



Internal mammary artery
(Internal thoracic artery)

Course and relations:- Begins in the lower part of the neck as a branch from the 1st part of subclavian A. → Descends vertically over the pleura behind the upper 6 costal cartilages & 1 cm lateral to the sternum → Ends in the 6th intercostal space by dividing into  2 terminal branches
   1- Superior epigastric artery

   2- Musculophrenic artery
Branches:-
  1- Two anterior intercostal arteries for each of the upper 6 intercostal spaces

  2- Perforating branches

  3- Pericardiophrenic:- Supplies the pericardium & diaphragm
  4- Mediastinal branches:- To the anterior mediastinum 
  5- Terminal branches that are:

      a- Superior epigastric artery:- Enters the rectus sheath & supplies the upper part of rectus abdominis muscle as far as the umbilicus
      b- Musculophrenic artery:- passes along the costal margin and supplies the lower intercostal spaces and the diaphragm
Intercostal arteries

A) Anterior intercostal arteries:-

   - In the upper 9 intercostal spaces only
   - The lower 2 intercostal spaces (10th and 11th spaces) have no anterior intercostal arteries

   - Two arteries for each intercostal space of the upper 9 spaces

   - In the upper 6 spaces they are branches from internal mammary A.
   - In the 7th, 8th and 9th spaces they are branches from musculophrenic artery that is one of the 2 terminal divisions of the internal mammary A.
B) Posterior intercostal arteries:-

  - In all intercostal spaces from the 1st to 11th
   - One for each space

   - In the upper 2 spaces arise from the superior intercostal A. that is a branch from costocervical trunk that is a branch from subclavian A.
   - In the lower 9 spaces arise from the back of descending thoracic aorta
   - Run in the costal groove of the rib above

   - Each posterior intercostal artery gives a collateral branch that runs along the upper border of the rib below

   - The posterior intercostal artery and its collateral branch end by anastomosis with the anterior intercostal arteries
Intercostal veins

A) Anterior intercostal veins:-

  - In the upper 9 spaces only
  - Accompany the anterior I.C.As.
  - drain into the musculophrenic and internal thoracic veins
B) Posterior intercostal veins:- In all the 11 spaces 
 І- on the right side:-

    - The 1st → into the right innominate (brachiocephalic) vein

    - The 2nd and 3rd → unite to form the right superior intercostal vein that drains into the arch of azygos

    - From the 4th to the 11th → into azygos vein

 ІІ- on the left side:-

    - The 1st → into the left innominate vein

    - The 2nd and 3rd  → unite to form the left superior intercostal vein that drains into the left innominate vein

    - From the 4th to 8th → into the superior hemiazygos vein

    - From the 9th to 11th → into the inferior hemiazygos vein

Internal mammary vein

Beginning:- Behind the 3rd costal cartilage by the union of  the venae comitantes of the IMA 
End:- Into the innominate (Brachiocephalic) vein
Intercostal nerves

Definition:- they are the anterior rami of the upper 11 thoracic nerves

Number:- 

   - 11 in number = one for each intercostal space

   - From the 3rd to 6th are called typical intercostal nerves 
   - The upper 2 and lower 5 are called atypical intercostal nerves because each one of them has its characteristic features

Typical intercostal nerves

Course and relations:-

  1- In the posterior part of the intercostal space it passes between the posterior intercostal membrane and the parietal pleura
  2- Near the angle of the rib, passes anteriorly between the internal intercostal and innermost intercostal muscles
  3- In the anterior part of the intercostal space it passes anterior to sternocostalis and the I.M.Vs.
  4- Near the sternum it runs forwards to end as the anterior cutaneous branch

Branches:-

1- Muscular branches:- To the intercostal muscles

 2- Collateral branch: To the intercostal muscles

 3- Lateral cutaneous nerve:- Divides into anterior & posterior branches that supply the skin of lateral aspect of chest
 4- Anterior cutaneous nerve: that is the termination of the typical intercostal nerve. Divides into medial & lateral branches that supply the skin near the midline of chest 
5- Pleural branches:- Sensory to parietal pleura

6- Peritoneal branches:- Sensory to peritoneum. From the lower I.C.Ns. 

7- Communicating branches:- to the sympathetic ganglia
Why the atypical intercostal nerves are atypical

1- The 1st:- Because
    - Very small

    - Has no anterior cutaneous branch
    - Connected to the brachial plexus 
2- The 2nd:- Its lateral cutaneous branch forms the intercosto-brachial nerve to the medial aspect of the arm
3- The 7th – 11th:- They continue to supply the anterior abdominal wall
External intercostal muscle

Origin:- Lower border of the rib above

Insertion:- Upper surface of the rib below
N.S:- I.C.Ns.
Action:- Inspiratory
Direction:- Antero-inferiorly 

Internal intercostal muscle

Origin:- The inferior edge of costal groove of the rib above
Insertion:- Upper surface of the rib below
N.S:- I.C.Ns.
Action:- Expiratory (But the intercartilaginous is inspiratory)
Direction:- Postero-inferiorly 
Innermost intercostal muscle

Origin:- From the inner surface of the rib above
Insertion:- Into the upper border of the rib below
N.S:- I.C.Ns.
Action:- Expiratory
Direction:- Postero-inferiorly 
Transversus thoracis

Origin:- from the back of xiphoid process, lower part of the body of the sternum 
Insertion:- 3rd : 6th costal cartilages

Direction:- Supero-laterally

Action:- Depresses the 3rd – 6th costal cartilages

Subcostalis

Origin:-  The inner surface of one rib

Insertion:- The inner surface of the 2nd or 3rd rib below.

Lymphatic drainage of chest wall
A- Deep lymphatics drain into

  1- Parasternal lymph nodes (along the internal thoracic artery)

  2- Intercostal L.Ns. (At the head & neck of the ribs)

  3- Diaphragmatic L.Ns. = behind xiphoid process and at the site of perforation of the diaphragm by phrenic nerves

B- Superficial lymphatics drain into axillary L.Ns.
Boundaries of thoracic inlet

Anteriorly:- Jugular  notch (upper border of manubrium sterni)
Posteriorly:- 1st thoracic vertebra
Laterally:- The 1st ribs and their costal cartilages
N.B.
1- The upper 7 ribs are true ribs because their costal cartilages reach the sternum

2- The 8th, 9th & 10th ribs are false attached ribs

3- The last 2 ribs are floating ribs

4- The 3rd – 9th ribs are typical

5- Endothoracic fascia lies between the intercostal structures & pleura

6- Arterial supply of the chest wall = Anterior & posterior intercostal arteries
7- The pericardiophrenic A. accompanies phrenic N.

8- The anterior ramus of T12 forms the subcostal nerve

9- The collateral branch of the I.C.N. runs along the upper border of the rib below.
10- Parts of sternum = Manubrium, body and xiphoid process

11- Sternum articulates with the upper 7 costal cartilages

12- The 2nd costal cartilage articulates at the sternal angle

13- The 7th costal cartilage articulates at the xiphisternal junction

14- Jugular notch is at the level of the disc between T2 & T3

15- Sternal angle is at the level of the disc between T4 & T5

16- Xiphisternal junction is at the level of the lower border of 9th thoracic vertebra

17- Angle of Louis = Sternal angle

18- The manubrium sterni is related posteriorly to

    a- left innominate vein superiorly

    b- aortic arch inferiorly

19- The body of the sternum is related posteriorly to the pericardium

20- External intercostal muscle is replaced anteriorly by the anterior (External) intercostal membrane at the costal cartilage

21- Internal intercostal muscle is replaced posteriorly by the posterior (Internal) intercostal membrane at the angle of the rib

22- The collateral branch of typical I.C.N. arises near the angle of the rib

23- During inserting the intercostal needle or intercostal tube, should be inserted near the rib below (To avoid damage to the intercostal nerve & vessels) but high enough to avoid the collateral branches

Pleura 

1- The pleural sac consists of 2 layers; parietal & visceral

2- The visceral pleura is adherent to the surfaces of the lung and enters the fissures

3- The parietal and visceral pleurae are continuous together at the root of the lung to form the pulmonary sheath.

4- Pulmonary ligament is a downward extension from the pulmonary sheath

Parts of parietal pleura

1- Costal pleura:- related to ribs and intercostal spaces

2- Mediastinal pleura:- related to mediastinum

3- Diaphragmatic pleura:- related to upper surface of diaphragm

4- Cervical pleura:- in the root of the neck and covers the apex of the lung.

Pleural recesses

1- Costomediastinal recess:- between costal and mediastinal pleurae

2- Costo-diaphragmatic recess:- between the costal and diaphragmatic pleurae.

Nerve supply 
A- Visceral pleura:- Supplied by the autonomic nerves through the pulmonary plexuses (The same as the lung)

B- Parietal pleura:-

    1- Intercostal nerves:- Supply the cervical, costal & the peripheral part of diaphragmatic pleura

    2- Phrenic Ns.:- Supply the mediastinal & the central part of diaphragmatic pleura

Surface anatomy of the right pleura
The pleura of right lung is drawn between 7 points:-

1- The First point:- 3 cm above the medial 1/3 of the clavicle

2- The 2nd point:- on the sternum close to the midline at the sternal angle (opposite the 2nd costal cartilage)

3- The 3rd point:- on the sternum close to the midline opposite the 4th costal cartilage

4- The 4th point:- on the sternum close to the midline opposite the 6th costal cartilage

5- The 5th point:- on the 8th rib at the mid-clavicular line

6- The 6th point:- on the 10th rib at the mid-axillary line

7- The 7th point:- On the 12th rib at the lateral border of erector spinae
Surface anatomy of the left pleura 
The pleura of left lung is drawn between 7 points:-

1- The First point:- 

2- The 2nd point:- 
3- The 3rd point:- 
4- The 4th point:- on the 6th sternocostal junction
5- 5th point:- 

6- The 6th point:- 

7- The 7th point:- 
N.B.

1- The deepest part of costo-mediastinal recess is on the left side over the heart 

2- Costomediastinal recess is located anteriorly

3- Costodiaphragmatic recess is around the diaphragm

4- Parietal pleura is sensitive to pain while the visceral is not

Lungs
Borders of the lung

1- Anterior border:-

  - Sharp

  - Between the costal & medial surfaces 

  - Straight in the right lung

  - Not straight in the left lung due to the presence of the cardiac notch & lingula

2- Posterior border:- 
    - Rounded and smooth

    - Between the costal & medial surfaces 

3- Inferior border:- 

    - Sharp

    - Separates the base from the costal surface

Surfaces of the lung

1- Outer surface = Costal surface:- Related to the ribs & intercostal spaces

2- Medial surface = Mediastinal surface:- Related to the mediastinum anteriorly & vertebral column posteriorly
3- The base = inferior surface:
Root and hilum of the lung
A- Root:- It is the structures that enter into or come out from the lung. They are

    1- Main bronchus

    2- Pulmonary artery

    3- Two pulmonary veins

    4- Bronchial vessels

    5- Nerves

    6- Lymphatics

B- Hilum:- It is the site of the root = It is the site through which the structures of the root enter into or come out from the lung

Trachea and bronchi

1- The trachea ends at the level of the sternal angle by dividing into right and left primary bronchi

2- Each main bronchus divides into lobar bronchi (secondary bronchi) that supply the lobes; 3 on the right & 2 on the left

3- Each secondary bronchus divides into segmental bronchi (tertiary bronchi) that supply the broncho-pulmonary segments

4- Each tertiary bronchus divides into terminal bronchioles then into respiratory bronchioles then alveolar sacs

5- In conclusion:- Trachea → 2 primary bronchi → Secondary bronchi → Tertiary bronchi → Terminal bronchioles → Respiratory bronchioles → Alveolar sacs → Alveoli 

6- The walls of the trachea and bronchi are supported by C shaped rings of cartilage

7- The right bronchus is wider, shorter and more vertical than the left
Broncho-pulmonary segment

1- It is the area of the lung supplied by a segmental (tertiary) bronchus & a tertiary branch of pulmonary artery and drained by a tertiary part of pulmonary vein 

2- Pyramidal in shape

3- Its apex is towards the root of the lung

4- Its base is towards the pleura

5- It is the smallest functionally independent region of the lung

6- Can be removed without the affection of the adjacent parts of the lung

Bronchopulmonary segments of right lung
A- Superior lobe:-

   1- Apical

   2- Anterior 

   3- posterior

B- Middle lobe:-

   1- Medial

   2- Lateral

C- Inferior lobe:-

   1- Superior

   2- Anterior basal

   3- Posterior basal

   4- Medial basal

   5- Lateral basal

Bronchopulmonary segments of left lung

A- Superior lobe:-

   1- Apico-posterior (Merger of the apical & posterior)

   2- Anterior 

B- Lingula of superior lobe:-

   1- Superior lingular

   2- Inferior lingular
C- Inferior lobe:-

   1- Superior

   2- Antero-medial basal (Fusion of the anterior and medial basal)

   3- Posterior basal

   4- Lateral basal

Lymph drainage of the lungs + visceral pleura

Pulmonary L.Ns. → hilar (bronchopulmonary) L.Ns. → tracheobronchial L.Ns.→ Efferent lymphatics unite with the lymphatics from the parasternal and brachiocephalic nodes → Form the right and left broncho-mediastinal lymph trunks → 

    a- On the right side, drains into the right lymph duct
    b- On the left side, drains into thoracic duct
Blood supply of the lungs = by bronchial vessels

A) Arterial supply:-

    1- The right lung is supplied by one bronchial A. arising from the right 3rd posterior intercostal A. (But occasionally from the upper left bronchial A.)

    2- The left lung is supplied by 2 left bronchial arteries arising from the descending thoracic aorta

B) Venous drainage:- The bronchial veins drain into the pulmonary veins or into
    1- The right lung is drained by 2 right bronchial veins → Into azygos vein

    2- The left lung is drained by 2 left bronchial veins → Into superior hemiazygos vein or left superior intercostal vein.

Nerve supply of lungs and pleura

1- The lung and visceral pleura are supplied by the anterior and posterior pulmonary plexuses

2- The 2 plexuses contain 

    a- sympathetic fibers from upper 5 thoracic segments of spinal cord
    b- parasympathetic fibers from vagus nerves

3- The effects of sympathetic fibers are

    a- broncho-dilatation

    b- vaso-constriction

4- The effects of parasympathetic fibers are

    a- broncho-constriction

    b- vaso-dilatation

    c- secretomotor

N.B.
1- The apex of the lung projects into the root of the neck

2- Mention structures related to the mediastinal surfaces of the right & left lungs (From the diagram)

3- Bronchial arteries run on the posterior surface of the bronchi

4- The right lung is larger than the left because the mediastinum bulges into the left

Surface anatomy of the right lung

The right lung is drawn between 7 points

  1- The 1st point = a point 2.5 cm above the medial 1/3 of the clavicle

  2- The 2nd point = a point on the sternal angle ( opposite the 2nd costal      cartilage ) near the midline

  3- The 3rd point = a point on the sternum opposite the 4th costal cartilage near the midline

  4- The 4th point = a point on the sternum opposite the 6th costal cartilage near the midline

  5- The 5th point = a point on the 6th rib on the midclavicular line

  6- The 6th point = a point on the 8th rib on the midaxillary line

  7- The 7th point = a point on the 10th rib 1.5 cm lateral to the 10th thoracic spine. Then ascends vertically to reach the apex

Borders of the right lung:-

  1- Anterior border = represented by a line drawn between the 1st and 4th points and passing with the 2nd and 3rd

  2- Inferior border = represented by a curved line drawn between the 4th and 7th points and passing with the 5th and 6th points

  3- Posterior border = represented by a vertical line drawn between the 1st and 7th points

Surface anatomy of the left lung

The left lung is drawn between 7 points

 1- The 1st, 2nd and 3rd points are the same as in right lung

 2- The 4th point = on the left 6th costal cartilage one inch lateral to the sternum 
3- The 5th, 6th and 7th points are the same as in right lung

Borders of the left lung:-

  1- Anterior border = represented by a line drawn between the 1st and 4th points and passing with the 2nd and 3rd

  2- Inferior border = represented by a curved line drawn between the 4th and 7th points and passing with the 5th and 6th points

  3- Posterior border = represented by a vertical line drawn between the 1st and 7th points

Main differences between right and left lungs

	Left

	Right 
	

	Oblique fissure
	Oblique and horizontal fissures
	Fissures

	Superior and inferior
	Superior, middle and inferior
	Lobes

	Lighter
	Heavier
	Weight

	Smaller
	Larger
	Size

	Narrower
	Wider
	Width

	Longer
	Shorter
	Height

	Notched at the cardiac notch
	Straight
	Anterior margin


N.B.

1- The Right lung is shorter because the right cupola of diaphragm is higher than the left cupola due to the presence of the right lobe of liver below the right cupola.

2- The right bronchus is one inch  and the left is 2 inches long
Trachea

End:- Divides into right & left bronchi at or just below the level of a line drown between the sternal angle & the intervertebral disc between 4th & 5th thoracic vertebrae
Length:- 12 cm

N.B.

1- Esophagus & trachea are 

    a- Crossed on the right side by azygos arch

    b- Crossed on the left side by aortic arch

2- The aspirated foreign bodies lodge mainly in the right bronchus because it is wider & more vertical with the trachea than the left
	Left bronchus
	Right bronchus



	
	Wider


	
	Shorter


	More angulation with the trachea
	More in line with the trachea



Esophagus

Beginning:- At the lower border of cricoid cartilage opposite 6th cervical vertebra as a continuation of pharynx
End:- At the cardiac opening of stomach opposite the 11th thoracic vertebra
Length:- 10 inches

Arterial supply:- Branches from

    1- Left gastric artery

    2- Descending thoracic aorta

    3- Bronchial arteries

Venous drainage:- To

    1- Left gastric vein

    2- Azygos vein

    3- Hemiazygos vein

Lymph drainage:-

    1- Left gastric L.Ns.

    2- Posterior mediastinal L.Ns.

Nerve supply:- From

    1- Vagus nerves

    2- Sympathetic trunks
Constrictions:-

    1- At the beginning (pharyngeo-esophageal  junction)

    2- Where it is crossed by aortic arch

    3- Where it is crossed by left bronchus

    3- At the esophageal hiatus of diaphragm.

N.B.:-

1- Esophageal opening of diaphragm is at the level of 10th thoracic vertebra

2- The anterior vagal trunk is formed mainly from the left & few fibers from the right vagi
3- The posterior vagal trunk is formed mainly from the right & few fibers from the left vagi
Pericardium

Layers:-
  1- Fibrous pericardium:- it is the outer layer

  2- Serous pericardium:- it is a double layered sac (consists of 2 layers; parietal and visceral) inside the fibrous pericardium.

Arterial supply:-
  1- Branches from I.M.A.:-  Pericardiophrenic & Musculophrenic As.

  2- Inferior phrenic As.

  3- Descending thoracic aorta

Venous drainage:-
   1- I.M.V.

   2- Inferior phrenic Vs.

   3- Azygos system of Vs.

Nerve supply:-
1- Fibrous pericardium & parietal layer of serous pericardium:- By phrenic Ns.
2- Visceral layer of serous pericardium:- By autonomic Ns. (Cardiac plexus)
Fibrous pericardium

1- Cone-shaped

2- The apex is attached to the adventitia of the great vessels

3- The base is attached to the diaphragm

4- Its anterior surface is attached to sternum by sternopericardial ligaments 

Serous pericardium
It consists of 2 layers

1- Parietal layer:- lines the inner surface of fibrous pericardium

2- Visceral layer = Epicardium:- adherent to the surfaces of the heart

Pericardial sinuses

A- Transverse sinus:- Between

   1- Anteriorly:- ascending aorta & pulmonary trunk

   2- Posteriorly:- S.V.C. & left atrium

B- Oblique sinus:- Between

   1- On both sides:- Pulmonary veins   

   2- Anteriorly:- Visceral layer of serous pericardium lining the left atrium & pulmonary veins

   3- Posteriorly:- Parietal layer of serous pericardium lining the fibrous pericardium related to esophagus & descending aorta

N.B.:- The sternopericardial ligaments retain the heart in position
Heart

Surfaces of the heart

1- Anterior surface = Sternocostal surface:- formed by

    a- Right ventricle (The largest part)

    b- Left ventricle

    c- Right atrium
2- Inferior surface = Diaphragmatic surface:-

  - formed by the 2 ventricles

     a- 1/3 by the right ventricle


     b- 2/3 by the left ventricle

3- Right pulmonary surface:- Consists of right atrium
4- Left pulmonary surface:- Consists of left ventricle 
Borders

1- Right border:- By right atrium

2- Left margin:- By left ventricle 
3- Obtuse margin:- By left ventricle &  small part of left auricle
4- Inferior margin = Acute margin:- Formed by right ventricle & small part of left ventricle (At the apex)

               Base of the heart

1- Directed posteriorly, upward & to the right

2- Consists of:-

    a- Left atrium

    b- Small part of right atrium

    c- Proximal parts of S.V.C., I.V.C. & pulmonary veins

3- Lies opposite:-

    a- 5th – 8th thoracic vertebrae when supine

    b- 6th – 9th thoracic vertebrae when standing

Apex
1- Directed forward, downward & to the left

2- Formed by the left ventricle

3- Lies in the left 5th intercostal 8-9 cm from midsternal line

Sulci = Grooves

1- Coronary sulcus:-

    - Circles the heart

    - Separates the atria from ventricles

    - Contains:-

        a- Right coronary A.

        b- Circumflex branch of left coronary A.

        c- Coronary sinus

2- Anterior interventricular sulcus:-

    - On the anterior surface

    - Contains:-

        a- Anterior interventricular A.

        b- Great cardiac V.

3- Posterior interventricular sulcus:-

    - On the diaphragmatic surface

    - Contains:-

        a- Posterior interventricular A.

        b- Middle cardiac V.
Anatomy of right atrium

Features on the inner surface:-

1- Divided into 

    a- Anterior rough part (Atrium proper). Includes the right auricle

    b- Posterior smooth part = Sinus venarum = Sinus of venae cavae

2- The Anterior part (Including right auricle) is rough due to the presence of muscular ridges called musculi pectinati (Pectinate muscles)

3- The smooth part receives the openings of 3 veins 

    a- S.V.C.

    b- I.V.C.

    c- Coronary sinus

4- Crista terminalis is a vertical ridge between the rough & smooth parts 
5- Sulcus terminalis is opposite the crista terminalis on the outer surface

6- Fossa ovalis is a depression on the inter-atrial septum. 
7- Limbus fossa ovalis is the margin of fossa ovalis

8- Tricuspid orifice connects the right atrium with right ventricle

9- Tricuspid valve closes the tricuspid orifice during ventricular contraction

On the outer surface:- The right atrium forms

    1- The right part of anterior surface of the heart

    1- The right pulmonary surface

    3- The right border

Openings of right atrium:-

1- Superior vena cava opening

2- Inferior vena cava opening

3- Coronary sinus opening
4- The openings of venae cordi minimi

5- Tricuspid orifice

6- Anterior cardiac veins

Differences between right and left atria

	Left atrium
	Right atrium


	

	smaller
	Larger

	Size & cavity

	Thicker
	Thinner

	Wall

	- Smooth 

- The roughness is in the left auricle only
	Rough part anteriorly and smooth part posteriorly


	Inner surface

	Only in the left auricle
	In the rough part
	Pectinate muscles (musculi pectinati)



	4 pulmonary veins
	S.V.C, I.V.C. and coronary sinus


	Blood enters through

	Mitral orifice
	Tricuspid orifice
	Blood leaves through



	No
	Fossa ovalis and annulus ovalis


	Characteristic features


Anatomy of right ventricle

A- The inner surface:-

1- Divided into

   a- Inflowing part = Just below tricuspid valve:- Rough 

   b- Outflowing part (infundibulum):- Smooth

2- The inflowing part is rough due to the presence of muscular structures called trabeculae carneae

3- The papillary muscles arise from the ventricular wall

4- The chordae tendineae arise from the apices of papillary muscles then get attached to the cusps of tricuspid valve

5- There are 3 papillary muscles that are:-

     a- anterior 

     b- posterior 
     c- septal 

6- The infundibulum leads to the pulmonary trunk

7- The opening into pulmonary trunk is closed by the pulmonary valve during ventricular relaxation

8- Pulmonary valve consists of 3 semilunar cusps

    a- Right 
    b- Left

    c- Anterior

9- The tricuspid orifice conducts the blood from the right atrium to right ventricle

10- tricuspid orifice is closed by tricuspid valve during right ventricular contraction

B- The outer surface:- Forms part of the anterior & inferior surfaces of the heart

Anatomy of left ventricle

The inner surface:-

1- Divided into

   a- Inflowing part = Just below mitral valve:- Rough 

   b- Outflowing part (aortic vestibule):- Smooth

2- The inflowing part is rough due to the presence of muscular bundles called trabeculae carneae

3- The papillary muscles arise from the ventricular wall

4- The chordae tendineae arise from the apices of papillary muscles then get attached to the cusps of mitral valve

5- There are 2 papillary muscles that are:-

     a- anterior 

     b- posterior 
6- The aortic vestibule leads to the ascending aorta

7- The opening into ascending aorta is closed by the aortic valve during ventricular relaxation

8- Aortic valve consists of 3 semilunar cusps

    a- Right 
    b- Left

    c- Posterior

9- The mitral orifice = Left atriventricular orifice conducts the blood from the left atrium to left ventricle

10- Mitral orifice is closed by mitral valve during left ventricular contraction

B- The outer surface:- 

1-Forms part of the anterior, left pulmonary & inferior surfaces of the heart

2- Forms the apex of the heart

Differences between right and left ventricles
	Left 
	Right 

	

	
	Wider & shorter


	Cavity

	
	Thinner

	Wall

	
	Larger

	Trabeculae carneae

	
	- Smaller

- 3 in number


	Papillary muscles


	
	Infundibulum
	The smooth part is called



	
	Tricuspid orifice

	Blood enters through

	
	Pulmonary trunk
	Blood leaves to


	
	Lower

	Pressure


Blood supply of the heart
A- Arterial supply
1- Right coronary artery:-
  Course:- Arises from the right aortic sinus of ascending aorta → Passes between the pulmonary trunk and right auricle → Reaches the coronary sulcus → Descends vertically in the coronary sulcus between the right atrium & right ventricle → Reaches the lower border of the heart → Turns posteriorly → Reaches the inferior surface → Gives the posterior interventricular A.
 Branches:

1- Artery of SA node (Artery of sinu-atrial node)

2- Branch to AV node ( Atrio-ventricular node)

3- Right marginal artery:- Passes towards the apex
4- Posterior interventricular artery:
    - Passes in the posterior interventricular groove

    - Ends by anastomosis with the anterior interventricular artery
2- Left coronary artery:-

Course:- Arises from the left aortic sinus then → Passes between pulmonary trunk & left auricle → ends behind the pulmonary trunk by dividing into 2 terminal branches that are
        a- A.I.V.A.

        b- Circumflex artery
Branches:
   1- Circumflex artery:- 

      - Descends to the left in coronary sulcus → Reaches the diaphragmatic surface

      - Gives a branch called left marginal artery
   2- Anterior interventricular artery:-

     - Descends in the anterior interventricular groove towards the apex of the heart → winds around the inferior margin of the heart to reach the inferior interventricular groove → ends by anastomosis with the posterior interventricular artery
     - May give 1-2 diagonal branches on the anterior surface
B- Venous drainage

1- Coronary sinus

Site:- In the coronary sulcus on the posterior surface 

Length:- 2.5 cm
End:- In the right atrium between the opening of I.V.C. & tricuspid orifice
-Tributaries:
   1- Great cardiac vein

   2- Middle C.V.
   3- Small C.V.   
   4- Posterior C.V.
   5- Oblique vein of left atrium

2- Anterior cardiac veins = Anterior Vs. of right ventricle

- Begin on the anterior surface of R.V. → cross the coronary sulcus → open into the anterior  wall of R.A.
- May include the right marginal vein

3- Venae cordi minimi 

- Open into all of the chambers
- More in the right atrium & right ventricle

   Surface anatomy of the heart

The heart is drawn between 4 points

  1- The 1st point = the point of the apex = in the 5th left intercostals space three and half inches (9 cm) from midline 

  2- The 2nd point = a point on the lower border of the left 2nd costal cartilage 1.5 inches from midline

  3- The 3rd point = a point on the upper border of the right 3rd costal cartilage one inch from midline

  4- The 4th point = on the right 6th costal cartilage 0.5 inch from the sternocostal junction

The 4 borders of the heart are represented by 4 lines

   A) The upper border is represented by a straight line drawn between 2 points that are

   B) The left border is represented by a line drawn between 2 points that are

   C) The right border is represented by a line drawn between 2 points that are

   D) The inferior border is represented by a line drawn between 2 points that are

Surface anatomy of the valves of the heart

  1- Pulmonary valve:- Represented by a point on the left border of sternum at the level of left 3rd sternocostal junction
  2- Aortic valve:- Represented by a point on the left border of the sternum at the level of left 3rd intercostal space

  3- Mitral valve:- Represented by a point on the left border of sternum at the level of left 4th sternocostal junction
  4- Tricuspid valve:- Represented by a point on the sternum at the level of 4th intercostal space in the midline

Innervation of the heart

By the cardiac plexus that consists of 2 parts
1- Superficial part:- Between aortic arch & pulmonary trunk = Below the aortic arch

2- Deep part:- Between the aortic arch & tracheal bifurcation = Behind the aortic arch = In front of the tracheal bifurcation

Cardiac plexus consists of sympathetic & parasympathetic fibers:-

1- Sympathetic fibers:- From T1 – T4
2- Parasympathetic fibers:- From

    a- Right & left vagi

    b- R.L.Ns.

Effects:-

1- Sympathetic stimulation → 

    a- Increases heart rate

    b- Increases the force of contraction 

2- Parasympathetic stimulation  

    a- Decreases heart rate

    b- Decreases the force of contraction

    c- Constricts the coronary arteries 

Conducting system of the heart

1- SA node (Sinu-atrial node):- At the junction between S.V.C. & right atrium
2- AV node (Atrio-ventricular node):-
    - In the lower part of I.A.S.

    - Near the orifice of coronary sinus

3- AV bundle (Atrio-ventricular bundle):- 

    - Between the atrial & ventricular myocardium → Divides into right & left bundles → Ramify to form purkinje fibers
N.B.

1- The heart lies

    a- Behind the sternum & costal cartilages (3 – 6)

    b- In front of thoracic vertebrae (5 – 8). But when standing, T6 – T9

2- One third of the heart lies to the right of midline

3- The coronary sulcus contains

    a- Right coronary A.

    b- Circumflex branch of left coronary A.

    c- Coronary sinus

4- The anterior interventricular groove contains

    a- Anterior interventricular A.

    b- Great cardiac vein

5- The posterior I.V. groove contains

    a- Posterior I.V. artery

    b- Middle cardiac vein

6- Right atrio-ventricular canal & valve = Tricuspid orifice & valve

7- Left atrio-ventricular canal & valve = Mitral orifice & valve

8- The cusps of tricuspid valve are

    a- Anterior

    b- Posterior

    c- Septal

9- The cusps of mitral valve are

    a- Anterior

    b- Posterior

10- The aortic sinuses are dilatations in the beginning of ascending aorta above the cusps of aortic valve

    a- Right

    b- Left

    c- Posterior

11- Posterior aortic sinus & cusp are called noncoronary sinus & cusp because ………….. …………….. ………………

12- The I.V.S. consists of 2 parts

    a- Muscular part:- The greater lower part

    b- Membranous part:- Small upper part

13- Acute margin of the heart = The inferior border 

14- LAD = Left anterior descending A. = The A.I.V.A.

15- Course of great cardiac vein:- Begins at the apex of the heart → Ascends in the A.I.V.G. with the A.I.V.A. → Reaches the coronary sulcus → Turns to the left → Enlarges to form the coronary sinus → Enters the right atrium

16- A.I.V.V. = Great cardiac vein

17- P.I.V.V. = Middle cardiac vein

18- Right marginal vein drains into either

    a- Small cardiac vein

    b- Right atrium

19- Right coronary A. anastomoses with the circumflex artery

20- A.I.V.A anastomoses with P.I.V.A.

Thoracic duct

Course:- Begins in the abdomen from the upper end of cisterna chyli at the level of 2nd lumbar vertebra → Enters the thorax by passing through aortic opening of diaphragm → Ascends in the posterior mediastinum to the right of midline between descending aorta (To the left) & azygos vein (To the right) → At the level of T5, moves to the left → Ascends in the superior mediastinum to the left of midline → Ends in the root of the neck by opening into the angle between the left internal jugular and left subclavian veins = at the beginning of left innominate vein. 

Length:- 45 cm

Tributaries = Drainage:- Receives 3 tributaries just before its end

1- Left jugular lymph trunk:- Drains the left side of head and neck

2- Left subclavian lymph trunk:- Drains the left upper limb

3- Left mediastinal lymph trunk:- Drains the left side of thorax.

N.B.:- Thoracic duct drains all the body except the right upper limb, ride side of head and neck, right side of chest & upper surface of the right lobe of the liver that drain into the right lymph trunk
Mediastinum 

Definition:- The part of thoracic cavity between the 2 lungs & pleura
Divisions = parts:-

  1- The mediastinum is divided by an imaginary line between sternal angle anteriorly and the intervertebral disc between 4th and 5th thoracic vertebrae posteriorly into

       a- superior mediastinum

       b- inferior mediastinum

  2- The inferior mediastinum is divided by the pericardium into
       a- anterior mediastinum = anterior to the pericardium
       b- Middle mediastinum = the pericardium and its contents

       c- Posterior mediastinum = posterior to the pericardium

N.B.:- Boundaries of mediastinum:-
    a- Anteriorly:- Sternum

    b- posteriorly:- Thoracic vertebrae

    c- Superiorly:- Superiorly thoracic aperture

    d- Inferiorly:- Diaphragm

    e- On both sides:- Lungs & pleura

Superior mediastinum

Boundaries:- 

A) Anteriorly:- manubrium sterni

B) Posteriorly:- the upper 4 thoracic vertebrae

C) Superiorly:- Thoracic inlet

D) Inferiorly:- Imaginary line between the sternal angle and the intervertebral disc between the 4th  & 5th thoracic vertebrae

E- Laterally:- Mediastinal pleura 
Contents:-

1- Thymus gland

2- Right & left innominate veins

3- Upper 1/2 of superior vena cava

4- Left S.I.C.V.

5- Aortic arch

6- Branches of aortic arch

       a- Innominate artery

       b- Left common carotid artery

       c- Left subclavian artery

7- Right and left phrenic nerves 
8- Right and left vagus nerves
9- Left recurrent laryngeal nerve:- From left vagus
10- Esophagus

11- Trachea
12- Thoracic duct

13- Ligamentum arteriosum

Anterior mediastinum 
Boundaries:-

A- Anterior:- Body of sternum

B- Posterior:- Pericardium

C- Superior:- An imaginary line between the sternal angle & the disc between 4th & 5th thoracic vertebrae

D- Inferior:- Diaphragm

E- Laterally:- Mediastinal pleura

Contents:-
1- Thymus gland

2- Superior sternopericardial ligament

3- Inferior sternopericardial ligament

4- Lymph nodes

5- Mediastinal branches of internal mammary vessels

6- Fat

7- Connective tissue

N.B. Sternopericardial ligaments are attached to the back of the body of sternum & fibrous pericardium
Contents of the middle mediastinum

1- Pericardium

2- Heart

3- Ascending aorta

4- Pulmonary trunk

5- Ends of the 4 pulmonary veins

6- Lower 1/2 of superior vena cava

7- Upper end of inferior vena cava

8- Right and left phrenic nerves

Posterior mediastinum

Boundaries:-

    A- Anterior:- Pericardium 
    B- Posterior:- Lower 8 thoracic vertebrae

    C- Superior:- An imaginary line between the sternal angle & the disc between 4th & 5th thoracic vertebrae

    D- Inferior:- Diaphragm
    E- Laterally:- Mediastinal pleura

Contents:-

  1- Esophagus & esophageal plexus

  2- Descending thoracic aorta & its branches

  3- Azygos system of veins

  4- Thoracic duct & associated L.Ns.

  5- Sympathetic trunks

  6- Thoracic splanchnic nerves
Thymus gland

1- The most anterior component of superior & anterior mediastinum

2- Immediately behind manubrium sterni & upper part of the body of sternum

3- Large in infants & atrophies after puberty

4- Arterial supply:- From I.M.A.

5- Venous drainage:- To either

    a- Left brachiocephalic vein

    b- I.M.V.
Pulmonary trunk

Beginning:- From right ventricle

End:- At the level of the disc between 5th & 6th thoracic vertebrae  below the aortic arch by dividing into right & left pulmonary arteries.

Branches:- right & left pulmonary arteries.

Relations to aorta:- Anterior → Then to the left of ascending aorta

Direction:- Upward, backward & to the left

N.B.:- Right pulmonary artery passes behind the ascending aorta & SVC
Ascending aorta

Beginning:- From the left ventricle

End:- Behind right 2nd costal cartilage by continuation as aortic arch.

Direction:- Upward, forward & to the right

Branches:-

   1- Right coronary artery:- From right aortic sinus

   2- Left coronary artery:- From left aortic sinus

Aortic arch

Beginning:- On the right side at the level of disc between 4th & 5th thoracic vertebrae as a continuation of ascending aorta

End:- On the left side at the level of disc between 4th & 5th thoracic vertebrae by continuation as descending aorta.

Direction:- Upward, backward, to the left then downward 
Branches:-

1- Innominate (Brachiocephalic) artery → Right C.C.A. & right S.C.A.
2- Left common carotid artery                    

3- Left subclavian artery.

N.B.:- 

1- Level of sternal angle = Level of 2nd costal cartilage = Level of the disc between T4 & T5 vertebrae

2- Brachiocephalic A. = Innominate A.:-

    a- The largest branch of aortic arch

    b- Ends behind the right sternoclavicular joint by dividing into right CCA & right SCA

3- Left CCA & left SCA ascend on the left side of trachea
Descending aorta

Beginning:- At the lower border of 4th thoracic vertebra as a continuation of aortic arch

End:- In front of lower border of last thoracic vertebra by passing through aortic opening of the diaphragm and continuation as abdominal aorta.

Branches:-

1- Pericardial arteries:- To the back of pericardium

2- Two left bronchial arteries
3- Esophageal arteries (4-5 in number):- From the anterior surface

4- Mediastinal branches:- To posterior mediastinum

5- Right and left posterior intercostal arteries from 3rd to 11th 

6- Superior phrenic arteries:- To the posterior part of upper surface of diaphragm

7- Right and left subcostal arteries  

Right & left brachiocephalic veins

	Left
	Right

	

	
Behind the medial end of clavicle by the union of internal jugular & subclavian veins


	Beginning

	Behind the lower border of right 1st costal cartilage close to the right sternal border by union with each other to form the S.V.C.


	End

	3 inches


	1 inch


	Length

	Oblique

	Vertical
	Direction

	1-…….. 

2-……..

3-……..

4- Left S.I.C.V. 

5- Inferior thyroid V.

6- Pericardial & thymic veins:- May drain into the left innominate V.

7- Thoracic duct
 
	1- Internal thoracic V.

2- Vertebral V.

3- 1st posterior intercostal V.

4- Inferior thyroid & thymic veins:- May drain into the right innominate V. 

5- Right lymphatic duct

	Tributaries


Superior vena cava

Beginning:- Behind the lower border of right 1st costal cartilage close to the right sternal border by the union of right and left innominate veins

End:- Behind the lower border of right 3rd costal cartilage by opening into the right atrium
Tributaries:- 

  1- Azygos vein
  2- May receive mediastinal & pericardial tributaries

N.B.:- 

1- The upper 1/2 of SVC is in the superior mediastinum while the lower 1/2 is in the middle mediastinum

2- Innominate veins lie behind thymus gland directly

3- Length of SVC = 2 inches
Azygos vein

Course & relations:-

  - Begins in the upper part of abdomen by the union of

    a- Right subcostal vein

    b- Right ascending lumbar vein
  - Enters the thorax by passing through aortic opening of diaphragm to the right of descending aorta & thoracic duct

  - ascends in the posterior mediastinum to the right of thoracic duct

  - when it reaches at the level of lower border of 4th thoracic vertebra → arches forwards forming the azygos arch (above the root of right lung) → opens into the back of SVC just before entering the pericardial sac

Tributaries:-
  1- Right superior intercostal vein
  2- Right posterior intercostal veins from the 5th to 11th
  3- Hemiazygos vein = Inferior hemiazygos

  4- Accessory hemiazygos vein. = Superior hemiazygos

  5- Esophageal. Veins
  6- Mediastinal veins

  7- Pericardial veins.
  8- Two right bronchial veins
N.B.:- The S.I.C.V. is formed by either

    a- 2nd & 3rd P.I.C.Vs. or

    b- 2nd, 3rd & 4th P.I.C.Vs.

Inferior hemiazygos

Course and relations:-  Begins in the abdomen by the union of left subcostal & left ascending lumbar Vs. → Enters the thorax through left crus of diaphragm → Ascends in posterior mediastinum → Till the level of 8th thoracic vertebra → Crosses the vertebral column behind aorta, esophagus & thoracic duct → Ends in azygos V.

Tributaries:- 

1- Lower 3 left posterior I.C.Vs.

2- Esophageal veins

3- Mediastinal veins
Superior hemiazygos vein

Course:- Descends in the posterior mediastinum → Till the level of 7th thoracic vertebra → Crosses the vertebral column → Ends in azygos V.
Tributaries:-

1- Left posterior I.C.Vs. (4th – 8th)

2- Left bronchial Vs.:- Sometimes


N.B.

1- Hemiazygos = Inferior hemiazygos

2- Accessory hemiazygos = Superior hemiazygos  

3- The left innominate vein runs obliquely in front of the branches of aortic arch

4- Aortic sinuses are 3 dilatations at the beginning of ascending aorta = above the aortic valve cusps

Phrenic nerve

Root value:- C3, 4, 5.

Course:-

    A- On the right side:- Crosses in front of the root of right lung → descends in M.M. to the right of pericardium → leaves the thoracic cavity by passing through the vena caval opening with the IVC.

    B- On the left side:- Descends in front of the root of left lung → descends to the left side of pericardial sac → pierces the diaphragm near the apex of the heart

Distribution:-

     A- Motor:- To the diaphragm

     B- Sensory:- Supplies
         1- Diaphragm   
         2- Parietal pleura (mediastinal)
         3- Parietal serous pericardium                

         4- Fibrous pericardium.

N.B.:- Phrenic nerves are accompanied by pericardiophrenic vessels

Vagus nerve

Course:-

A- Right vagus:- Descends to the right side of trachea → Descends behind the root of right lung → Forms the pulmonary plexus → Then forms the esophageal plexus
B- Left vagus:- Descends between the left common carotid and left subclavian As. → Descends behind the root of left lung → Forms the pulmonary plexus → Then forms the esophageal plexus

Distribution in the thorax:-
    1- Branches to pulmonary plexuses
    2- Branches to cardiac plexus.
    3- Branches to esophageal plexus

    4- L.R.L.N. (from the left vagus only)

N.B.:- Left R.L.N. arises from left vagus → Winds below aortic arch → Ascends in the groove between esophagus & trachea → Reaches the larynx

Thoracic part of sympathetic trunk

Ganglia:- 11 - 12.

Distribution = Branches:-

A- First type branches:-
- From upper 5 ganglia

- Consist of postganglionic fibers

- Supply the thoracic viscera through cardiac, pulmonary, esophageal & aortic plexuses
B- Second type branches:-
- From lower 7 ganglia

- Consist of preganglionic fibers

- Supply the abdominal & pelvic viscera through 3 splanchnic nerves


  1- Greater splanchnic N.:-  from      5th   –   9th or 10th ganglia

  2- Lesser splanchnic N.:-    from      10th   –   11th        ganglia 
  3- Least (Lowest) splanchnic N.:-   from last thoracic ganglion 
Greater splanchnic nerve

1- Arises from  5th   –   9th or 10th  ganglia

2- Enters the abdomen through the crura of diaphragm

3- Ends in the celiac ganglion

Lesser splanchnic nerve

1- Arises from  10th & 11th thoracic  ganglia

2- Enters the abdomen through the crura of diaphragm

3- Ends in the aortico-renal ganglion

Least (Lowest) splanchnic nerve

1- Arises from  the 12th  ganglia

2- Enters the abdomen through the crura of diaphragm

3- Ends in the renal plexus

N.B.

1- The thoracic sympathetic ganglia are connected to the adjacent thoracic spinal nerves through white & gray rami communicants

2- Sympathetic trunks leave the thorax by passing either

    a- Behind the medial arcuate ligament of diaphragm
    b- Through the crura

Diaphragm

Origin:- From
  1- Sternal part = 2 strips from the back of xiphoid process

  2- Costal part = from the lower 6 ribs & costal cartilages

  3- Vertebral part = From upper 3 lumbar vertebrae (by 2 crura & 3 arcuate ligaments)
      a- right crus:- from upper 3 lumbar vertebrae & intervertebral discs

      b- left crus:- from upper 2 lumbar vertebrae

      c- medial arcuate ligaments (right and left):- between the body of 1st lumbar vertebra & the tip of 1st or 2nd lumbar transverse process.

      d- lateral arcuate ligaments (right and left):- between the tip of 1st or 2nd  lumbar transverse process & last rib.

      e- median arcuate ligament:-  between the 2 crura  

          - in front of the beginning of abdominal aorta

Insertion:- Central tendon of diaphragm

Nerve supply:- 
   1- Phrenic nerve

   2- Sensory afferents from the peripheral part (By 5th – 11th intercostal Ns.)  
Action:-

  1- Inspiration:- Increases the vertical diameter of chest during inspiration

  2- Abdominal straining:- Increases the abdominal pressure during defecation, micturition & parturition
Arterial supply:-

    1- Pericardiophrenic A.

    2- Musculophrenic A.

    3- Superior phrenic A.

    4- Inferior phrenic A.
Foramina of diaphragm

A-  Aortic opening:-

  - At the level of T12
  - Between the 2 crura 
  - Transmits aorta, azygos vein & thoracic duct

B- Esophageal opening:-

  - At the level of T10
  - Through the right crus  
  - Transmits the esophagus, gastric nerves (vagi) & esophageal branches of left gastric vessels
C- Inferior vena caval opening:-

  - At the level of T8
  - Between the central tendon 
  - Transmits the I.V.C., right phrenic N. & lymphatics from the upper surface of the liver to diaphragmatic L.Ns. 
N.B. 

1- The arcuate ligaments of diaphragm arches over

    a- The median:- over the beginning of abdominal aorta

    b- The medial:- over psoas major

    c- The lateral:- over quadratus lumborum

2- Diaphragm is the primary muscle of respiration
3- The central tendon is at the level of xiphisternal joint
Joints of the thorax

1- Sternal joints:-

  a- Manubriosternal joint

  b- Xiphisternal joint

2- Costovertebral joints:-

  a- Costocorporeal joint

  b- Costotransverse joint

3- Sternocostal joints

4- Interchondral joints

5- Joints and ligaments of the vertebral column:-

  a- Intervertebral discs

  b- Joints of the vertebral arches

Manubriosternal joint

Articular parts:- Manubrium sterni & body of sternum = At sternal angle

Type:- Secondary cartilaginous (Symphysis)
Xiphisternal joint

Articular parts:- Xiphoid process & body of sternum

Type:- Secondary cartilaginous (Symphysis)
Costocorporeal joint
Articular parts:-

   1- The superior & inferior facets of the head of the rib

   2- The superior facet of the body of the corresponding vertebra

   3- The inferior facet of the body of the vertebra above
Type & subtype:- Plane synovial (Synovial type & plane subtype)
Ligaments:-

   1- The intra-articular ligament:- 

       - Attached to the crest of the head & intervertebral disc. 

       - Divides the joint into 2 synovial compartments. But these 2 compartments are surrounded by a single capsule

   2- Triradiate ligament:- extra-articular

N.B. The heads of the 1st and last 3 ribs articulate with the corresponding vertebrae only

Costo-transverse joints

Articular parts:-

   1- The smooth articular part of the tubercle of the rib 

   2- Transverse process of the corresponding vertebra
Type & subtype:- Plane synovial (Gliding synovial)
Ligaments:-
    1- Costo-transverse ligament:- Attached 

        a- Neck of the rib 

        b- Transverse process of the vertebra
    2- Lateral costo-transverse ligament:- Attached to 
        a- Rough non-articular part of the tubercle of the rib 
        b- Tip of transverse process of the vertebra
    3- Superior costo-transverse ligament:- Attached to 
        a- Upper surface of the neck of the rib 
        b- Transverse process of the vertebra above.

Movement:- Gliding movement

Intervertebral disc

Articular parts:- Between the superior & inferior surfaces of the bodies of the adjacent vertebrae

Type:- Secondary cartilaginous joints

Parts of the disc:-

1- Peripheral part = annulus fibrosus

2- Central part = nucleus pulposus 
Sterno-costal joints

Articular parts:- Upper 7 costal cartilages & lateral margin of sternum

Type & Subtype:-

1- The 1st is fibrocartilaginous
2- The rest are plane synovial

N.B.

1- Supported by sternocostal ligaments

2- The 2nd sternocostal joint is opposite the sternal angle

3- The 2nd sternocostal joint has 2 ligaments

    a- Sternocostal
    b- Intra-articular ligament (Attached to the 2nd costal cartilage and the manubriosternal junction)

4- The 2nd sternocostal joint is divided by the intra-articular ligament into 2 compartments
Interchondral joints

Articular parts:- Between the costal cartilages of the adjacent ribs from the 7th to 10th (But may involve the 5th & 6th cartilages)
Type & subtype:- Plane synovial 
Ligament:- Interchondral ligaments
Joints of the vertebral arches

Zygapophyseal synovial joints between the superior & inferior articular processes of the adjacent vertebrae

Ligaments of the vertebral column

1- Anterior longitudinal ligament:- attached to the anterior surface of vertebral bodies & intervertebral discs

2- Posterior longitudinal ligament:- attached to the posterior surface of vertebral bodies 
3- Ligamenta flava:- Between the laminae

4- Supraspinous ligaments:- Between the tips of the spines

5- Interspinous ligaments
6- Intertransverse ligaments
PAGE  
45

