Little Moore

Upper Limbs

Pectoral girdle (scapulae, clavicles manibrium), arm (humerus), forearm (radius, ulna), hand (carpus, metacarpus, phalanges).

Pectoral Girdle:


The clavicle connects the upper limb to the trunk.  Its sternal end articulates wit hthe manibrium of the sternum at the strenoclavicular (SC) joint.  Its acromial end articulates with the acromion of the scapula at the acromioclavicular (AC) joint.  The doubly curved clavicle serve as a strut (rigid support) keeping the limb away from the thorax so that the arm has maximum freedom of motion AND forms one of the boundries of the cervicoaxillary canal (passageway between neck and arm), affording protection to the neurovascular bundle supplying the upper limb AND transmits shocks from the upper limb to the axial skeleton.  Although it is a long bone, the clavicle has no marrow (medullary canal). It consists of spongy bone with a shell of compact bone.



Fractures of the clavicle:  The clavicle is commonly fractured.  The weakest part is at the junction of its middle and lateral thirds.  After fracture, the sternocleidomastoid muscle (SCM) elevates the medial fragment of bone.  The trapezius muscle is unable to hold up the lateral fragment, and, because of the weight of the upper limb, the shoulder drops.  The proximal part of the humerus is pulled medially by the pectoralis major, which is likely to cause over-riding of the fractured parts of the clavicle.


The glenoid cavity of the scapula articulates with the head of humerus at the glenohumoral joint.  The beak like coracoid process is superior to the glenoid cavity and projects anteriolaterally.   


The ball shaped head of humerus articulates with the glenoid cavity of the scapula.  Just distal to the humeral head, the anatomical neck of the humerus separates the head from the tubercles.  Distal to the tubercles is the narrow surgical neck of the humerus which is where the humerus narrows to become the shaft (body).  The shaft of the humerus has two prominent features, the deltoid tuberosity laterally and the radial groove for the radial nerve and deep artery of the arm posteriorly.



Because nerves are in contact with the humerus, they may be injured when the associated part of the humerus is fractured:




Surgical neck – axillary nerve




Radial groove – radial nerve




Distal humerus – median nerve




Medial epicondyle – ulnar nerve


The ulna – the stabilizing bone of the forearm – is the medial and longer of the two forearm bones.  Its proximal end has two prominent projections, the alecranon posteriorly and the coronoid process anteriorly.  The anterior surface of the olecranon forms the posterior wall of the trochlear notch, which articulates with the trochlea of the humerus.  On the lateral side of the coronoid process is a smooth, rounded concavity, the radial notch, which articulates with the head of the radius.  


The radius is the lateral and shorted bone.  Its proximal ends consists of a cylindrical head, a short neck, and an oval projection from the medial surface, the radial tuberocity.  Proximally, the smooth superior aspect of the head of radius is concave for articulation with the capitulum of humerus.  The head also articulates medially with the radial notch of the ulna.  



Fractures of the distal end of the radius is the most common fracture in persons older than 50.  In a Colles fracture, where the radius tends to break proximal to the wrist joint when a person falls with outstretched, pronated forearms, the distal fragment of the radius is displaced dorsally and often broken into pieces.  The fragments are displaced posteriorly and superiorly, overlapping and producing shortening of the radius.  Normally, the radial styloid process projects further distally than the ulnar syloid process; consequently, when a Colles fracture occurs, this relationship is reversed because of shortening of the radius.


Bones of the hand: the carpus is composed of eight carpal bones arranged in two rows of four each.  The small bones give flexibility to the wrist.  The carpus is markedly convex from side to side posteriorly and concave anteriorly.  For lateral to medial, the four bones in the proximal row of carpals are: Scaphoid, Lumate, Triquetrum, Pisiform

The distal row bones are: Trapezium, Trapezoid, Capitate, Hamate.  Between the carpals and the phalanges are 5 metacarpals.  Each digit has 3 phalanges except for the first (thumb) which only has 2.

Cutaneous nerves of the upper limb:


Dermatomal innervation of the upper limb

· C3 and C4 nerves supply the region at the base of the neck extending laterally over the shoulder

· C5 nerve supplies the arm laterally (i.e. superior aspect of the outstretched limb).

· C6 nerve supplies the forearm laterally and the thumb

· C7 supplies the middle and ring fingers and middle of the posterior surface of the limb

· C8 nerve supplies the little finger, the medial side of the hand, and the forearm

· T1 supplies the middle of the forearm to the axilla

· T2 supplies a small part of the arm and the skin of the axilla

· The cutaneous nerves to the shoulder are derived from the cervical plexus – a network of nerves arising from the anterior primary rami of the C1-4.

· Most cutaneous nerves of the upper limb are derived from the brachial plexus formed by the anterior rami of C5-T1

Cutaneous nerves of the arm and forearm:

	Nerve
	Origin
	Distribution

	Supraclavicular 
	
	Supplies skin over clavicle and superolateral aspect of the pectoralis major

	Posterior cutaneous nerve of arm
	Branch of radial nerve
	Supplies the skin on the posterior surface of the arm

	Posterior cutaneous nerve of the forearm
	Brach of radial nerve
	Supplied the skin on the posterior surface of the forearm

	Superior lateral cutaneous nerve of arm
	Terminal branch of the axillary nerve
	Supplies skin over the lower part of deltoid and on the lateral side of midarm

	Inferior lateral cutaneous nerve of arm
	Branch of radial nerve; it is frequently a branch of the posterior cutaneous nerve of the forearm.
	Supplies skin over the inferolateral aspect of the arm

	Lateral cutaneous nerve of forearm
	Terminal branch of the musculocutaneous nerve
	Supplies the skin on the lateral side of the forearm

	Medial cutaneous nerve of arm
	Arises from the medial cord of the brachial plexus, often uniting in the axilla with the lateral cutaneous branch of the 2nd intercostal nerve
	Supplies the skin on the medial side of the arm

	Intercostobrachial nerve
	Lateral cutaneous branch of the 2nd intercostal nerve from T2
	Contributes to the innervation of the skin on the medial surface of the arm

	Medial cutaneous nerve of the forearm
	Arises from the medial cord of the brachial plexus
	Supplies the skin on the anterior and medial surfaces of the forearm


Superficial vessels of the upper limb:


The main superficial veins of the upper limbs – the cephalic and basilic veins – originate in the subcutaneous tissue on the dorsum of the hand from the dorsal venous network.  Perforating veins form communications between the superficial and deep veins.  The cephalic vein ascends from the lateral aspect of the dorsal venous network, proceeding along the lateral border of the wrist and the anterolateral surface of the forearm and arm.  Anterior to the elbow the cephalic vein communicates with the median cubital vein, which passes obliquely across the anterior aspect of the lbow and joins the basilic vein.  Superiorly the cephalic vein passes between the deltoid and pectoralis major muscles and enters the deltopectoral triangle, where it pierces the clavipectorial fascia and drains into the axilary vein.  The basilic vein ascends from the medial end of the dorsal venous network along the medial side of the forearm and inferior arm.  It then passes deeply, piercing the brachial fascia to merge with the accompanying veins of the brachial artery to form the axillary vein.  The median vein of forearm ascends in the forearm between the cephalic and basilic veins and it may join the basilic vein in the cubital fossa.

Anterior Thoracoappendiular Muscles:


These are the pectoralis major, pectoralis minor, subclavius, and serratus anterior and function to move the pectoral girdle.  The pectoralis major has both a clavicular and strernocostal head.  The pec major and deltoid diverge slightly from each other superiorly and, along with the clavicle, form the deltopectoral triangle.  The pec minor stabilizes the scapula and is used, ex. when stretching the limb forward to touch an abject that is just out of reach.  With the coracoid process, the pec minor forms a bridge under which vessels and nerves pass to the arm.  Thus, the pec minor is a useful anatomical and surgical landmark for structures in the axilla.  


The subclavius is a small round muscle and is located inferior to the clavicle and affords some protection to the subclavian artery.  


By keeping the scapula closely applied to the thoracic wall, the serratus anterior anchors this bone, enabling other muscles to use it as a fixed bone for movements of the humerus.  When the serratus anterior is paralyzed because of injury to the long thoracic nerve, the medial border of the scapula moves laterally and posteriorly and hangs away from the thoracic wall.  This gives the scapula the appearance of a wing.  In addition, the arm cannot be abducted above horizontal position because the serratus anterior is unable to rotate the glenoid cavity superiorly (face up) to allow complete abduction of the arm.  

Posterior Thoracoappendicular and scapulohumeral muscles (superficial and intermedial groups of extrinsic back muscles):


Attach the appendicular skeleton (of the upper limb) to the axial skeleton (of the trunk).  


The shoulder muscles are divided into three groups:

1) superficial  (cervico-) posterior thoracoappendicular (extrinsic shoulder): trapezius and latissimus dorsi

2) Deep posterior (cervico) thoracoappendicular (extrinsic shoulder): levator scapulae and rhomboids

3) Scapulohumoral (intrinsic shoulder): deltoid, teres major, and the four rotator cuff muscles (supraspinatus, infraspinatus, teres minor, and subscapularis).  


The fibers of the trapezius are divided into three parts that have three different actions:



1) superior (cervico-occipital) fibers – elevate the scapula



2) middle (upper thoracic) – retract the scapula



3) inferior (middle thoracic) – depress the scapula and lower shoulder


The rotator cuff muscles are so called because they form a musclotendinous cuff around the glenohumoral joint, reinforcing and protecting the joint and stabilizing it by holding the head othe humerus firmly against the glenoid cavity.  Bursae around the glenohumoral joint – between the tendons of the rotator cuff muscles and the fibrous capsule of the joint – reduce friction on the tendons passing over the bones or other areas of resistance.  All except the supraspinatus are rotators of the humerus.  It, besides being part of the rotator cuff, initiates and assists the deltoid coincides with the axis of the humerus; thus, it pulls directly upward on the bone and cannot initiate abduction.  The deltoid, however, is able to act as a shunt muscle, resisting inferior displacement of the head of the humerus from the glenoid cavity.  From the fully adducted position, abduction must be initiated by the supraspinatus or by leaning on this side, allowing gravity to do so.  Atrophy of the deltoid occurs when the axillary nerve is severely injured.  AS the deltoid atrophies, the rounded contour of the shoulder disappears.

Axilla:

The axilla provides a passageway for vessels and nerves going to and from the upper limb.

The axillary artery begins at the lateral border of the 1st rib as the continuation of the subclavian artery and ends at the inferior border of the teres major.  The axillary artery passes posterior to the pectoralis minor into the arm and becomes the brachial artery when it passes distal to the inferior border of the teres major.  For descriptive purposes, the axillary artery is divided into three parts relative to the pec minor.


1st) located between the lateral border of the 1st rib and the medial border of the pectoralis minor – is enclosed in the axillary sheath along with the axillary vein and cords of the brachial plexus.  It has one branch, the superior thoracic artery.


2nd) lies posterior to the pec minor and has two branches, the thoracoacromial and lateral thoracic arteries, which pass medial and lateral to the muscle, respectively.


3rd) extends from the lateral border of the pec minor to the inferior border of teres major.  It has three branches: the subscapular, anterior circumflex humeral and posterior circumflex humeral arteries.

The axillary vein lies on the medial side of the axillar artery.  This large vein is formed by the union of the brachial veins – the companion veins of the brachial artery – and the basilic vein at the inferior border of the teres major.  The axillary vein ends at the lateral border of the 1st rib, where it becomes the subclavian vein.

Arterial anastomoses around the scapula: 


Several arteries join to form networks on the anterior and posterior surfaces of the scapula – the dorsal scapular, suprascapular, and subspacular (via its circumflex scapular branch).  Ex: the axillary artery may have to be ligated between the 1st rib and the subscapular artery.  In this case, the direction of the blood flow in the subscapular artery is reverse, enabling blood to reach the third part of the axillary artery.  Note that the subscapular artery receives blood thru several anastomoses with the suprascapular artery, transverse cervical artery, and intercostal arteries.  Slow occlusion of an artery often enables sufficient collateral circulation to develop, preventing ischemia.  Ligation of the axilaary artery distal to the subscapular artery and proximal to the deep artery of the arm cuts off the blood supply to the arm because the collateral circulation is inadequate.  



Branches of subclavian, axillary, and brachial arteries:
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Brachial Plexus:


Formed by the union of the anterior primary rami of C5 through C8 nerves and the greater part of the anterior ramus of the T1 nerve.  The merging of the rami constitute the roots of the brachial plexus, which are located in the posterior triangle of the neck.  As they emerge from the scalene hiatus, the roots of the brachial plexus unite in the neck to form three trunks.  

	Nerve
	Origin
	Distribution

	Supraclavicular Branches

	Dorsal Scapular
	Anterior ramus of C5 with a frequent contribution from C4
	Innervates rhomboids and occasionally supplies levator scapulae

	Long thoracic
	Anterior rami of C5-7
	Innervates serratus anterior

	Nerve to subclavius
	Superior trunk receiving fibers from C5, C6 and often C4
	Innervates subclavius and sternoclavicular joint

	Suprascapular
	Superior trunk receiving fibers from C5, C6 and often C4
	Supraspinatus, infraspinatus, and glenohumeral joint

	Infraclavicular branches

	Lateral pectoral 
	Lateral cord receiving fibers from C5-7
	Primarily supplies pectoralis major but sends a loop to medial pectorali nerve that innervates pectoralis minor

	Musculocutaneous
	Lateral cord receiving fibers from C5-7
	Innervates coracobrachialis biceps brachii, and brachialis, continues as lateral cutaneous nerve of forearm

	Median
	Lateral root is a continuation of lateral cord, receiving fibers from C6 and C7, medial root is a continuation of medial cord receiving fibers from C8-T1
	Innervates flexor muscles in forearm (except flexor carpi ulnaris, ulnar half of flexor digitorum profundus, and five hand muscles)

	Medial pectoral
	Medial cord receiving fibers from C8-T1
	Innervates the pectoralis minor and part of pectoralis major

	Median cutaneous nerve of arm
	Medial cord receiving fibers from C8-T1
	Supplies skin on medial side of arm

	Median cutaneous nerve of forearm
	Medial cord receiving fibers from C8-T1
	Supplies skin over medial side of forearm

	Ulnar
	A terminal branch of medial cord receiving fibers from C8 and T1 and often C7
	Innervates one and ½ flexor muscles in forearm, most small muscles in the hand, and skin of hand medial to a line bisecting the 4th digit

	Upper subscapular
	Branch of posterior cord receiving fibers from C5,6
	Innervates superior portion of subscapularis

	Thoracodorsal
	Branch of posterior cord receiving fibers from C6, C7 and C8
	Innervates latissimus dorsi

	Lower subscapular
	Branch of posterior cord receiving fibers from C5 and 6
	Innervates inferior portion of subscapularis and teres major

	Axillary
	Terminal branch of posterior cord receiving fibers from C5,6
	Innervates teres minor and deltoid, glenohumeral joint, and skin over inferior part of deltoid

	Radial
	Terminal branch of posterior cord receiving fibers from C5-8 and T1
	Innervates triceps brachii, anconeus, brachioradialis, and extensor muscles of forearm; supplies skin on posterior aspect of arm and forearm via posterior cutaneous nerves of arm and forearm.


Arm

Two types of movement occurs between the arm and forearm: flexion-extension at the humero-ulnar joint and pronation-supination at the proximal radioulnar joint.

Muscles of the arm:


Of the four arm muscles, three are flexors (biceps brachii, brachialis, coracobrachialis) are in the anterior compartment of the arm and are supplied by the musclucutanteous nerve and one extensor (triceps brachii) is in the posterior compartment and supplied by the radial nerve. A small muscle on the posterior aspect of the elbow, the anconeus, is partially blended with the triceps.  



The biceps has two heads (long and short head).  When the elbow is extended, the biceps is a simple flexor of the forearm.  However, when the elbow is flexed, the biceps is the primary supinator of the forearm.  



The brachialis lies posterior to the biceps.  It is the main flexor of the forearm; it flexes the forearm in all positions and during slow and quick movements.  When the forearm is extended slowly, the brachialis steadies the movement by slowly relaxing.



The coracobrachialis in the superomedial part of the arm is a useful landmark as it is pierced by the musculocutaneous nerve, and the distal part of its attachment indicates the location of the nutrient foramen of the humerus.  The coracobrachialis helps flex and adduct the arm and stabilize the glenohumeral joint.  With the deltoid and the long head of the triceps, it serves as a shunt muscle, resisting downward dislocation of the head of the humerus.  



The triceps arises by three heads (long lateral and medial).  The triceps is the main extensor of the elbow.  Because its long head crosses the glenohumeral joint, it helps to stabilize the adducted glenohumeral joint by serving as a shunt muscle, resisting inferior displacement of the head of the humerus.

Arteries and veins of the arm:


The bracial artery provides the main arterial supply to the arm.  It is the continuation of the axillary artery and begins at the inferior border of the teres major and ends in the cubital fossa opposite the neck of the radius.  Under cover of the bicipital aponeurosis, the brachial artery divides into the radial and ulnar arteries.  During its course, the brachial artery gives rise to musclular branches and a nutrient humeral artery that arise from its lateral aspect.   The main named branches of the brachial artery that arise from its medial aspect are the deep artery of the arm and the superior and inferior ulnar collateral arteries.  That latter vessels help to form the arterial anastomoses around the elbow.

The veins of the arm anastomose freely with each other.  Unpaired superficial veins course in the subcutaneous tissue.  The main superficial veins are the cephalic and basilic.  Paired deep veins accompany the arteries and share their names.  Both superficial and deep veins have valves, but they are more numerous in deep veins.  Perforating veins carry blood from deep veins to superficial veins.

Nerves of the arm:


Four main nerves pass thru the arm: median, ulnar, musculocutaneous, and radial.  The median and ulnar nerves supply no branches to the arm.  They do supply articular branches to the elbow joint.  The median nerve is formed in the axilla by the union of the medial and lateral roots from the medial and lateral cords of the brachial plexus.  The ulnar nerve passes posterior to the medial humeral epicondyle of the humerus.   The musclucutaneous nerve arises from the lateral cord of the brachial plexus, passes thru the coracobrachialis, and then runs distally between the brachialis and biceps.  It supplies these three muscles and continues distally as the lateral cutaneous nerve of the forearm.  The radial nerve curves around the posterior surface in the radial groove of the radial groove of the humerus and passes to the cubital fossa.  Here the radial nerve divides into deep and superficial branches.  The radial nerve supplies the muscles in the posterior compartment of the arm and forearm and the overlying skin.  


The characteristic clinical sign of radial nerve injury is wrist-drop.

Cubital fossa


The contents of the cubital fossa are the:

· Terminal part of the brachial artery and the commencement of its terminal branches, the radial and ulnar arteries; the brachial artery lies between the biceps tendon and the median nerve

· Deep companion veins of these arteries

· Biceps tendon

· Median nerve

In the subcutaneous tissue overlying the cubital fossa are the”

· Median cubital vein

· Medial and lateral cutaneous nerves of the forearm

Forearm

The radius, ulna, and the interosseous membrane connecting them divide the forearm into anterior (flexor-pronator) and posterior (extensor-supinator) compartments.  The flexor-pronator muscles arise by a common flexor tendon from the medial epicondyle, which constitutes the common flexor attachment.  The extensor-supinator muscles arise by a common extensor tendon from the lateral epicondyle, which constitutes the common extensor attachment.


F/P muscles:  The tendons of most flexor muscles pass across the anterior surface of the wrist and are held in place by the palmar carpal ligament and the flexor retinaculum.  Superficial (5) muscles: pronator teres, flexor carpi readialis, palmaris longus, flexor carpi ulnaris, and flexor digitorum superficialis (FDS).  Deep (3) muscles: flexor digitorum profundus (FDP), flexor pollicis longus, and pronator quadratus.  The superficial muscles cross the elbow joint, the deep muscles do not.



All muscles in the anterior compartment are supplied by the median nerve and/or ulnar nerves.  Functionally, the brachioradialis is a flexor of the forearm, but it is located in the posterior or extensor compartment and thus is supplied by the radial nerve.  The FDS and FDP also flex the metacrophalangeal and wrist joints.  The FDP flexes the fingers in slow action; this action is reinforced by the FDS when speed and flexion against resistance are required.  When the wrist is flexed, the long flexor muscles of the fingers are operating over a shortened distance between attachments, and the action resulting from their contraction is weaker.  Extending the wrists increases their operating distance, and thus their contraction is more efficient in producing a strong grip.  Tendons of the long flexors pass through the distal part of the forearm, wrist, and palm and continue to the medial four fingers.  The FDS flexes the middle phalanges, the FDP flexes the distal phalanges.



The pronator quadratus pronates the forearm at the radioulnar joints and also at the intermediate syndesmosis; it is the prime mover in pronation.  It initiates pronation but is assisted by the pronator teres when more speed and power is needed.   The pronator quad also acts as a shunt muscle by helping the interosseous membrane hold the radius and ulna together, particularly when upward thursts are transmitted through the wrist. (e.g. during a fall on the hand).


E/S muscles: are in the posterior compartment of the forearm, and are innervated by the radial nerve.  The extensor muscles can be organized into three functional groups:

· Muscles that extend and abduct or adduct the hand at the wrist joint (entensor carpi radialis longus, extensor carpi radialis brevis, extensor carpi ulnaris).

· Muscles that extend the medial four digits (extensor digitorum, extensor indicis, and extensor digiti minimi).

· Muscles that extend or abduct the 1st digit (abductor pollicus longus (APL), extensor pollicus brevis and longus (EPB and EPL))

The extensor tendons are held in place in the wrist region by the extensor retinaculum, which prevents bowstringing of the tendons when the hand is hyperextended at the wrist.  As the tendons pass over the dorsum of the wrist, they are provided with synovial sheaths that reduce friction between the extensor tendons and the bones.

Usually three oblique bands – intertendinous connections – unite the four tendons of the extensor digitorum proximal to the knuckles, restricting independent actions of the middle and ring fingers.  Consequently, normally no one digit can remain fully flexed as the other ones are fully extended.

The extensor tendons flatten to form extensor expansions (dorsal hoods) on the dorsal aspect of digits 2-5.  Each expansion is a triangular tendinous aponeurosis that wraps around the dorsum and the sides of a head of the metacarpal and base of the proximal phalanx, and extending across the middle phalanx and the two interphalangeal joints to the distal phalanx.  The hood of the expansion over the head of the metacarpal is anchored on each side to the palmar ligament, holding the extensor tendon in the middle of the digit.  The tendinous part of the extensor expansion divides into a median band that passes to the base of the middle phalanx and two lateral bands that pass to the base of the distal phalanx.  The interosseous and lumbrical muscles of the hand attach to the lateral bands of the extensor expansion. 

The three muscles acting on the thumb (APL, EPB, EPL) are deep to the superficial extensors and emerge along a furrow on the lateral part of the forearm that divides the extensors.  The tendons of the APL and EPB bound the triangular snuff box.  The radial artery lies on the floor of the snuff box.  
Nerves of the forearm:

The major nerves of the forearm are the median, ulnar, and radial.  

The median nerve is the principal nerve of the anterior (F/P) compartment.  It enters the forearm with the brachial artery and lies medial to it.  The median nerve leaves the cubital fossa by passing between the heads of the pronator teres, giving branches to them.  Near the wrist, the median nerve becomes superficial by passing between the tendons of the FDS and flexor carpi radialis, deep to the palmaris longus tendon.

The ulnar nerve passes posterior to the medial epicondyle of the humerus and enters the forearm by passing between the heads of the flexor carpi ulnaris, giving branches to them.  It then passes inferiorly between the flexor carpi ulnaris and the FDP, supplying the ulnar (medial) part of the muscle that sends tendons to digits 4 and 5.  The ulnar nerve becomes superficial at the wrist, running on the medial side of the ulnar artery and the lateral side of the flexor carpi ulnaris tendon.  It supplies the skin on the medial side of the hand.

The radial nerve leaves the posterior compartment of the arm to cross the anterior aspect of the lateral epicondyle of the humerus.  In the cubital region, the radial nerve divides into deep and superficial branches.  The deep branch arises anterior to the lateral epicondyle and pierces the supinator.  The deep branch winds around the lateral aspect of the neck of the radius and enters the posterior (E/P) compartment where it continues as the posterior interosseous nerve.  The superficial branch is a cutaneous and articular nerve that descends in the forearm under cover of the brachioradialis.  It emerges in the distal part of the forearm and crosses the roof of the snuff box.  It is distributed to skin on the dorsum of the hand and to a number of joints in the hand.

Arteries and veins of the forearm:


The brachial artery ends in the distal part of the cubital fossa by dividing into the ulnar and radial arteries.  The ulnar artery usually begins in the cubital fossa near the neck of the radius, just medial to the biceps tendon.  The artery descends through the anterior (F/P) compartment of the forearm, deep to the pronator teres.  The artery then passes distally over the anterior aspect of the wrist to the palm.  

The radial artery, smaller than the ulnar artery, also begins in the cubital fossa near the neck of the radius.   It passes inferolaterally to the brachioradialis and lies on the anterior surface of the radius in the distal part of the forearm.  It is covered only by skin and fascia and leaves the forearm by winding around the lateral aspect of the wrist and crossing the floor of the anatomical snuff box to read the hand.  

There are superficial and deep veins in the forearm: superficial veins ascend in the subcutaneous tissue; deep veins accompany the deep arteries.
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Hand:

The palmar aponeurosis overlies the sooft tissues of the central part of the palm and the long flexor tendons.  The apex of the triangular palmar aponeurosis is continuous with the flexor retinaculum and palmaris longus tendon.  Four longitudinal digital bands arise at the apex and radiate distally to the bases of the proximal phalanges where they become continuous with the fibrous digitial sheaths, which are ligamentous tubes that enclose the superficial and deep flexor tendons and the synovial sheaths that surround them.
Muscles of the hand:


The intrinsic muscles of the hand are in four compartments:

· Thenar muscles in the thenar compartment: abductor pollicis brevix, flexor pollicis brevis, and opponenes pollicis.  The thenar muscles are chiefly responsible for opposition of the thumb.  The reinforcing action of the adductor pollicis and flexor pollicis longus increases the pressure that the opposed thumb can exert on the fingertips.
· Hypothenar muscles in the hypothenar compartment: abductor digiti minimi, flexor digiti minimi, and opponens digiti minimi.  There is a small muscle in the subcutaneous tissue of the eminence, the palmaris brevis which with not in the hypothenar compartment and it do not move with little finger.  It wrinkles the skin of the hypothenar eminence, deepening the hollow the of the palm, thereby aiding the palmar grip.  The palmaris brevis also covers and protects the ulnar nerve and artery.

· Lumbricals associated with long flexor tendons in the central compartment.  The slender lumbricles flex the digits at the metacarpophalangeal joints and, in combination with the interossei, extend the interphalangeal joints.  There are also four dorsal interossei (abduction, DAB) located between the metacarpals and three palmar interossei (adduction, PAD) on the palmar surfaces of the 2nd, 4th and 5th metacarpals.  

· Adductor pollicis in the adductor compartment

The tendons of the flexor digitorum superficialis (FDS) and flexor digitorum profundus (FDP) enter the common synovial sheath of digital flexors.  The tendons enter the central compartment of the hhand and fan out to enter the respective synovial sheaths of the digits.  The common and digital synovial sheaths enable the tendons to slide freely over the joints of the hand and relative to each other during movements of the digits.  Near the base of the proximal phalanx, the tendon of the FDS splits and surrounds the tendon of FDP.  The halves of the FDS tendon are attached to the margins of the anterior aspect of the base of the middle phalanx.  The tendon of the FDP, after passing through the split in the FDS tendon, passes distally to attach to the anterior aspect of the base of the distal phalanx.  

The fibrous sheaths of the digits are strong ligamentous tunnels containing the flexor tendons and their synovial sheaths.  The fibrous sheaths extend from the heads of the metacarpals to the bases of the distal phalanges.  These sheaths prevent the tendons from pulling away from the cancavities of the anterior aspect of the digits and the digits themselves as they flex.  The fibrous sheaths combine with the phalanges to form osseofibrous tunnels through which the tendons pass within the digits.  The fibrous sheaths have think and thin parts; the thick parts form five annular ligaments and four cruciate ligaments.  The tendon of the flexor pollicis longus passes deep to the flexor retinaculum to the thumb within its own synovial sheath.  At the head of the metacarpal, the tendon runs between two sesamoid bones, one in the combined tendon of the flexor pollicis brevis and abductor pollicis brevis and the other in the tendon of the adductor pollicis.
Arteries and veins of hand:

The ulnar and radial arteries and their branches provide all the blood to the hand.  
The ulnar artery enters the hand anterior to the flexor retinaculum between the pisiform and hook of hamate.  It divides into two terminal branches, the superficial palmar arch and the deep palmar branch.  The superficial palmar arch, the main termination of the ulnar artery, gives rise to three common palmar digital arteries that anastomose with palmar metacarpal arteries from the deep palmar arch.  Each common palmar digital artery divides into a pair of proper palmar digital arteries that run along the adjacent sides of the 2nd thru 4th fingers.  

The radial artery curves dorsally around the scaphoid and trapezium in the floor of the snuff box and enters the palm by passing between the heads of the 1st dorsal interosseous muscle.  It then turns medially and passes between the heads of the adductor pollicis.  The radial artery anastomoses with the deep branch of the ulnar artery to form the deep palmar arch.  This arch lies across the metacarpals just distal to their bases.  The deep palmar arch gives rise to three palmar metacarpal arteries and the princes pollicis arteries, which supply the palmar surface and sides of the thumb.


The superficial and deep palmar arches are accompanies by superficial and deep palmar venous arches.

Arteries of the hand

	Artery
	Origin
	Course

	Superficial palmar arch
	Directo continuation of ulnar artery; arch is complete on lateral side by superficial branch of radial artery or another of its branches
	Curves laterally deep to palmar aponeurosis and superficially to long flexor tendons; curve of arch lies across palm at level of distal border of extended thumb

	Deep palmar arch
	Direction continuation of radial artery; arch completed on medial side by deep branch of ulnar artery
	Curves medially deep to long flexor tendons and is in contact with bases of metacarpals

	Common palmar digitalis
	Superficial palmar arch
	Passes distally on lumbricals to webbings of digits

	Proper palmar digitalis
	Common palmar digital arteries
	Runs along sides of digits 2-5

	Princes pollicis
	Radial artery as it turns into palm
	Descends on palmar aspect of 1st metacarpal and divides at the base of proximal phalanx into two branches that run along sides of thumb

	Radialis indicis
	Radial artery but may arise from princips pollicis artery
	Passes along lateral side of index finger to is distal end

	Dorsal carpal arch
	Radial and ulnar arteries
	Arches within fascia on dorsum of hand


Nerves of the hand:

The median, ulnar, and radial nerves supply the hand.  
The median nerve enters the hand thru the carpal tunnel along with the tendons of the FDS and FDP and flexor pollicus longus.  The carpal tunnel is the passageway deep to the flexor retinaculum between the tubercles of the scaphoid and the trapezoid bones on the lateral side and the pisiform and the hook of hamate on the medial side.  Distal to the carpal tunnel, the median nerve supplies the three thenar muscles and the 1st and 2nd lumbricals.  It also sends sensory fibers to the skin on the entire palmar surface, the sides of the first 3 digits, the lateral half of the 4th digit, and the dorsum of the distal halves of these digits.  The palmar branch does not travel through the carpal tunnel.
The ulnar nerve leaves the forearm by emerging from deep to the tendon of the flexor carpi ulnaris.  It passes distally to the wrist, where it is bound by fascia to the anterior surface of the flexor retinaculum.  It then passes alongside the lateral border of the pisiform.    Just proximal to the wrist, the ulnar gives off a palmar cutaneous branch that passes superficial to the flexor retinaculum and palmar aponeurosis; it supplies the skin on the medial side of the palm.  The ulnar nerve also gives off a dorsal cutaneous branch that supplied the medial half of the dorsum of the hand, the 5th digit, and the medial half of the 4th digit.  The ulnar nerve ends at the distal border of the flexor retinaculum by dividing into superficial and deep branches.  The superficial supplies cutaneous branches to the anterior surfaces of the medial one and ½ digits.  The deep supplies the hypothenar muscles, the medial two lumbricals, the adductor pollicis, and all the interossei.  The deep branch also supplies several joints.

The radial nerve supplies no hand muscles.  Its terminal branches, superficial and deep, arise in the cubital fossa.  The superficial is the direct continuation of the radial nerve along the anterolateral aspect of the forearm and is entirely sensory.  It travels under cover of the brachioradialis and then pierces the deep fascia over the lateral 2/3rds of the dorsum of the hands, the dorsum of the thumb, and the proximal parts of the index and middle fingers. 

Joints of the upper limb:

The pectoral girdle involves the sternoclavicular, acromioclavicular and glenohumeral joints. 


Sternoclavicular joint:  The synovial articulation between the sternal end of the clavical and the manubrium of the strernum and the cartilage of the 1st rib.  The SC joint is a saddle type joint but functions as a ball-and-socket.  It is divided into two compartments by an articular disc which is attached to the anterior and posterior SC ligaments (thickenings of the fibrous capsule of the joint) as well as the interclavicular ligament (a thinkened part of the superior aspect of the fibrous capsule prolonged across the manubrium to become continuous with that of the contralateral joint.  These ligaments provide such strength that fracture is more common than dislocation.  The fibrous capsule surrounds the SC joint, including the epiphysis at the sternal end of the clavical.  The costoclavicular ligament anchors the inferior surface of the sternal end of the clavicle to the 1st rib and its costal cartilage, limiting elevation of the pectoral girdle.  During full elevation of the limb, the clavicle is raised to approximately a 60 degree angle.  The SC joint is supplied by internal thoracic and suprscapular arteries.  Branches of the medial supraclavicular nerve and the nerve to the subclavius supply the SC joint.

Acromioclavicular joint: the acromial end of the clavicle articulates with the acromion.  The articular surfaces, covered with fibrocartilage, are separated by an incomplete wedge-shaped articular disc.  The AC joint is a plane synovial joint.  Although relatively weak, the articular capsule is strengthened superiorly by fibers of the trapezius.  Most of its strength comes from coracoclavicular ligaments, which maintain its integrity and prevent the acromion from being driven under the clavicle even when the AC joint is separated.  The AC ligament extends from the acromion to the clavicle and strengthens the joint superiorly.   The coracoclavicular ligament anchors the clavicle to the coracoid process of the scapula.  The conoid and trapezoid ligaments suspend the free upper limb from the strut formed by the clavicle, passively bearing its weight.  No muscles cross the AC joint connecting the articulating bones to move the AC joint.  The thoracoappendicular muscles that attach to and move the scapula cause the acromoin to move on the clavicle.  The AC joint is supplied by the suprascapular and thoracoacrmial arteries.  Supraclavicular, lateral pectoral, and axillary nerves supply the AC joint.

Glenohumeral joint: is a ball-and-socket synovial joint between the humeral head and the glenoid cavity of the scapula.  The relatively shallow glenoid cavity is deepened by the fibrocartilaginous glenoid labrum.  The glenohumeral ligaments strengthen the anterior aspect of the articular capsule and the coracohumeral ligament strengthens the capsule superiorly.  The transverse humeral ligaments strengthens the capsule and bridges the gap between the greater and lesser trochanter of the humerus.  The coracoacromial arch overlies the head of the humerus, preventing its superior displacement from the glenoid cavity.


The glenohumeral joint has more freedom of movement than any other joint in the body.  This freedom results from the laxity of its articular capsule and the large size of the humeral head compared with the small size of the glenoid cavity.



Other muscles serve the glenohumeral joint as shunt muscles, acting to resist dislocation without producing movement at the joint.  The tonus of the rotator cuff muscles holds the large head of the humerus in the relatively shallow glenoid cavity. 



The glenohumeral joint is supplied by the anterior and posterior circumflex humeral arteries and branches of the suprascapular artery.  The suprascapular, axillary, and lateral pectoral nerves supply the glenohumeral joint.

	Chief muscles in movements about the glenohumeral joint

	Flexors
	Clavicular part of the pectoralis major and anterior part of the deltoid; assisted by the coracobrachialis and the biceps brachii

	Extensors
	Latissimus dorsi

	Abductors
	Deltoid (esp. central fibers – following initiation of movement by the supraspinatus)

	Adductor
	Pectoralis major and latissimus dorsi

	Medial rotator
	Subscapularis

	Lateral rotator
	Infraspinatus


Elbow joint: a compound hinge synovial joint between the humerus and the forearm bones.  The spool-shaped trochlea and spheroidal capitulum of the humerus articulate with the trochlear notch of the ulna and concave superior aspect of the head of radius, respectively.  Therefore, there are humeroulnar and humeroradial articulations.  The synovial membrane is continuous with the synovial membrane of the proximal radioulnar joint.  The anterior capsule is weak anteriorly and posteriorly but is strengthened on each side by ligaments:

      Medial and lateral collateral ligaments that are thickenings of the fibrous capsule.  
The lateral radial collateral ligament extends from the lateral epicondyle of the humerus and blends distally with the anular ligament of the radius, which encircles and holds the head of the radius in the radial notch of the ulna, forming the proximal radioulnar joing and permitting pronation and supination of the forearm.  
The medial ulnar collateral ligament extends from the medial epicondyle of the humerus to the coronoid process and olecranon of the ulna and consists of three bands.


The arteries supplying the elbow are derived from the anastomosis of arteries around the elbow joint.  The nerves are the musculocutaneous, radial, and ulnar.

	Chief muscles in movements about the elbow joint

	Flexors
	Brachialis, biceps, brachioradialis; assisted by pronator teres when flexion is resisted

	Extension
	Triceps, esp. the medial head; assisted by the anconeus


Radioulnar joints:  

The proximal joint is between the dead of the radius and the ring formed by the radial notch of the ulna and the anular ligament.  The anular ligament attaches to the ulna, anterior and posterior to the radial notch, forming a collar that, with the radial notch, forms a ring that completely encircles the head of the radius.  During pronation and supination, the head of the radius rotates within the anular ligament.  Supination turns the palm anteriorly. 
	Chief muscles in movements about the radioulnar joints

	Supination
	Supinator (when resistance is absent) and by the biceps (when resistance is present); with some assistance from the extensor pollicus longus and extensor carpi radialis

	Pronation
	Pronator quadratus (primarily) and pronator teres (secondarily); with assistance from the flexor carpi radialis, palmaris longus, and brachioradialis (when the forearm is in the midprone position).


The distal radioulnar joint is a pivot synovial joint between the head of the ulna and the ulnar notch on the radius.  The distal end rotates around the relatively fixed distal end of the ulna.  The fibrocartilaginous articular disc binds the ends of the ulna and radius together.  The base of the disc attaches to the medial edge of the ulnar notch of the radius, and its apex is attached to the lateral side of the base of the styloid process of ulna.  The proximal surface of the triangular disc articulates with the distal aspect of the head of the ulna.
The proximal radioulnar joint is supplied by the anterior and posterior interosseous arteries.  The ulnar and anterior  interosseous arteries supply the distal radioulnar joint.  The proximal radioulnar joint is supplied by the musculocutaneous, median, and radial nerves.  Pronation is essentially a function of the median nerve, whereas supination is a function of the musclucutaneous and radial nerves.  The anterior and posterior interosseous nerves supply the distal radioulnar joint.

Structures limiting movement of …

	Scapula

	Movement
	
	Limiting structures

	Elevation
	
	Ligaments: costoclavicular, inferior sternoclavicular, articular capsule

	
	
	Muscles: inferior trapezius, pectoralis minor, subclavius

	Depression
	
	Ligaments: sternoclavicular, interclavicular, articular disc

	
	
	Muscles: superior trapexius, levator scapulae

	
	
	Bony opposition between clavicle and 1st rib

	Protraction
	
	Ligaments: trapezoid, posterior sternoclavicular, posterior part of costoclavicular

	Retraction
	
	Ligaments: conoid ligament, anterior part of costoclavicular, anterior sternoclavicular

	
	
	Muscles: serratus anterior, pectoralis minor

	Rotation depressing glenoid cavity
	
	Ligament: conoid

	
	
	Muscles: serratus anterior

	Rotation elevating glenoid cavity
	
	Ligaments: trapezoid

	
	
	Muscles: levator scapulae, rhomboids

	

	Pectoral girdle

	Movement
	Joints
	Limiting structures

	Flexion (0-180)
	Sternoclavicular
	Ligaments: Posterior part of coracohumeral, trapezoid, and posterior part of articular capsule of glenohumoral joint

	
	Acromioclavicular
	

	
	Glenohumoral
	Muscles: Rhomboids, levator scapulae, extensor and external rotator muscles, rotator muscles of glenohumoral joint

	
	Scapulothoracic
	

	Abduction (0-180)
	Sternoclavicular
	Ligaments: middle and inferior glenohumeral, trapezoid, and inferior part of articular capsule of glenohumoral joint

	
	Acromioclavicular
	

	
	Glenohumoral
	Muscles: Rhomboids, levator scapulae, adductor muscles of glenohumoral joint

	
	Scapulothoracic
	

	
	
	Bony apposition between greater tubercle of humerus and superior part of glenoid cavity/labrum of lateral aspect of acromion

	Extension
	Glenohumeral
	Ligaments: anterior part of coracohumeral and anterior part of anticular capsule of glenohumeral joint

	
	
	Muscles: clavicular head of pectoralis major

	Medial (internal) rotation
	Glenohumeral
	Ligaments: posterior glenohumeral articular capsule

	
	
	Muscle: infraspinatus and teres major

	Lateral (external) rotation
	Glenohumeral
	Ligaments: glenohumeral, coracohumeral, anterior glenohumeral articular capsule

	
	
	Muscles: latissimus dorsi, teres major, pectoralis major, subscapularis

	

	Elbow and radioulnar joints

	Movement
	Joints
	Limiting structures

	Extension
	Humeroulnar
	Muscles: flexor muscles of elbow

	
	Humeroradial
	Articular capsule: anteriorly

	
	
	Bony apposition between olecranon of ulna and alecranon fossa of humerus

	Flexion
	Humeroulnar
	Muscles: triceps brachii

	
	Humeroradial
	Articular capsule: posteriorly

	
	
	Soft tissue apposition between anterior forearm and arm

	
	
	Bony apposition between the head of radius and radial fossa of humerus

	Pronation
	Humeroradial
	Muscles: supinator, biceps

	
	Proximal radioulnar
	Ligaments: quadrate, dorsal inferior radioulnar, interossesous membrane

	
	Distal radioulnar
	

	
	Interosseous membrane
	Bony apposition of the radius on ulna

	Supination
	Humeroradial
	Muscles: pronator teres, pronator quadratus

	
	Proximal radioulnar
	Ligaments: quadrate, anterior inferior radioulnar, interosseous membrane

	
	Distal radioulnar
	

	

	Wrist and carpal joints

	Movement
	
	Limiting structures

	Flexion
	
	Ligaments: posterior radiocarpal and posterior part of articular capsule of joint

	Extension
	
	Ligaments: arterior radiocarpal and anterior part of articular capsule of joint

	
	
	Bony apposition between radius and carpal bones

	Abduction
	
	Ligaments: ulnar collateral ligament and medial part of articular capsule of joint

	
	
	Bony apposition between styloid process of radius and scaphoid

	Adduction
	
	Ligaments: radial collateral and lateral part of articular capsule of joint


Joints of the hand:
	
	Metacarpophalangeal joints
	Interphalangeal joints
	Wrist joints
	Carpal (intercapral) joints
	Carpometacarpal and intermetacarpal joints

	Type
	Condyloid synovial joints
	Hinge synovial
	Condyloid synovial
	Plane synovial
	Plane synovial; except for carpometa joint of thumb (saddle)

	Articulation
	Heads of meta with base of proximal phal
	Heads of phal with bases of more distal phal
	Distal end of radius with proximal row of carpal bones (minus pisiform)
	Carpal bones of proximal row with carpal bones of distal row.  (the pisiform joint is b/t pisi and triquetrum)
	Carpals and meta with each other; carpometacarpal joint of thumb is between trapezium and base of 1st meta

	Ligaments
	Strong palmar ligs are attached to the phal and meta; deep transverse meta ligs unite 2nd to 5th joints that hold heads of metas together; collateral ligs pass from heads of metas to bases of phals
	Ligs are similar to those of the MCP joins, except the unite phalanges
	Anterior and post ligs strengthen fibrous capsule; ulnar collateral lig attaches styloid process of ulna and triquetrum; radial collateral lig attaches to styloid process of radius and scaphoid
	Carpal bones are united by anterior, posterior, and interosseous ligs
	Bones are unites by anterior, posterior, and interosseous ligaments

	Movements
	Flex/exten, abd/add, and circumduction of 2nd to 5th digits, flex/ex of thumb, but abd/add limited
	Flex/ex
	Flex/ex, Abd/add, and circumduction
	Small amount of gliding, flexion and abd at midcarpal jnt
	Flex/ex and abd/add at jnt for 1st digit; little movement for 2-4, 5 digit mobile

	Blood supply
	Deep digital arteries that arise from superficial palmar arches
	Digital arteries
	Dorsal and palmar carpal arches
	Dorsal and palmar carpal arches
	Dorsal and palmar meta arteies and deep carpal and deep palmar arches

	Nerve supply
	Digital nerves from ulnar and medial nerves
	Digital nerves from ulnar and medial nerves
	All are supplied by anterior interosseous branch of median nerve, posterior interosseous branch of radial, and dorsal and deep branches of ulnar


