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Methodical Instruction for LESSON № 21 (2 hours)
Theme: THE ELBOW JOINT. CONNECTION OF FOREARM’S BONS. CONNECTION OF BONES OF HAND
Professional orientation for students: Studying of bone connections of shoulder girdle has the big practical value in connection with that they on the one hand connect a free upper limb which is a human organ of labour, with the trunk, on the other hand – extend it from the thorax, providing thus great volume of movement. Connections of bones of forearm and wrist act as the uniform combined joint. Bones of the wrist of the modern human are strongly reinforced by ligaments, that reduces their motility, but fastness grows. Force of impact on one of the carpal bones is in regular intervals distributed between other bones and decreased; therefore fractures of wrist bones occur seldom. The knowledge of structure and comprehension of morphofunctional features of free upper limb bone connections is of a great importance for medicine (traumatology and orthopedics, surgery, physiotherapy, etc.), allowing if necessary to render a highly skilled medical care.

Aim: To study anatomical structure of shoulder girdle and free upper limb joints. Pay attention to features of structure of these connections, providing opportunity to use the upper limb as the organ of labour. To teach students to describe correctly roentgenograms of the upper extremity

The student should know:

- Latin terminology of the theme;

- the anatomical characteristic of bones of shoulder girdle and free upper limb;

- structure of ulnar, radiocarpal joints and joints of the wrist according to the plan of description of joints. Obligate and non obligate elements of joints;

- what joints of free upper limb work in a combination with each other and what movements are performed as a result of it?

- forms of joints and features of their functioning (elements of biomechanics);

- the X-ray image of these joints in norm. Difference of X-ray articular fissure from anatomical.

The student should be able to name and show:

-  correct functional position of investigated joints on skeleton.

- belonging of joints to the right or left half of trunk, right or left upper limb.

- parts of jointed bones on skeleton.

- places of fixation of articular capsules.

- to categorize these joints.

- types of movements in each of the listed joints.

- to prepare joints of shoulder girdle and free upper limb.

- ligaments, strengthening given connections.

- roentgenograms of bone connections of shoulder girdle and free upper limb.

Questions of initial level:

1. To give the characteristic for atlantooccipital joint according to the plan of description of joints.

2. To give the characteristic for atalntoaxial joints according to the plan.

3. To name and show types of connections between bones of skull. The characteristic of sutures.

4. To describe the structure of temporo-mandibular joint according to the plan.

5. To list features of temporo-mandibular joint (presence and function of intraarticular disk, articular tubercle).

6. To name features of the temporo-mandibular joint ligaments.

7. To name features of bone connection of newborn scull.

8. To describe the image of the skull on roentgenogram in frontal and lateral projections.

Equipment: skeleton, specimens on previous class, joints of upper limb, X-ray of skeleton.

Content of topic
The elbow joint is a compound joint with the three articulating surfaces of the bones within the joint capsule. It really consists of three joints, the humeroradial, humeroulnar and proximal radioulnar joints. It is secured by bone and ligament .

Bony stability is provided by the trochlea of the humerus and the trochlear notch of the ulna into which it fits. Ligamentous stability is due to the annular iigament of the radius and the collateral ligaments .

The thin, lax joint capsute encloses the joint surfaces. In order to prevent pinching of the capsule between these surfaces during movement of the joint, fibers from the brachialis and triceps brachii muscles act as articular muscles and radiate into the capsule in order to tense it. Both humeral epicondyles are outside the capsule. The synovial membane surrounds the olecranon fossa and both fossae on the anterior side of the humerus. Between the synovial and fibrous membranes of the capsule in the region of the fossa is a large amount of fatty tissue (5), which may help to limit extreme movements of the joint. In the ulnar region, the line of attachment of the capsule follows the margin of the trochlear notch, so that the tips of the olecranon and the coronoid process still project within the capsule. On the radius the capsule extends as a sac below the annular ligament of the radius , the superior recessus sacciformis. This extension of the capsule makes rotation of the radius possible .

The very strong collateral ligaments are embedded in the sides of the joint capsule. The ulnar collateral ligament arises from the medial epicondyle of the humerus and usually possesses two strong fiber bundles, an anterior one which is directed to the coronoid process, and a posterior one which extends to the lateral margin of the olecranon. The ulnar nerve runs under the latter bundle. Between these two fibrous bundles lies loose connective tissue, which is limited on the ulnar side by oblique fibers .

The radial collateral ligament extends from the lateral epicondyle of the humerus to the annular radial ligament and proximal to the latter radiates into the ulna. The radial collateral ligament fuses with the superficial extensors. The quadrate Iigament connects the neck of the radius to the radial notch of the ulna . Finally, there is the annular ligament of the radius which is attached at both ends onto the ulna and encircles the head of the radius. There is often cartilaginous tissue on its inn. Because of the interaction of these three joints in any flexed or extended position, asimultaneous rotation of the radius around the ulna is possible .

The following movements are possible: flexion, extension, supination and pronation .

The humeroradial joint is formed by the capitulum of the humerus and the concave fovea on the head of the radius. It corresponds in torm to a ball-andsocket joint. The numeroulnar joint occurs between the trochlea ol the humerus and the trochlear notch of the ulna. On the trochlea there is a channel which accommodates the leading edge of the trochlear notch. Flexion and extension movements between the upper and lower arm occur at the humeroradial and numeroulnar joints. The axis of movement corresponds to the axis of the trochlea of the humerus and its extension through the capitulum of the humerus. The proximal radioulnar joint is formed between the articular circumference of the head of the radius and the radial notch of the ulna, together with the annular ligament, This is a pivot joint and it permits movements of the radius around the ulna together with the distal radioulnar joint .

Rotation of the radius around the ulna is called pronation (bones cross over each other) or supinatlon (bones lies parallel to one another). The axis of this movement runs from the center of the fovea on the head of the radius to the styloid process of the ulna .

The anteriorly measured angle between the arm and forearm during maximal extension Is slightly larger in females (180°) than in males (175°). Children are able to ouerextend the elbow joint. The rsdially measii red angle with the forearm fully extended (the angle of abduction) ranges from 158-180°. with a mean of about 168.5° .

Distal Radioulnar Joint The distal radioulnar joint , a pivot joint is formed by the head of the ulna and the ulnar notch of the radius. Between the radius and the styloid process of the ulna lies an articular fjisk, which separates the distal radioulnar from the radiocarpal joint. The capsule is lax and extends from the inferior recessus sacciformis up to the shaft of the ulna. The proximal and distal radioulnar joints are necessarily combined feints to permit pronation and supination .

The interosseous membrane of the forearm stretches between the radius and the ulna. Its fibers run from proximal laterally to the medial side of the ulna distally. Fibers of the oblique cord run in the opposite direction to those of the interosseous membrane. It strengthens the interosseous membrane proximally. The cord begins approximately at the ulnar tuberosity and extends to the interosseous border of the radius distal to the radial tuberosity .

Clinical Tips: The interosseous membrane not only prevents parallel displacement of the radius and ulna but also allows pulling and pressure stresses to be transmitted from one bone to the other. It is so strong that during overstrain of the forearm the bones tend to fracture before the fibers are torn, The commonest of all fractures (described by Colles in 1814) is at a classical site on the radius, and is due to a fall on the palm of the hand with the arm extended. The weight of the body is transmitted through the humerus and the ulna and then passes through the interosseous membrane to the radius. The distal end of the radius resists the counterpressure, so that maximal stress develops and causes a fracture of the lower radius. The distal fragment is displaced radially and dorsally as the fibers of the interosseous membrane fix the shaft of the radius to the ulna (bayonet position) .

Radiocarpal Articulation or Wrist-joint (Articulatio Radiocarpea) The wrist-joint is a condyloid articulation. The parts forming it are the lower end of the radius and under surface of the articular disk above; and the navicular, lunate, and triangular bones below. The articular surface of the radius and the under surface of the articular disk form together a transversely elliptical concave surface, the receiving cavity. The superior articular surfaces of the navicular, lunate, and triangular form a smooth convex surface, the condyle, which is received into the concavity. The joint is surrounded by a capsule, strengthened by the following ligaments: 
The Volar Radiocarpal Ligament (ligamentum radiocarpeum volare; anterior ligament) is a broad membranous band, attached above to the anterior margin of the lower end of the radius, to its styloid process, and to the front of the lower end of the ulna; its fibers pass downward and medialward to be inserted into the volar surfaces of the navicular, lunate, and triangular bones, some being continued to the capitate .

In addition to this broad membrane, there is a rounded fasciculus, superficial to the rest, which reaches from the base of the styloid process of the ulna to the lunate and triangular bones. The ligament is perforated by apertures for the passage of vessels, and is in relation, in front, with the tendons of the Flexor digitorum profundus and Flexor pollicis longus; behind, it is closely adherent to the anterior border of the articular disk of the distal radioulnar articulation .

The Dorsal Radiocarpal Ligament (ligamentum radiocarpeum dorsale; posterior ligament) less thick and strong than the volar, is attached, above, to the posterior border of the lower end of the radius; its fibers are directed obliquely downward and medialward, and are fixed, below, to the dorsal surfaces of the navicular, lunate, and triangular, being continuous with those of the dorsal intercarpal ligaments. It is in relation, behind, with the Extensor tendons of the fingers; in front, it is blended with the articular disk .

The Ulnar Collateral Ligament (ligamentum collaterale carpi ulnare; internal lateral ligament) is a rounded cord, attached above to the end of the styloid process of the ulna, and dividing below into two fasciculi, one of which is attached to the medial side of the triangular bone, the other to the pisiform and transverse carpal ligament .

The Radial Collateral Ligament (ligamentum collaterale carpi radiale; external lateral ligament) extends from the tip of the styloid process of the radius to the radial side of the navicular, some of its fibers being prolonged to the greater multangular bone and the transverse carpal ligament. It is in relation with the radial artery, which separates the ligament from the tendons of the Abductor pollicis longus and Extensor pollicis brevis .

Synovial Membrane lines the deep surfaces of the ligaments above described, extending from the margin of the lower end of the radius and articular disk above to the margins of the articular surfaces of the carpal bones below. It is loose and lax, and presents numerous folds, especially behind .

The wrist-joint is covered in front by the Flexor, and behind by the Extensor tendons .

The arteries supplying the joint are the volar and dorsal carpal branches of the radial and ulnar, the volar and dorsal metacarpals, and some ascending branches from the deep volar arch .

The nerves are derived from the ulnar and dorsal interosseous .

Movements.—The movements permitted in this joint are flexion, extension, abduction, adduction, and circumduction. They will be studied with those of the carpus, with which they are combined .

The navicular, lunate, and triangular are connected by dorsal, volar, and interosseous ligaments .

The Dorsal Ligaments (ligamenta intercarpea dorsalia).—The dorsal ligaments, two in number, are placed transversely behind the bones of the first row; they connect the navicular and lunate, and the lunate and triangular .

The Volar ligaments (ligamenta intercarpea volaria; palmar ligaments), also two, connect the navicular and lunate, and the lunate and triangular; they are less strong than the dorsal, and placed very deeply behind the Flexor tendons and the volar radiocarpal ligament .

The Interosseous Ligaments (ligamenta intercarpea interossea) are two narrow bundles, one connecting the lunate with the navicular, the other joining it to the triangular. They are on a level with the superior surfaces of these bones, and their upper surfaces are smooth, and form part of the convex articular surface of the wrist- joint .

The ligaments connecting the pisiform bone are the articular capsule and the two volar ligaments.

The articular capsule is a thin membrane which connects the pisiform to the triangular; it is lined by synovial membrane .The two volar ligaments are strong fibrous bands; one, the pisohamate ligament, connects the pisiform to the hamate, the other, the pisometacarpal ligament, joins the pisiform to the base of the fifth metacarpal bone. These ligaments are, in reality, prolongations of the tendon of the Flexor carpi ulnaris .

Articulations of the Distal Row of Carpal Bones.—These also are arthrodial joints; the bones are connected by dorsal, volar, and interosseous ligaments .

The Dorsal Ligaments (ligamenta intercarpea dorsalia).—The dorsal ligaments, three in number, extend transversely from one bone to another on the dorsal surface, connecting the greater with the lesser multangular, the lesser multangular with the capitate, and the capitate with the hamate .

The Volar Ligaments (ligamenta intercarpea volaria; palmar ligaments).—The volar ligaments, also three, have a similar arrangement on the volar surface .

The Interosseous Ligaments (ligamenta intercarpea interossea).—The three interosseous ligaments are much thicker than those of the first row; one is placed between the capitate and the hamate, a second between the capitate and the lesser multangular, and a third between the greater and lesser multangulars. The first is much the strongest, and the third is sometimes wanting .

Articulations of the Two Rows of Carpal Bones with Each Other.—The joint between the navicular, lunate, and triangular on the one hand, and the second row of carpal bones on the other, is named the midcarpal joint, and is made up of three distinct portions: in the center the head of the capitate and the superior surface of the hamate articulate with the deep cup-shaped cavity formed by the navicular and lunate, and constitute a sort of ball-and-socket joint. On the radial side the greater and lesser multangulars articulate with the navicular, and on the ulnar side the hamate articulates with the triangular, forming gliding joints .

The ligaments are: volar, dorsal, ulnar and radial collateral .

The Volar Ligaments (ligamenta intercarpea volaria; anterior or palmar ligaments).—The volar ligaments consist of short fibers, which pass, for the most part, from the volar surfaces of the bones of the first row to the front of the capitate .

The Dorsal Ligaments (ligamenta intercarpea dorsalia; posterior ligaments).— The dorsal ligaments consist of short, irregular bundles passing between the dorsal surfaces of the bones of the first and second rows .

The Collateral Ligaments (lateral ligaments).—The collateral ligaments are very short; one is placed on the radial, the other on the ulnar side of the carpus; the former, the stronger and more distinct, connects the navicular and greater multangular, the latter the triangular and hamate; they are continuous with the collateral ligaments of the wrist-joint. In addition to these ligaments, a slender interosseous band sometimes connects the capitate and the navicular .

Synovial Membrane.—The synovial membrane of the carpus is very extensive, and bounds a synovial cavity of very irregular shape. The upper portion of the cavity intervenes between the under surfaces of the navicular, lunate, and triangular bones and the upper surfaces of the bones of the second row. It sends two prolongations upward—between the navicular and lunate, and the lunate and triangular—and three prolongations downward between the four bones of the second row. The prolongation between the greater and lesser multangulars, or that between the lesser multangular and capitate, is, owing to the absence of the interosseous ligament, often continuous with the cavity of the carpometacarpal joints, sometimes of the second, third, fourth, and fifth metacarpal bones, sometimes of the second and third only. In the latter condition the joint between the hamate and the fourth and fifth metacarpal bones has a separate synovial membrane. The synovial cavities of these joints are prolonged for a short distance between the bases of the metacarpal bones. There is a separate synovial membrane between the pisiform and triangular .

Movements.—The articulation of the hand and wrist considered as a whole involves four articular surfaces: (a) the inferior surfaces of the radius and articular disk; (b) the superior surfaces of the navicular, lunate, and triangular, the pisiform having no essential part in the movement of the hand; (c) the S-shaped surface formed by the inferior surfaces of the navicular, lunate, and triangular; (d) the reciprocal surface formed by the upper surfaces of the bones of the second row. These four surfaces form two joints: (1) a proximal, the wrist-joint proper; and (2) a distal, the mid-carpal joint .

1. The wrist-joint proper is a true condyloid articulation, and therefore all movements but rotation are permitted. Flexion and extension are the most free, and of these a greater amount of extension than of flexion is permitted, since the articulating surfaces extend farther on the dorsal than on the volar surfaces of the carpal bones. In this movement the carpal bones rotate on a transverse axis drawn between the tips of the styloid processes of the radius and ulna. A certain amount of adduction (or ulnar flexion) and abduction (or radial flexion) is also permitted. The former is considerably greater in extent than the latter on account of the shortness of the styloid process of the ulna, abduction being soon limited by the contact of the styloid process of the radius with the greater multangular. In this movement the carpus revolves upon an antero-posterior axis drawn through the center of the wrist .

Finally, circumduction is permitted by the combined and consecutive movements of adduction, extension, abduction, and flexion. No rotation is possible, but the effect of rotation is obtained by the pronation and supination of the radius on the ulna. The movement of flexion is performed by the Flexor carpi radialis, the Flexor carpi ulnaris, and the Palmaris longus; extension by the Extensores carpi radiales longus and brevis and the Extensor carpi ulnaris; adduction (ulnar flexion) by the Flexor carpi ulnaris and the Extensor carpi ulnaris; and abduction (radial flexion) by the Abductor pollicis longus, the Extensors of the thumb, and the Extensores carpi radiales longus and brevis and the Flexor carpi radialis. When the fingers are extended, flexion of the wrist is performed by the Flexor carpi radialis and ulnaris and extension is aided by the Extensor digitorum communis. When the fingers are flexed, flexion of the wrist is aided by the Flexores digitorum sublimis and profundus, and extension is performed by the Extensores carpi radiales and ulnaris .

The chief movements permitted in the mid-carpal joint are flexion and extension and a slight amount of rotation. In flexion and extension, which are the movements most freely enjoyed, the greater and lesser multangulars on the radial side and the hamate on the ulnar side glide forward and backward on the navicular and triangular respectively, while the head of the capitate and the superior surface of the hamate rotate in the cup-shaped cavity of the navicular and lunate. Flexion at this joint is freer than extension. A very trifling amount of rotation is also permitted, the head of the capitate rotating around a vertical axis drawn through its own center, while at the same time a slight gliding movement takes place in the lateral and medial portions of the joint .

Metacarpophalangeal Articulations (Articulationes Metacarpophalangeæ; Metacarpophalangeal Joints) These articulations are of the condyloid kind, formed by the reception of the rounded heads of the metacarpal bones into shallow cavities on the proximal ends of the first phalanges, with the exception of that of the thumb, which presents more of the characters of a ginglymoid joint. Each joint has a volar and two collateral ligaments .

Metacarpophalangeal articulation and articulations of digit. Volar aspect .

The Volar Ligaments (glenoid ligaments of Cruveilhier; palmar or vaginal ligaments).—The volar ligaments are thick, dense, fibrocartilaginous structures, placed upon the volar surfaces of the joints in the intervals between the collateral ligaments, to which they are connected; they are loosely united to the metacarpal bones, but are very firmly attached to the bases of the first phalanges. Their volar surfaces are intimately blended with the transverse metacarpal ligament, and present grooves for the passage of the Flexor tendons, the sheaths surrounding which are connected to the sides of the grooves. Their deep surfaces form parts of the articular facets for the heads of the metacarpal bones, and are lined by synovial membranes .

The Collateral Ligaments (ligamenta collateralia; lateral ligaments).—The collateral ligaments are strong, rounded cords, placed on the sides of the joints; each is attached by one extremity to the posterior tubercle and adjacent depression on the side of the head of the metacarpal bone, and by the other to the contiguous extremity of the phalanx .

The dorsal surfaces of these joints are covered by the expansions of the Extensor tendons, together with some loose areolar tissue which connects the deep surfaces of the tendons to the bones .

Metacarpophalangeal articulation and articulations of digit. Ulnar aspect .

Movements.—The movements which occur in these joints are flexion, extension, adduction, abduction, and circumduction; the movements of abduction and adduction are very limited, and cannot be performed when the fingers are flexed .

Articulations of the Digits (Articulationes Digitorum Manus; Interphalangeal Joints) The interphalangeal articulations are hinge-joints; each has a volar and two collateral ligaments. The arrangement of these ligaments is similar to those in the metacarpophalangeal articulations. The Extensor tendons supply the place of posterior ligaments .

Movements.—The only movements permitted in the interphalangeal joints are flexion and extension; these movements are more extensive between the first and second phalanges than between the second and third. The amount of flexion is very considerable, but extension is limited by the volar and collateral ligaments .

Muscles Acting on the Joints of the Digits.—Flexion of the metacarpophalangeal joints of the fingers is effected by the Flexores digitorum sublimis and profundus, Lumbricales, and Interossei, assisted in the case of the little finger by the Flexor digiti quinti brevis. Extension is produced by the Extensor digitorum communis, Extensor indicis proprius, and Extensor digiti quinti proprius .

Flexion of the interphalangeal joints of the fingers is accomplished by the Flexor digitorum profundus acting on the proximal and distal joints and by the Flexor digitorum sublimis acting on the proximal joints. Extension is effected mainly by the Lumbricales and Interossei, the long Extensors having little or no action upon these joints .

Flexion of the metacarpophalangeal joint of the thumb is effected by the Flexores pollicis longus and brevis; extension by the Extensores pollicis longus and brevis .

Flexion of the interphalangeal joint is accomplished by the Flexor pollicis longus, and extension by the Extensor pollicis longus .

Methodology of Practical Class Work 
 Self study of joints of the free upper limb. Independently, in active consultation with teacher, using books, atlases and preparates, to study the topic on the following plan .

The program of independent work.

	Training tasks
	Concrete definition of tasks

	1. To study structure of elbow joint.
	1. To find components of elbow joint and articulating surfaces of bones.

2. To give their classification characteristic. 

3. To find ligaments of the joint.

	2. To study structure of radiocarpal and midcarpal joints.
	1. To find jointed surfaces of these joints.

2. To give their classification characteristic.

3. To find the ligaments of joints.

	3. To study structure of joints of the wrist.
	1. To name joints of the wrist.

2. To find articulating surfaces of joints of the wrist.

3. To give the general characteristic of ligaments of these joints.

	4. To consider X-ray of joints of shoulder girdle and free upper limb.
	1. To find articulating surfaces and radiological articular fissure of each investigated joints.


The student has to do the notes according to all items of independent work (to write the dictionary of anatomical terms; to describe studied joint according plan of description).

To prepare joints of upper limb:

- elbow joint;

- radiocarpal joint;

- joints of hand.

Tests and situational tasks
1. What kind of joint is articulatio cubiti?

A. Simple.

B. Compound.

C. Complex.

D. Combine.

2. What kind of joint due to the shape is articulatio humeroulnaris?

A. Ellipsoid.

B. Pivot.

C. Hinge.

D. Plane.

3. What kind of joint due to function is articulatio humeroulnaris?

A. Uniaxial.

B. Biaxial.

C. Multiaxial.

D. Hinge-rotatory.
4. What kind of joint due to the shape is articulatio radioulnaris proximalis?

A. Pivot.

B. Ball-and-socket.

C. Hinge.

D. Saddle.

5. What kind of joint due to the shape is articulatio radioulnaris distalis?

A. Ball-and-socket.

B. Saddle.

C. Ellipsoid.

D. Pivot.

6. What kind of joint is articulatio carpometacarpea?

A. Simple.

B. Compound.

C. Combine.

D. Complex.

7. What kind of joint due to function is articulatio carpometacarpea pollicis?

A. Uniaxial.

B. Biaxial.

C. Multiaxial.

D. Hinge-rotatory.
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Questions for final control:

1. Parts of elbow joint, their articular surfaces.

2. Name the movements performed in separate parts of elbow joint.

3. What bones take part in formation of radiocarpal joint? The classification characteristic.

4. Joints of hand.

5. Tests and clinical tasks on theme.

Control of knowledge with the help of situational tasks

1. As a result of a gunshot wound the head of a radial bone is completely damaged. The surgeon has been compelled to remove splinters of the head of a radial bone and scraps of ligaments. What ligaments thus have been removed?

A. Radial ligament of the head of a femur.

B. Annular ligament and a radial collateral ligament.

C. Ulnar collateral ligament and radial collateral ligament.

D. Ulnar collateral ligament.

2. 10 years old boy is delivered in a traumatology center with fracture of bones of forearm. The child cannot carry out a supination and pronation of forearm. In what joints these movements are possible?

A. art. radiocarpea

B. art. cubiti

C. art. radioulnaris proximalis, art. radioulnaris distalis

D. art. humeroulnaris

E. art. Humeroradialis

3. Reposition of fractured bones of the forearm is followed by immobilization and limitation of movements in radio-carpal joint. Which movements should be recovered during recovery period?

A. Flexion-extension, rotation.

B. Flexion-extension, abduction-adduction, circumduction.

C. Flexion-extension, abduction-adduction, rotation.

D. Flexion-extension, circumduction.

E. Flexion-extension, circumduction, rotation.

4. On a circular saw soft tissues of a wrist between pisiform and scaphoid bones have casually been damaged. What ligaments thus are damaged?

A. Palmar radiocarpal ligament.

B. Radial collateral ligament of the wrist.

C. Ulnar collateral ligament of the wrist.

D. Dorsal intercarpal ligament.

NEXT TOPIC: CONNECTION OF BONES OF THE PELVIS. THE PELVIS AS A WHOLE. THE HIP JOINT.

