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Methodical Instruction for Lesson  № 3 (2 hours)
Theme. THE STERNUM, THE RIBS, THE THORACIC CAGE AS A WHOLE 
Professional orientation for students: The ribs and sternum together with thoracic vertebrae form a thoracic cage which is a receptacle for internal organs: lungs, heart, esophagus, large arterial, venous and lymphatic vessels and others. Besides movements of a thoracic cage course to its increasing in anteroposterior and transverse dimensions that provides process of respiration. Therefore the knowledge of its characteristics is necessary for studying the human systems (arthrosyndesmology, respiratory, digestive, cardiovascular), and also for clinicians (cardiologists, etc.).

Aim: Learn how to find, and display on the skeleton and some preparates ribs and sternum and be able to distinguish, XI, XII ribs, and right and left ribs, collarbone.
The student should  know:

- anatomical parts of skeleton;

- bones of thorax;

- classification of ribs;

- characteristic of ribs: anatomical formations and their functions;

- features of 1-st, 11-th, 12-th ribs structure;

- anatomical structure of sternum;

- thoracic cage as a whole: entrance and an outlet opening, a substernal angle, shapes of a thoracic cage;

The student should be able to name and show:

- correct functional position of the sternum, ribs, clavicle, scapula;

- belonging of ribs, clavicle and scapula to the right or left halves of body;

- true, false, and floating ribs;

- anatomical structure of ribs;

- features of 1-st, 11-th, 12-th ribs;

- main formations of sternum;

- anatomical formations of thorax, vertebral column on X-ray.

Questions of initial level:

1. Functions of a skeleton.

2. Classification of bones.

3. Parts of a skeleton.

4. Parts of vertebral column, their quantitative characteristic.

5. Features of typical cervical vertebrae.

6. Features of structure of I, II, VI, VII cervical vertebrae.

7. Features of thoracic vertebrae.

8. Features of lumbar vertebrae.

9. Anatomical structure of sacrum and coccyx.

Equipment: skeleton, set of vertebrae, sacrum, coccyx, sternum, ribs, clavicle, scapula, X-ray.

Content of the topic

 
 Scapula, clavicle Ribs [Costae] In each rib we distinguish a bony part, the os costale, and at the anterior end the costal cartilage. There are twelve pairs of ribs, of which the upper seven are connected directly to the sternum and are called true ribs. The lower five ribs, false ribs, are joined indirectly (8th-l0th) or not at all (11th-12th) to the sternum. The 11 th and 12th rib can be contrasted with the others as floating ribs.
Each rib has a head, neck and a body. The junction between the neck and the body is at the tubercle. The head and the tubercle each have an articular facet. From the 2nd to the 10th rib, the articular facet of the head is divided into two by the crest of the head of the rib. Lateral from the tubercle is the angle of the rib. With the exception of the 1 st, 11th and 12th, all ribs have a costal sulcus on the lower surface 

The 1st rib is small and flattened. On the inner circumference of its cranial surface is an area of roughness, the scalene tubercle. Posterior to it lies the sulcus of the subclavian artery, and in front of it is the sulcus of the subclavian vein. The 2nd rib has tuberosity for the serratus anterior muscle.
The ribs are elastic arches of bone, which form a large part of the thoracic skeleton. They are twelve in number on either side; but this number may be increased by the development of a cervical or lumbar rib, or may be diminished to eleven. The first seven are connected behind with the vertebral column, and in front, through the intervention of the costal cartilages, with the sternum ; they are called true or vertebro- sternal ribs. The remaining five are false ribs; of these, the first three have their cartilages attached to the cartilage of the rib above (vertebro-chondral): the last two are free at their anterior extremities and are termed floating or vertebral ribs. The ribs vary in their direction, the upper ones being less oblique than the lower; the obliquity reaches its maximum at the ninth rib, and gradually decreases from that rib to the twelfth. The ribs are situated one below the other in such a manner that spaces called intercostal spaces are left between them. The length of each space corresponds to that of the adjacent ribs and their cartilages; the breadth is greater in front than behind, and between the upper than the lower ribs. The ribs increase in length from the first to the seventh, below which they diminish to the twelfth. In breadth they decrease from above downward; in the upper ten the greatest breadth is at the sternal extremity 

Common Characteristics of the Ribs. A rib from the middle of the series should be taken in order to study the common characteristics of these bones .
Each rib has two extremities, a posterior or vertebral, and an anterior or sternal, and an intervening portion—the body or shaft. 

Posterior Extremity.—The posterior or vertebral extremity presents for examination a head, neck, and tubercle. The head is marked by a kidney-shaped articular surface, divided by a horizontal crest into two facets for articulation with the depression formed on the bodies of two adjacent thoracic vertebr; the upper facet is the smaller; to the crest is attached the interarticular ligament.  The neck is the flattened portion which extends lateralward from the head; it is about 2.5 cm. long, and is placed in front of the transverse process of the lower of the two vertebr with which the head articulates. Its anterior surface is flat and smooth, its posterior rough for the attachment of the ligament of the neck, and perforated by numerous foramina. Of its two borders the superior presents a rough crest (crista colli costae) for the attachment of the anterior costotransverse ligament; its inferior border is rounded. On the posterior surface at the junction of the neck and body, and nearer the lower than the upper border, is an eminence—the tubercle; it consists of an articular and a non-articular portion. The articular portion, the lower and more medial of the two, presents a small, oval surface for articulation with the end of the transverse process of the lower of the two vertebr to which the head is connected. The non- articular portion is a rough elevation, and affords attachment to the ligament of the tubercle. The tubercle is much more prominent in the upper than in the lower ribs 

Body.—The body or shaft is thin and flat, with two surfaces, an external and an internal; and two borders, a superior and an inferior. The external surface is convex, smooth, and marked, a little in front of the tubercle, by a prominent line, directed downward and lateralward; this gives attachment to a tendon of the Iliocostalis, and is called the angle 

Peculiar ribs At this point the rib is bent in two directions, and at the same time twisted on its long axis. If the rib be laid upon its lower border, the portion of the body in front of the angle rests upon this border, while the portion behind the angle is bent medialward and at the same time tilted upward; as the result of the twisting, the external surface, behind the angle, looks downward, and in front of the angle, slightly upward. The distance between the angle and the tubercle is progressively greater from the second to the tenth ribs. The portion between the angle and the tubercle is rounded, rough, and irregular, and serves for the attachment of the Longissimus dorsi. The internal surface is concave, smooth, directed a little upward behind the angle, a little downward in front of it, and is marked by a ridge which commences at the lower extremity of the head; this ridge is strongly marked as far as the angle, and gradually becomes lost at the junction of the anterior and middle thirds of the bone. Between it and the inferior border is a groove, the costal groove, for the intercostal vessels and nerve. At the back part of the bone, this groove belongs to the inferior border, but just in front of the angle, where it is deepest and broadest, it is on the internal surface. The superior edge of the groove is rounded and serves for the attachment of an Intercostalis internus; the inferior edge corresponds to the lower margin of the rib, and gives attachment to an Intercostalis externus. Within the groove are seen the orifices of numerous small foramina for nutrient vessels which traverse the shaft obliquely from before backward. The superior border, thick and rounded, is marked by an external and an internal lip, more distinct behind than in front, which serve for the attachment of Intercostales externus and internus. The inferior border is thin, and has attached to it an Intercostalis externus 

Anterior Extremity.—The anterior or sternal extremity is flattened, and presents a porous, oval, concave depression, into which the costal cartilage is received 

Peculiar Ribs.—The first, second, tenth, eleventh, and twelfth ribs present certain variations from the common characteristics described above, and require special consideration 

First Rib.—The first rib is the most curved and usually the shortest of all the ribs; it is broad and flat, its surfaces looking upward and downward, and its borders inward and outward. The head is small, rounded, and possesses only a single articular facet, for articulation with the body of the first thoracic vertebra. The neck is narrow and rounded. The tubercle, thick and prominent, is placed on the outer border. There is no angle, but at the tubercle the rib is slightly bent, with the convexity upward, so that the head of the bone is directed downward. The upper surface of the body is marked by two shallow grooves, separated from each other by a slight ridge prolonged internally into a tubercle, the scalene tubercle, for the attachment of the Scalenus anterior; the anterior groove transmits the subclavian vein, the posterior the subclavian artery and the lowest trunk of the brachial plexus. 22 Behind the posterior groove is a rough area for the attachment of the Scalenus medius. The under surface is smooth, and destitute of a costal groove. The outer border is convex, thick, and rounded, and at its posterior part gives attachment to the first digitation of the Serratus anterior; the inner border is concave, thin, and sharp, and marked about its center by the scalene tubercle. The anterior extremity is larger and thicker than that of any of the other ribs 

Second Rib.—The second rib is much longer than the first, but has a very similar curvature. The non-articular portion of the tubercle is occasionally only feebly marked. The angle is slight, and situated close to the tubercle. The body is not twisted, so that both ends touch any plane surface upon which it may be laid; but there is a bend, with its convexity upward, similar to, though smaller than that found in the first rib 

The body is not flattened horizontally like that of the first rib. Its external surface is convex, and looks upward and a little outward; near the middle of it is a rough eminence for the origin of the lower part of the first and the whole of the second digitation of the Serratus anterior; behind and above this is attached the Scalenus posterior. The internal surface, smooth, and concave, is directed downward and a little inward: on its posterior part there is a short costal groove 

Eleventh and Twelfth Ribs.—The eleventh and twelfth ribs (Figs. 127 and 128) have each a single articular facet on the head, which is of rather large size; they have no necks or tubercles, and are pointed at their anterior ends. The eleventh has a slight angle and a shallow costal groove. The twelfth has neither; it is much shorter than the eleventh, and its head is inclined slightly downward. Sometimes the twelfth rib is even shorter than the first 

Structure.—The ribs consist of highly vascular cancellous tissue, enclosed in a thin layer of compact bone 

Ossification.—Each rib, with the exception of the last two, is ossified from four centers; a primary center for the body, and three epiphysial centers, one for the head and one each for the articular and non-articular parts of the tubercle. The eleventh and twelfth ribs have each only two centers, those for the tubercles being wanting 

Ossification begins near the angle toward the end of the second month of fetal life, and is seen first in the sixth and seventh ribs. The epiphyses for the head and tubercle make their appearance between the sixteenth and twentieth years, and are united to the body about the twenty-fifth year. Fawcett 23 states that “in all probability there is usually no epiphysis on the non-articular part of the tuberosity below the sixth or seventh rib 

Sternum (Breast Bone) The sternum consists of the manubrium sterni, the body and the xiphoid process. Between the manubrium and the body lies the sternal angle. At the cranial end of the manubrium sterni is the jugular notch and lateral to it on either side the clavicular notches. The sternum has costal notches for a continuous cartilaginous joint with the I- VII ribs 

The sternum is an elongated, flattened bone, forming the middle portion of the anterior wall of the thorax. Its upper end supports the clavicles, and its margins articulate with the cartilages of the first seven pairs of ribs. It consists of three parts, named from above downward, the manubrium, the body or gladiolus, and the xiphoid process; in early life the body consists of four segments or sternebrae. In its natural position the inclination of the bone is oblique from above, downward and forward. It is slightly convex in front and concave behind; broad above, becoming narrowed at the point where the manubrium joins the body, after which it again widens a little to below the middle of the body, and then narrows to its lower extremity. Its average length in the adult is about 17 cm., and is rather greater in the male than in the female 

Manubrium (manubrium sterni).—The manubrium is of a somewhat quadrangular form, broad and thick above, narrow below at its junction with the body 

Surfaces.—Its anterior surface, convex from side to side, concave from above downward, is smooth, and affords attachment on either side to the sternal origins of the Pectoralis major and Sternocleidomastoideus. Sometimes the ridges limiting the attachments of these muscles are very distinct. Its posterior surface, concave and smooth, affords attachment on either side to the Sternohyoideus and Sternothyreoideus 

Lateral border of sternum Borders.—The superior border is the thickest and presents at its center the jugular or presternal notch; on either side of the notch is an oval articular surface, directed upward, backward, and lateralward, for articulation with the sternal end of the clavicle 

The inferior border, oval and rough, is covered in a fresh state with a thin layer of cartilage, for articulation with the body. The lateral borders are each marked above by a depression for the first costal cartilage, and below by a small facet, which, with a similar facet on the upper angle of the body, forms a notch for the reception of the costal cartilage of the second rib. Between the depression for the first costal cartilage and the demi-facet for the second is a narrow, curved edge, which slopes from above downward and medialward 

Body (corpus sterni; gladiolus).—The body, considerably longer, narrower, and thinner than the manubrium, attains its greatest breadth close to the lower end 

Surfaces.—Its anterior surface is nearly flat, directed upward and forward, and marked by three transverse ridges which cross the bone opposite the third, fourth, and fifth articular depressions. It affords attachment on either side to the sternal origin of the Pectoralis major. At the junction of the third and fourth pieces of the body is occasionally seen an orifice, the sternal foramen, of varying size and form. The posterior surface, slightly concave, is also marked by three transverse lines, less distinct, however, than those in front; from its lower part, on either side, the Transversus thoracis takes origin 

Borders.—The superior border is oval and articulates with the manubrium, the junction of the two forming the sternal angle (angulus Ludovici). The inferior border is narrow, and articulates with the xiphoid process. Each lateral border, at its superior angle, has a small facet, which with a similar facet on the manubrium, forms a cavity for the cartilage of the second rib; below this are four angular depressions which receive the cartilages of the third, fourth, fifth, and sixth ribs, while the inferior angle has a small facet, which, with a corresponding one on the xiphoid process, forms a notch for the cartilage of the seventh rib. These articular depressions are separated by a series of curved interarticular intervals, which diminish in length from above downward, and correspond to the intercostal spaces. Most of the cartilages belonging to the true ribs, as will be seen from the foregoing description, articulate with the sternum at the lines of junction of its primitive component segments. This is well seen in many of the lower animals, where the parts of the bone remain ununited longer than in man 

Xiphoid Process (processus xiphoideus; ensiform or xiphoid appendix).—The xiphoid process is the smallest of the three pieces: it is thin and elongated, cartilaginous in structure in youth, but more or less ossified at its upper part in the adult 

Its anterior surface affords attachment on either side to the anterior costoxiphoid ligament and a small part of the Rectus abdominis; its posterior surface, to the posterior costoxiphoid ligament and to some of the fibers of the diaphragm and Transversus thoracis, its lateral borders, to the aponeuroses of the abdominal muscles 

Above, it articulates with the lower end of the body, and on the front of each superior angle presents a facet for part of the cartilage of the seventh rib; below, by its pointed extremity, it gives attachment to the linea alba. The xiphoid process varies much in form; it may be broad and thin, pointed, bifid, perforated, curved, or deflected considerably to one or other side 

Structure.—The sternum is composed of highly vascular cancellous tissue, covered by a thin layer of compact bone which is thickest in the manubrium between the articular facets for the clavicles 

Ossification.—The sternum originally consists of two cartilaginous bars, situated one on either side of the median plane and connected with the cartilages of the upper nine ribs of its own side. These two bars fuse with each other along the middle line to form the cartilaginous sternum which is ossified from six centers: one for the manubrium, four for the body, and one for the xiphoid process (Fig. 118). The ossific centers appear in the intervals between the articular depressions for the costal cartilages, in the following order: in the manubrium and first piece of the body, during the sixth month; in the second and third pieces of the body, during the seventh month of fetal life; in its fourth piece, during the first year after birth; and in the xiphoid process, between the fifth and eighteenth years. The centers make their appearance at the upper parts of the segments, and proceed gradually downward. 20 To these may be added the occasional existence of two small episternal centers, which make their appearance one on either side of the jugular notch; they are probably vestiges of the episternal bone of the monotremata and lizards. Occasionally some of the segments are formed from more than one center, the number and position of which vary. Thus, the first piece may have two, three, or even six centers. When two are present, they are generally situated one above the other, the upper being the larger; the second piece has seldom more than one; the third, fourth, and fifth pieces are often formed from two centers placed laterally, the irregular union of which explains the rare occurrence of the sternal foramen, or of the vertical fissure which occasionally intersects this part of the bone constituting the malformation known as fissura sterni; these conditions are further explained by the manner in which the cartilaginous sternum is formed. More rarely still the upper end of the sternum may be divided by a fissure. Union of the various centers of the body begins about puberty, and proceeds from below upward; by the age of twenty-five they are all united. The xiphoid process may become joined to the body before the age of thirty, but this occurs more frequently after forty; on the other hand, it sometimes remains ununited in old age. In advanced life the manubrium is occasionally joined to the body by bone. When this takes place, however, the bony tissue is generally only superficial, the central portion of the intervening cartilage remaining unossified 

Ossification of the sternum Articulations.—The sternum articulates on either side with the clavicle and upper seven costal cartilages 

Thorax. The skeleton of the thorax or chest is an osseo-cartilaginous cage, containing and protecting the principal organs of respiration and circulation. It is conical in shape, being narrow above and broad below, flattened from before backward, and longer behind than in front. It is somewhat reniform on transverse section on account of the projection of the vertebral bodies into the cavity 

The thorax from behind. (Spalteholz.) Boundaries.—The posterior surface is formed by the twelve thoracic vertebra and the posterior parts of the ribs. It is convex from above downward, and presents on either side of the middle line a deep groove, in consequence of the lateral and backward direction which the ribs take from their vertebral extremities to their angles. The anterior surface, formed by the sternum and costal cartilages, is flattened or slightly convex, and inclined from above downward and forward. The lateral surfaces are convex; they are formed by the ribs, separated from each other by the intercostal spaces, eleven in number, which are occupied by the Intercostal muscles and membranes.
The upper opening of the thorax is reniform in shape, being broader from side to side than from before backward. It is formed by the first thoracic vertebra behind, the upper margin of the sternum in front, and the first rib on either side. It slopes downward and forward, so that the anterior part of the opening is on a lower level than the posterior 

Its antero-posterior diameter is about 5 cm., and its transverse diameter about 10 cm 

The lower opening is formed by the twelfth thoracic vertebra behind, by the eleventh and twelfth ribs at the sides, and in front by the cartilages of the tenth, ninth, eighth, and seventh ribs, which ascend on either side and form an angle, the subcostal angle, into the apex of which the xiphoid process projects. The lower opening is wider transversely than from before backward, and slopes obliquely downward and backward, it is closed by the diaphragm which forms the floor of the thorax 

The thorax from the right. (Spalteholz.) The thorax of the female differs from that of the male as follows: 1. Its capacity is less. 2. The sternum is shorter. 3. The upper margin of the sternum is on a level with the lower part of the body of the third thoracic vertebra, whereas in the male it is on a level with the lower part of the body of the second. 4. The upper ribs are more movable, and so allow a greater enlargement of the upper part of the thorax 

Methodology of practical work 
 1. Self study anatomy of chest bones
2. Independently, in active consultation teacher, using textbooks and atlases, learn anatomy ribs, sternum. 

The program of independent work

	Training tasks
	Concrete definition of tasks

	1. Study the types of bones of skeleton.
	1. To find the parts of spongy bones.

2. To show the flat bones of skeleton.

3. To find mixed bones of skeleton.

	2. Study the structure of sternum.
	1. To find the parts of sternum.

2. To find an angle and notches of sternum.

	3. Study the structure of ribs.
	1. To give the classification of ribs.

2. To find the bony and cartilaginous parts of a rib.

3. To find formations at the head, neck and a body of a rib.

4. Study the features of 1-st, 11-th, 12-th ribs.

	4. Describe X-ray of a thoracic cage.
	1. Find the sternum, posterior and anterior ends of ribs and the substernal angle on the X-ray.

	5 . Study the types of ossification.
	1. Endesmal, perichondral, periosteal, endochondral.


The student has to do the notes according to all items of independent work (write the dictionary of anatomical terms; reflect the features of a structure of sternum, ribs, bones of the shoulder girdle).

Tests and situational tasks 

1. What is in the chest? 
A. 12 pairs of ribs, sternum and lumbar spine 
B. 8 pairs of ribs, sacrum, thoracic spine 
C. 12 pairs of ribs, sternum and thoracic spine
 D. 10 pairs of ribs, sacrum, cervical spine
 E. clavicle, scapula, thoracic spine 
2. What ribs are called true? 
A. 7 Upper couples
B. upper 5 pairs 
C. Lower 7 pairs
D. the lower 5 pairs 
E. ribs 11 and 12
 3. What is the surface scoop? 
A. Front, rear 
B. Internal, external 
C. Right, Left 
D. The top, bottom 
E. Lower, lateral 
4. As a result of Kulevi damage the ribs has been injured. What are called vibrational ribs? 
A. I-V
B. XI, XII 
C. V-VII 
D. VI-VIII
E. VII-X 
5. As a result of falling from a height, 45 years old man injured rib, which contained tubercle staircases muscle. In what rib there is rib hump for front staircases muscle? 
A. IV 
B. II 
C V
D. I 
E. III 
References: 

а) basic 

1. Gray's Anatomy for Students / Richard L. Drake Ph.D, A. Wayne Vogl, Adam W.M. Mitchell, - 2010, 2092 p 

2. Clinically Oriented Anatomy / by Keith L. Moore, Anne M. R. Agur, 2013 

3. Atlas of Human Anatomy / Frank H. Netter,- 5 edition, - 2011 by Saunders, an Imprint of Elsevior Inc 4. Materials preparation for lecture 5. Materials preparation for practical classes 

b) additional

1. Lecture .

2. Human anatomy & physiology / Elaine N. Marieb, Katja Hoehn., San Francisco : Benjamin Cummings, 2010., 8th edition .
3.   "Human Anatomy", V.G.Koveshnikov, 2011
4  "Atlas of Human Anatomy", Sobotta, 2010
5  "A Color Atlas of Human Anatomy", R.M.H.McMinn, R.T.Hutchings, J.Pegington, 2006
6  "Gray's Anatomy", Henry Gray F.R.S., 2001
Correct answers to tests and situational tasks: 1. C., A. 2, A. 3, B. 4. 5. D 


 Questions for final control:

1. Which are parts of axial skeleton?

2. Which are the bones of thorax?

3. Classification of ribs, parts of ribs, their anatomical formations.

4. Belonging of ribs to the right or left halves of thorax.

5. Features of 1-st, 11-th, 12-th ribs.
6. Parts of sternum. Its structure.

7. Why is a sternum used for puncture of bone marrow?

8. How many ossification centers do sternum and ribs have?

9. Order, terms of ossification and synostosing of trunk bones.

10. Anomalies and variants of development of trunk bones.

11. X-ray of thorax.

Control of knowledge with the help of situational tasks

1. During medical examination of 10 years-old child a pediatrist has found out a flexure of a spinal column to the left in its thoracic part. What can be diagnosed in a patient?

A. Cervical kyphosis

B. Right-side lumbar scoliosis

C. Thoracic lordosis

D. Left-side thoracic scoliosis

E. Lumbar lordosis

2. On reception to the doctor a 20 years old man was arrived with complaints on a pain in the region of inferior part of breast bone. From anamnesis: jumped from a tower in water and has hit on a stone and feel discomfort in this region. Fracture of what formation of a breast bone has taken place during the jump?

A. Handle of the sternum

B. Angle of the sternum

C. Body of the sternum

D. Xiphoid process

E. Acinaciform process

3. A patient at road accident has received a trauma in the region of the handle of a sternum. Morbidity and tumescence are marked at the palpation. Damage of what ribs from listed below is possible?

A. III - IV ribs

B. V - VI ribs

C. I - III ribs

D. IX - X ribs

E. I-II ribs

4. As a result of road accident there was a fracture of 3-4-5 ribs on the right side in middle part of the chest. What part of ribs has undergone to a trauma?

A. Body of a rib

B. Neck of a rib

C. Head of a rib

D. Articular prosess of a ribs

E. Crest of a rib

5. At medical examination in patient have found out a flat type of a thoracic cage. For what somatotype such form is specific?

A. Dolichomorphic

B. Brachimorphic

C. Dolichocephal

D. Brachicephal

E. Mesomorphic

NEXT TOPIC: THE SCAPULA, THE CLAVICLE, THE HUMERUS
