement
Reduced skeletal stability

Enhanced muscular,
ligamentous, and indirect
skeletal stability

— Biceps tendon
— Glenoid labrum

— Fibrous joint capsule
membrane

— Acromion and coracoid |
— Rotator cuff muscles
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Glenohumeral Joint

Broad movement posterior < - Anterior
Reduced skeletal stability L.

Enhanced muscular,
ligamentous, and indirect
skeletal stability

— Biceps tendon
— Glenoid labrum

— Fibrous joint capsule
membrane
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Glenohumeral joint

Broad movement posterior < —>Anterior
N Supraspinatus
Reduced skeletal stability

Enhanced muscular,
ligamentous, and indirect
skeletal stability

— Biceps tendon
— Glenoid labrum

— Fibrous joint capsule
membrane

— Acromion and coracoid
— Rotator cuff muscles

Infraspinatus

_ Subscapularis
Teres minor
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Elbow Joint
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Elbow Joint

Anterior View
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Elbow Joint
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Upper limb movements
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Upper limb movements
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Upper limb movements

Abduction

Abduction

Insertion into
dorsal hood

Insertion into
base of
metacarpal

First dorsal
interosseous

Radial artery
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dorsal expansion

First palmar
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Innervation of the Upper Limb

4- and 5- week human embryos

Limbs develop on the ventral (anterior) side of an embryo




Epaxial vs. Hypaxial
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Epaxial vs. Hypaxial

Epi = above or over

Vertebral column = body axis

Hypo = below or under
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Epaxial vs. Hypaxial

Epaxial = muscle above the axis

Vertebral column = body axis

Hypaxial = muscle below the axis




Epaxial vs. Hypaxial

Epaxial muscles
- innervated by dorsal (posterior) rami
of spinal nerves

Hypaxial muscles
- innervated by ventral (anterior) rami
of spinal nerves




Limbs Develop on the
Hypaxial = Ventral = Anterior
Side of the Trunk

Posterior rami to epaxial muscles
* Most of the muscles that Including erector spinae et al.

attach to the girdle and
limb are hypaxial
muscles

« Thus, they are innervated
by branches of anterior
rami of spinal nerves

« EXxceptions are the
trapezius and SCM that
are not hypaxial muscles Sy

) ypaxial muscles
and are innervated by including the upper and
cranial nerve Xl lower limb muscles

Epaxial

Hypaxial

Anterior rami to




Trapezius and Sternocleidomastoid

Only muscles acting directly on the upper limb
that are not innervated by branches of anterior
primary rami of spinal nn.

Trapezius

Copyright £ 2005 by Elsewvier, inc.
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Limbs have posterior and anterior
“halves” relative to their internal axis

Limb girdle with Sosterior i

. . osterior i
posterior and anterior - es and nerve
elements branches \

Limb skeleton in plane
of separation

Nerves with dorsal and
ventral divisions

Muscles in posterior
(extensor) and anterior
(flexor) groups

Anterior limb muscles
and nerve branches

Bones in central
plane of the limb



Limb innervation

e Limbs are multi-segmental

e They are supplied by multiple nerve segments

Drake - Gray’s Anatomy for Students 2" ed.



Anterior rami

The Brachial Plexus

Ccé6

Cc7
Axillary nerve

C8
Musculocutaneous nerve

T1

Radial
nerve

Dorsal scapular nerve
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FIGURE 6.23. Schematic illustrations of brachial plexus.

Randy Travis [ rinks Cold (Root) Beer

Randy Travis
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Upper Limb: Major Branches

Axillary n.

Deltoid, Teres minor and
Long head of triceps

Musculocutaneous n.

Anterior compartment of arm

Radial n:

All Muscles of posterior
compartment of arm
(except LHT) and
forearm. There are no
posterior muscles in
hand.

/' Median n.

Most Muscles of anterior
compartment of forearm;
thenar muscles in hand

Ulnar n.

Most Muscles of anterior hand;
fl.carp.ul. and medial %2
fl.dig.prof in anterior forearm
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The Brachial Plexus o et s

Rhomboids,
Levator scapulae

Long Thoracic n.
Serratus Anterior

Subclavius

Lat. Pectoral n.

= y.
Pectoralis Major

Med. Pectoral n. | ’

2nd Part Ax. A.

Pectorales Maj. et Min. |

AXILLARY Sup. Subscapular n.

Subscapularis

It can be helpful to
7 /N organize the distal
7/ 4 L. IR motor branches of the

/4 Latissimus Dorsi

¥/ /) brachial plexus into

/
/
v/' /4
/

MUSCULOCUTANEOUS _ZQ/
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Muscles of the Shoulder

Latissimus dorsi

Origin: spinous processes of T6-L5 and
sacrum, iliac crest, & ribs 10 to 12

Insertion: intertubercular sulcus of
humerus

Innervation: Thoracodorsal nerve (C6-C8)

Action: Extends, adducts and medially
rotates the humerus.

Copyright £ 2005 by Elsavier, Inc.
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Muscles of the Shoulder

Levator scapulae

Origin: Transverse process of C1 to C4
Insertion: Upper medial border of scapula

Innervation: C3, C4 & Dorsal scapular nerve (C4,C5)

Action: Elevates scapula

Rhomboid minor and major

Origin: Ligmentum nuchae and spinous processes of
C7to TS5

Insertion: medial border of scapula

Innervation: Dorsal scapular nerve (C4,CS)

Action: Adducts, elevates and rotates scapula

Copyright © 2005 by Elsevier, Inc



Muscles of the Shoulder

Deltoid

Origin: spine of scapula, acromion and
lateral third of the clavicle

Insertion: Deltoid tuberosity of the humerus

Innervation: Axillary nerve (CS, C6)

Action: Abducts humerus
(15-90° abduction of arm)

Deltoid

Drake — Gray’s Anatomy for Students



Muscles of the Shoulder

Rotator Cuff Muscles

Suprascapular notch (foramen)

Supraspinatus

Supraspinatus

S Origin: Supraspinous fossa

Surgical neck of humerus

Medial lip of

itenubercular s Insertion: Greater tubercle of humerus

Quadrangular space

Innervation: Suprascapular n. (C5, C6)

Triangular interval
Teres major

Long head of triceps brachii

Action: abducts arm (below 15°)

Cut edge of lateral head of triceps brachii

Olecranon

Drake — Gray’s Anatomy for Students



Muscles of the Shoulder

Rotator Cuff Muscles

Supraspinatus

Suprascapular notch (foramen)

Cut edge of deltoid

=2 Infraspinatus

Infraspinatus

Teres minor

Origin: Infraspinous fossa
euberclr s Insertion: Greater tubercle of humerus
Quadrangular space

Triangular interval
Teres major

Long head of triceps brachii

Innervation: Suprascapular n. (C5, C6)

Action: Lateral rotation of humerus

Cut edge of lateral head of triceps brachii

Olecranon

Drake — Gray’s Anatomy for Students



Muscles of the Shoulder

Rotator Cuff Muscles

Supraspinatus

Suprascapular notch (foramen)

Cut edge of deltoid

—— Teres Minor

Infraspinatus

Teres minor Origin: lateral part of Infraspinous fossa
euberclr s Insertion: Greater tubercle of humerus
Quadrangular space

Triangular interval
Teres major

Long head of triceps brachii

Innervation: Axillary n. (C5, C6)

Action: Lateral rotation of humerus

Cut edge of lateral head of triceps brachii

Olecranon

Drake — Gray’s Anatomy for Students



Muscles of the Shoulder

Rotator Cuff Muscles

Subscapularis

Origin: subscapular fossa of the scapula

Insertion: Lesser tubercle of humerus

Teres major Subscapularis

Innervation: Upper and lower subscapular
nn. (C5 - C7)

Action: Medial rotation of arm

Latissimus dorsi

Drake — Gray’s Anatomy for Students



Muscles of the Shoulder

Suprascapular notch (foramen)

Teres major

Supraspinatus

S Origin: posterior surface of inferior
Surgca nock o hmerus triangle of the scapula

Medial lip of
intertubercular suicus

Quackanguiar space Insertion: Medial side of lesser tubercle
on anterior side of humerus

Triangular interval

Teres major

Long head of triceps brachii

Innervation: Inferior subscapular n.
(C5-C7)
Action: Medial rotation and extension
of humerus

Olecranon

Drake — Gray’s Anatomy for Students



Muscles of the Shoulder

Clavipectoral triangle

Cephalic vein

Pectoralis Major

Deltoid

Pectoralis major

Sternocostal part

Origin: anterior, medial half of clavicle;
anterior surface of sternum; costal cart. 1-7;
rib 6; and aponeurosis of external oblique

Insertion: intertubercular sulcus of
humerus (lateral lip)

Innervation: Medial and lateral pectoral
nerves (C5-T1)

Action: Flexion, adduction and medial Copyi 200 by Esover, .
rotation of humerus. Extension of flexed
arm (sternocostal part only)

Drake — Gray’s Anatomy for Students



Muscles of the Shoulder

Cephalic vein Subclavius

Pectoral branch of thoraco-acromial artery

* Lateral pectoral nerve
Pectoralis mino

Clavipectoral fascia———

Pectoralis major

Pectoralis Minor * ectpc

Attachment of fascia
to floor of axilla

Origin: anterior surfaces and superior
borders of ribs 3 to 5

Insertion: Corocoid process of scapula

Innervation: Medial pectoral nerve (C6-C8)

Action: Inferior rotation of scapula
(= Rotates glenoid fossa inferiorly),
protracts scapula

Pectoralis major

Copyright © 2005 by Elsevier, Inc.
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Muscles: Trunk to Girdle

Serratus anterior m.

Long thoracic nerve

Y
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Lateral thoracic artery
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Serratus anterior
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e
S
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S
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-
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-
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Origin: surface of upper 8 or 9 ribs and facia
of intercostal muscles
Insertion: Medial border of scapula

Innervation: Long thoracic nerve (C5-C7)

Action: Protracts scapula, holds scapula to

body wall

......



Compartments of Upper Limb

Medial Deep fascia Lateral
Humerus — — Skin
Anterior (flexor compartment) —
Posterior (extensor compartment) ——
] — |Intermuscular
Y. septa
— Deep
Anterior (flaxor compartment) —— fascia
Thenar Radius
aminence
Ulna —
e |NtErosSEOUS
_ membrane
Posterior (extensor compartment)
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Anterior Compartment of Arm

Transverse humeral ligament

Biceps (short head)

Long head of biceps
brachii muscle

Biceps (long head)

Short head of biceps
brachii muscle

Coracobrachialis

Brachialis

Bicipital aponeurosis (cut)

Tuberosity of ulna

Muscles of the anterior compartment of the arm are

mostly innervated by the musculocutaneous n. Drake - Gray's Anatomy for Students 2% ed.



Posterior Compartment of Arm

Muscles in the posterior
compartments of arm AND forearm
are innervated by radial n.

Copynght © 2008 by Elnewer, nc
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Compartments of the forelimb

L M

Anterior

Idealized Left Arm

Median n Ulnar n

As you look down at your left
ClbOW in anatomical position .................... s s J—

Radius

Radial n

Brachioradialis
& supinator
Median n

Ulnar n

Actual Left Arm

As you look down at your left

elbow in anatomical position: a
clockwise rotation
L Radius Ulna M

Posterior




Compartments of the forelimb

Anterior right limb

Posterior left imb

Anterior

Posterior




Innervation of the Forearm

Anterior compartment Posterior compartment

. . . . I . .
Anterior view Anterior view Posterior view

Median 1 — Ulnar | j— Radial
™, herve ! “ nerve | nerve

Br

ECRL
ECRB
PL Posterior
interosseous
nerve

Anterior

interosseous
herve ECU
FFL FDS 3
EDM ABP

\ ED~ LY M1 cpp
FDP

(medial EPL
half to

digits El
3, 4)

PQ—

FDP
(lateral half to
digits 2, 3)

.

(A) Median nerve (B) Ulnar nerve (C) Radial nerve
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Anterior Compartment of the Arm — Mostly Median n.

Median
nerve

Brachioradialis

Radial Supinator —

Pronator

Radial e
digitorum
Flexor carpi profundus
ulnaris
Flexor carpi Ulnar Part ulnar
radialis Flexor
digitorum pollicis
superficialis longus
Flexor J —— Pronator
pollicis L quadratus :
Flexor — &/ . e—1
retinaculum ! -
I’ 2
—5+w — Palmar \
aponeurosis

(A) (B) ; ©) (D)

FIGURE 6.31. Muscles of anterior compartment of forearm. A. First layer. B. Second layer. C. Third layer. D. Fourth layer.
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Intrinsic Muscles of Hand — Mostly Ulnar n.

4th lumbrical

Skin (Grayson)
ligaments

1st and 2nd

lumbricals
/ \ \ \
¢ l

/

Interossei

Median \ \ Adductor
\ _ pollicis:
Abductor digiti — Adductor \ ey b 4 _. q Transverse
minimi (1) pollicis ;

Flexor digiti

minimi (2) Flexor pollicis

Opponens digiti longus (4)
minimi (3) Flexor pollicis
Ulnar nerve: brevis (5)

Superficial ——— =1

Deep branch
branch

of ulnar nerve

Opponens
pollicis (6)

E;i%h Abductor pollicis aDrecip palmar
Pisiform Ll — Ulnar artery
Flexor s 23 F{fecurrc_ant branch 1 7 ——Trapezium
retinaculum (FR) of median nerve J—Radial artery
(A) Arrow passing through (B)

carpal tunnel

FIGURE 6.49. Muscles and nerves of hand and deep palmar arch. A. Distribution of median and ulnar nerves. B. Deep dissection showing muscles,
nerves, and deep palmar arch.
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Sensory Innervation

e Dermatomes make sense from a developmental perspective

e Arranged superior to inferior in sequence in an arc following
the central axis of the limb

Cranial Ventral axial lines

Anterior aspect

Caudal



[— Pre-axial = Postaxial ]

cs/

Posterior view

FIGURE 6.11. Segmental (dermatomal) innervation. A and B. The pattern of segmental innervation proposed by Foerster (1933). Cand D. The pattern
of segmental innervation proposed by Keegan and Garrett (1948). Moore — Cllnlcally Oriented Anatomy




(A) Anterior view

Supraclavicular
nerves (C3, C4)

. P ——
Superior lateral ‘

cutaneous nerve of \'
arm (cutaneous branch
of axillary nerve) (C5, C6)

Inferior lateral cutaneous
nerve of arm (C5, C6)

Posterior cutaneous nerve
of forearm (C5—-C8)

Lateral cutaneous nerve
of forearm (C6, C7)
(cutaneous branch of
musculocutaneous nerve)

Posterior cutaneous —— |

nerve of forearm

Posterior

Lateral cutaneous | Pranch

nerve of forearm Anterior

branch

Radial nerve,
superficial branch (C6-C8)

Radial nerve,
superficial
Palmar branch
cutaneous
branches | Median nerve

Ulnar nerve

FIGURE 6.12. Peripheral (cutaneous) innervation of upper limb.

Intercostobrachial
nerve (T2)

Medial cutaneous nerve
of arm (C8-T2)

Posterior cutaneous
nerve of arm (C5-C8)
(cutaneous branch
of radial nerve)

Medial cutaneous nerve
of forearm (C8, T1)

Posterior branch

Anterior branch

Dorsal (cutaneous) branch
of ulnar nerve (C8, T1)

—= Ulnar nerve
(C8, T1)

mmm Radial nerve
(C6-C8)

m== Median nerve
(C6—-C8)

(B) Posterior view

Supraclavicular
nerve (C3, C4)

Superior lateral
cutaneous nerve of arm
(cutaneous branch

of axillary nerve)

Inferior Iateral\

cutaneous

nerve of arm | Cutaneous
branches

Posterior of radial

cutaneous nerve

nerve of

forearm

Lateral cutaneous
nerve of forearm,
posterior branch

. Radial nerve,
superficial branch
\ )\

Al
y

)\
/ \\

uﬂ)')

2

Peripheral (cutaneous nerve)
innervation of skin
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Dermatome Maps vs Peripheral Nerve Maps

| — |
Median nerve
(Ce-C8) Palmar
— cutaneous
Radial nerve branches:
(Ce-C8) Ulnar nerve
cxoperd .
Ulnar nerve Median nerve
(C8, T1)

Radial nerve,
superficial

Dorsal (cutaneous) Bafich
ranc

branch of ulnar
nerve (C8, T1)

Medial cutaneous
nerve of forearm

*' d Radial nerve,

superficial branch
(C6-C8)

l\ Lateral cutaneous
nerve of forearm

(A) Posterior views (B) (©) Anterior views (D)

Posterior cutaneous
nerve of forearm

FIGURE 6.50. Cutaneous innervation of hand. A and D. Segmental (dermatomal) innervation. B and C. Distribution of peripheral cutaneous nerves.

It is important to understand that peripheral nerves contain fibers from multiple
spinal cord levels and nerve maps are not the same as dermatomes

Moore — Clinically Oriented Anatomy



Testing Nerves of the Upper Limb

Avulsion - spinal nerve torn from spinal cord
Rupture - spinal nerve torn beyond CNS

Neuroma - spinal nerve torn and partially healed

Neuropraxia - spinal nerve stretched and damaged
(most common)



Testing Nerve Function

Symptoms

Anesthesia - Loss of Sensation
Paresthesia — Abnormal sensations e.g., “Pins and Needles”
Paralysis - Loss of Motor Control & Abnormal Limb Postures

If damage is at level of spinal nerve
- both anesthesia and paralysis
- effects entire dermatome and myotome

If damage is more peripheral
- effects more localized region
- may only include anesthesia or paralysis
- can include parts of dermatomes and myotomes
of multiple spinal nerves



Dermatomes — Spinal nerves

« Dermatomes overlap
« Minimal areas of overlap (used
for testing):
— C5 — upper lateral arm
— C6 — Pad of thumb (I)
— C7 — Pad of middle finger (lll)
— C8 — Pad of little finger (V)
— T1 — Medial elbow

Evaluation of derma- and myotomes may provide important information about
potential breathing problems that may develop (C3-5 is phrenic nerve!)
Drake - Gray’s Anatomy for Students 2" ed.



Testing Nerves of the Upper Limb

Myotomes

Flexion of elbow \\ ,

C(5)6

Adduction and

abduction of digits
T

C(8)7(8) \
K
|

© Elsevier. Drake et al: Gray's Anatomy for Students - www.studentconsult.com



Testing spinal level deficits

/Arm movement  |Muscle IRoot [Nerve
Shoulder abduction |Deltoid C5 |Axillary
Elbow flexion Biceps C5/6 |Musculocutaneous
Brachioradialis C6 |Radial
Elbow extension Triceps C7 |Radial
Radial wrist Extensor carpi radialis longus C6 |Radial
extensor
Finger extensors Extensor digitorum C7 |Posterior
interosseous
Finger flexors Flexor pollicis longus & flexor digitorum C8 | Anterior interosseous
profundus
Index
Flexor digitorum profundus Ulnar
Ring & little
Finger abduction First dorsal interosseous T1 |Ulnar
Abductor pollicis brevis T1 |Median




Testing Nerves of the Upper Limb

Brachial plexus injuries

- Upper brachial plexus injuries (Erb-Duchenne palsy)
- Damage to root of C5 and C6

- Traumatic lateral neck bending
- during childbirth
- from fall on shoulder

- Paralysis or weakness of shoulder and arm
- Deltoid, biceps, brachialis and brachioradialis
- “Waiter’ s tip” position
- adducted and medially rotated arm
- extended elbow



Testing Nerves of the Upper Limb

Brachial plexus injuries

Upper brachial plexus injuries (Erb-Duchenne palsy)

Waiter’ s Tip Position
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Testing Nerves of the Upper Limb

Brachial plexus injuries

- Lower brachial plexus injuries (Klumpke Palsy)
- Damage to roots of C8 and T1
- From traumatic hyper-abduction of arm
- childbirth
- Spiderman (?)
- Paralysis or weakness of most intrinsic muscles of hand
- results in “Claw hand”
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Testing Nerves of the Upper Limb

Accessory n.

Test trapezius function
- elevate scapula (shrug) against resistance while
palpating superior border of muscle

Levator scapulae

Rhomboid minor

(Trapezius)
Rhomboid major

»
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Testing Nerves of the Upper Limb

Axillary Nerve

Common Causes

- Fracture of surgical neck of humerus
- Dislocation of glenohumeral joint

- Improper use of crutches

- Intramuscular injections

\\

Sensory
- loss of sensation on lateral shoulder \ {7 , >

- superior lateral cutaneous n. of arm \

Moore — Clinically Oriented Anatomy



Testing Nerves of the Upper Limb

Axillary Nerve

Motor
- paralysis of deltoid
- atrophy of deltoid

Figure 6.20. Testing deltoid muscle. The examiner re-
sists the patient’'s abduction of the limb by the deltoid. If the
deltoid is acting normally, contraction of the middle part of the
muscle can be palpated.
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Testing Nerves of the Upper Limb

Musculocutaneous nerve

Transverse humeral ligament

nl s Long head of biceps —
N/ brachii muscle gy
y i i
I Short head of biceps o A
brachii muscle :
c S Motor 71
y -

Coracobrachialis 1 joint

Biceps long
head 2 joints

Biceps short
head 2 joints

and brachialis
- weak elbow flexion and
forearm supination

Brachialis muscle

Bicipital aponeurosis (cut)

Tuberosity of ulna

Sensory
- Loss of sensation on lateral
surface of forearm
- Lateral cutaneus n. of forearm
Drake - Gray’s Anatomy for Students 2" ed.



Testing Nerves of the Upper Limb

Bicipital Reflex

Moore — Clinically Oriented Anatomy

Tests musculocutaneous n. and C5,C6 spinal nerves



Testing Nerves of the Upper Limb

Radial nerve

Motor

- Triceps, brachioradialis, supinator
and extensors of wrist and fingers
- “Wrist drop” - patient unable to extend wrist

- if lesion is beyond humerus, triceps not effected

Sensory

- Loss of sensation on lateral eloow, posterior
forearm and dorsum of hand

- Inferior lateral cut. n. of arm, post. cut. n. of
forearm, and superficial branch of radial nerve

Figure B6.17. Wrist-drop.
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Testing Nerves of the Upper Limb

Median nerve

Motor

- Finger and wrist flexors (most), thenar muscles
and 1st and 2nd lumbricals

- Can’ t flex proximal IP joints of digits 1-3

- Can’ t flex distal IP joints on digits 2 and 3

- “Benediction hand” when attempting to make fist
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Testing Nerves of the Upper Limb

Median nerve

Sensory

- loss of sensation in
lateral palm and tips of
digits 1-3

Palmar branch of median
nerve from forearm

Palmar view
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/ Flexor pollicis brevis

/ Abductor pollicis brevis

Recurrent branch
(of median nerve)

Palmar branch
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(of median nerve) K E=
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Median nerve £ 4 —
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Dorsal view
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Testing Nerves of the Upper Limb

Ulnar nerve

Motor

- Flexor carpi ulnaris, medial part of FDP, most intrinsic hand muscles

- Wrist adduction impared

- Lateral deviation of wrist flexion

- MP joints become hyperextended
- Cannot flex digits 4 and 5 when making a fist

Sensory
- loss of sensation in medial
palm and tip of digit 5

Palmar \

digital S "-_
branches il
Palmar ':
branch :
=
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