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INTRODUCTION
The respiratory system consists of the respiratory surfaces of the lungs, and the air passages provided by the nose, phraynx (in part), larynx and respiratory tree. As​sociated with the nasal cavities are a series of bony sacs, the paranasal sinuses, which are uncertain in function but included here with the respiratory tract. The lungs are enclosed by the membranes of the pleurae, and between the lungs are a number of major thoracic structures which, with their investing tissue, form the mediastinum; for convenience these topics are also incorporated in this section although only partly respiratory in the strict sense.
Before proceeding to describe the anatomy of the respiratory system, its functional organization will be briefly reviewed. Besides its primary respiratory role in gaseous exchange and ventilation, a number of accessory activities are performed by the res​piratory system as a whole, examples being: the production of sounds (phonation) by the larynx and related structures, odorant sampling by olfactory sensors in the nasal chambers, mechanical stabilization of the thorax during mechanical exertion, and various biochemical operations concerned with blood-borne molecules. Divisions of the respiratory system
The division of the respiratory system into an upper and lower respiratory tract is in reality a clinical convenience related largely to the spread of infection rather than any fundamental anatomical concept. The upper respiratory tract can be defined as those parts of the air passages which lie above the inlet to the larynx, namely the nasal cavities, nasopharynx and oropharynx. The lower respiratory tract comprises the lar​ynx, trachea, bronchi and the rest of the respiratory tree and respiratory surfaces of the lungs.
Parts of the upper respiratory tract are shared with the alimentary system, or are anatomically closely related to it in organization and continuity, and the nasopharynx and oropharynx are described with the laryngopharynx in the 'Alimentary System'. The olfactory organ is described with the other special sense organs in the 'Nervous System', but the rest of the nasal cavity and paranasal sinuses are described with the respiratory system, a departure from previous editions. After this, the larynx is con​sidered, followed by the rest of the respiratory tree and lungs. The pleurae are then examined, and the mediastinal structures briefly considered. Finally, these structures are related to the clinical examination of the chest.
NOSE, NASAL CAVITY AND PARANASAL SINUSES The first part of the upper respiratory tract consists of the paired nasal cavities di​vided from each other sagittally by a septum. In the lateral walls of these cavities, and in communication with them, are a series of air-filled expansions, the paranasal si​nuses. These nasal cavities are housed in a bony framework which extends anteriorly as the external nose. This apparatus serves to warm, humidify and to some extent fil​ter particles from the inhaled air, and by virtue of the olfactory epithelium which lies at its upper and posterior recesses, to sense and discriminate between airborne chemi​cals.
EXTERNAL NOSE Externally the nose is pyramidal in shape, its upper angle or root being continuous with the forehead, and its free tip forming the apex. Inferiorly are two ellipsoidal apertures, the external nares or nostrils, separated by the nasal septum. The lateral sur​faces of the nose form by their union in the median plane the dorsum nasi, the shape of which varies greatly between individuals; the upper part of the external nose is kept patent by the nasal bones and the frontal processes of the maxillae; below this the cartilages form the walls. The lateral surfaces end below in the rounded alae nasi.
Skeleton of the external nose The supporting framework is composed of bone and hyaline cartilages. The bony framework, supporting the upper part of the nose, consists of the nasal bones, the frontal processes of the maxillae and the nasal part of the frontal bone; the cartilagi​nous framework consists of the septal, lateral and major and minor alar nasal carti​lages, connected to each other and to nearby bones by the continuity of the perichon​drium and periosteum. These junctions, though of much interest, have attracted little attention; the cartilages with their intervening connective tissue, which collectively surround the nares, may be regarded as a valve controlling the intake of air. Septal cartilage. Almost quadrilateral in side view, this is thicker around its perimeter than at its centre. It forms almost the whole of the septum between the anterior parts of the nasal cavity. Its anterosuperior margin is connected above to the posterior bor​der of the internasal suture; the middle part is continuous with the lateral cartilages, and its lowest part is attached to these cartilages by perichondrium. Its antero-inferior border is connected on each sidewith the septal process of the major alar cartilage. Galindo et al 1977 suggest that the two lateral and septal cartilages should be re​garded as a unit, the septodorsal cartilage, an older term used in the Jena Nomina Anatomical) Its posterosuperior border joins the perpendicular plate of the ethmoid; its postero-inferior border is attached to the vomer and to the nasal crest and anterior nasal spine of the maxilla. The septal cartilage may extend back (especially in chil​dren) as a narrow sphenoidal process for some distance between the vomer and the perpendicular plate of the ethmoid. The antero-inferior part of the nasal septum be​tween the nares is freely movable and, therefore, named the septum mobile nasi; it is formed by the septal processes of the major alar cartilages and skin and not by the main septal cartilage.
Lateral nasal cartilage. This plate of cartilage is triangular, its anterior margin be​ing thicker than the posterior. Its upper part is continuous with the septal cartilage, but lower, more anteriorly, it is separated from it by a narrow fissure; its superior margin is attached to the nasal bone and frontal process of the maxilla and its inferior margin is connected by fibrous tissue to the major alar cartilage.
Major alar cartilage. A thin flexible plate lying below the lateral cartilage, it is curved acutely around the anterior part of its naris. Its medial part, the narrow medial cms (septal process), is loosely connected by fibrous tissue to its contra-lateral fellow and to the antero-inferior part of the septal cartilage, thus forming part of the septum mobile nasi. The lateral cms, situated lateral to the naris, is little more than the infe​rior border of the major alar cartilage. The upper border of the lateral part of the ma​jor alar cartilage is,attached by fibrous tissue to the lower border of the lateral nasal cartilage. Its narrow posterior end is connected to the frontal process of the maxilla by a tough fibrous membrane containing three or four minor cartilages of the ala . According to Drumheller the junction between the major alar and the lateral cartilages is variable; the two edges may abut or overlap, the lateral cartilage being then the more lateral at the junction. The lower edge (lateral cms) of the major cartilage is shorter than the lateral margin of the naris, the lower part of the ala nasi being fibro-adipose tissue covered by skin. In front, the major alar cartilages are separated by a notch palpable at the tip of the nose.
NASAL CAVITY

The nasal cavity is divided sagittally into right and left halves by the nasal septum. These two halves open on the face through the nares and are continuous posteriorly with the nasopharynx through the posterior nasal apertures. The nares are ellipsoid or piriform, narrower in front; each one measures 1.5-2 cm antero-posteriorly and 0.5-1 cm transversely. The posterior nasal apertures (choanae) are two oval openings, each about 2.5 cm in vertical height and 1.3cm transversely.
For details of nasal skeletal structures. Each half of the nasal cavity has a floor, roof and a lateral and medial (septal) wall. It is divisible into three regions: the nasal ves​tibule anteriorly, the respiratory region and the (chemosensory) olfactory area; the vestibule forms the beginning of the nasal cavity anteriorly; the respiratory region constitutes the majority of the nasal cavity, while the limited and variable olfactory area is confined mainly to its posterosuperior parts.
Nasal vestibule The nasal vestibule is a slightly expanded anterior part of the air passage just inside the naris, bounded laterally by the ala and lateral part of the lower nasal cartilage, and medially by the septal process of this cartilage; the vestibule extends as a small recess towards the apex of the nose. Its lumen is lined with skin, the inferior region bearing sebaceous and sweat glands, and coarse hairs (vibrissae) curving towards the naris and helping to arrest the passage of particles in inspired air. In males, after middle age, these hairs increase considerably in size. The vestibule is limited above and be​hind by a curved ridge, the limen nasi, corresponding to the upper margin of the ma​jor alar cartilage; at this demarcation, the skin of the vestibule is continuous with the nasal mucosa.
Respiratory region Lateral wall. This wall of the main nasal cavity shows three elevations: the supe​rior, middle and inferior nasal conchae, inferolateral to each being a corresponding passage or meatus. Above the superior concha the triangular spheno-ethmoidal recess bears the opening of the sphenoidal sinus; sometimes a fourth concha, the highest na​sal concha, appears on the lateral wall of this recess, the passage immediately be​neath it then being termed the supreme nasal meatus, sometimes displaying an open​ing of a posterior eth-moidal sinus. The superior meatus is a short oblique passage extending about halfway along the upper border of the middle concha; the posterior ethmoidal sinuses open, usually by one aperture, into its anterior part. The middle meatus, which is deeper in front than behind, lies below and lateral to the middle concha and continues anteriorly into a shallow fossa above the vestibule, termed the atrium of the middle meatus. Above the atrium an ill-defined curved ridge, the agger nasi , slopes downwards and forwards from the upper end of the anterior free border of the middle concha; it is better developed in the newborn than in adults. The middle concha must be displaced to display the lateral wall of the middle meatus fully. The main features of this wall are a rounded elevation, the bulla ethmoidalis, and below it and extending up in front of it, a curved cleft, the hiatus semilunaris. The bulla eth​moidalis is formed by the expansion of the middle ethmoidal sinuses, which open on or just above it, its size varying with the contained sinuses. The hiatus semilunaris, bounded inferiorly by a sharp concave ridge produced by the ethmoid bone's uncinate process, leads forwards and up into a curved channel, the ethmoidal infundibulum; the anterior ethmoidal sinuses open into it and in 50% or more of subjects it is con​tinuous with the frontonasal duct from the frontal sinus; otherwise the infundibulum ends blindly in front in one or more anterior ethmoidal sinuses (infundibular sinuses) and the frontonasal duct then opens directly into the anterior end of the middle mea​tus. The opening of the maxillary sinus lies below the bulla, usually hidden by the flange-like lower edge of the hiatus; this opening is near the roof of the sinus; an ac​cessory opening of the maxillary sinus frequently exists inferoposterior to the hiatus. The inferior meatus, below and lateral to the inferior concha, contains the opening of the nasolacrimal duct under cover of the anterior end of the inferior concha.
Medial wall or nasal septum . It is often deflected from the midline, making the na​sal chambers unequal in size; ridges or spurs of bone sometimes project from the sep​tum on either side. Above the incisive canals at the lower edge of the septal cartilage there is sometimes a depression which points down and forwards, occupying the position of the nasopalatine canal, connecting the nasal and buccal cavities in early fetal life. On each side of the septum near this recess a minute orifice may be seen leading back into a blind tubule, 2-6mm long, the vestigial vomeronasal organ, supported by a vomeronasal cartilage; it is lined by a single layer of tall columnar cells and contains many glands. It is a prominent sensory organ in amphibians and reptiles, moderately developed in most mammals including New World monkeys but is vestigial in adult primates; in species having a functional vomeronasal organ, it is a chemosensory structure similar to the olfactory epithelium, being connected to the accessory olfactory bulb by the vomeronasal nerve .
Nasal roof. Narrow transversely, except posteriorly, from behind forwards it can be divided into sphenoidal, ethmoidal and frontonasal regions, corresponding to the bones participating in its formation. The ethmoidal part is almost horizontal, the fron​tonasal part slopes down and forwards, and the sphenoidal portion is inclined down​wards and backwards. The nasal cavity is therefore deepest under the cribriform plate of the ethmoid.
Nasal floor. It is transversely concave, anteroposteriorly flat and almost horizontal; its anterior three-quarters is formed by the palatine process of the maxilla and the rest, behind, by the horizontal part of the palatine bone. About 2cm behind its ante​rior end a slight depression in the mucosa marks the position of the underlying inci​sive canals.
Nasal conchae. These add greatly to the surface area of the nasal cavity, which in​creases the turbulence of inhaled air, perhaps improving olfaction by slowing the pas​sage of air past the area olfactoria. Humidification and warming of the inhaled air are also augmented by the increased mucosal area and turbulence, even in a microso-matic mammal such as man. Swirling currents also aid the trapping of particles by mucous secretion. In many mammals the conchae are large and highly elaborate structures and the olfactory area spreads over much of their superior and medial sur​faces, producing a highly developed olfactory system.
Olfactory area. This is limited to the superior nasal concha, the opposed part of the septum and the intervening roof. It contains the sensory terminals of the olfactory nerve.
PARANASAL SINUSES
Paranasal sinuses include the bilaterally paired frontal, ethmoidal, sphenoidal and maxillary sinuses, housed within the bones from which they are named. The eth​moidal sinuses differ from the others in being formed of small multiple cavities, di​visible into anterior, middle and posterior groups. All sinuses open into the lateral wall of the nasal cavity by small apertures which allow the equilibration of air and movement of mucus; the detailed position of these apertures, and indeed of the pre​cise form and sizes of the sinuses, vary between individuals. Their mucosa is con​tinuous with that of the nasal cavity (a feature unfortunately favouring the spread of infections), and is similar histologically although thinner, less vascular and less ad​herent to bone. Mucus is secreted by glands within their mucosa and is swept through their apertures into the nose by cilia; these are not uniformly distributed but are al​ways present near the apertures of the sinuses. Most sinuses are rudimentary or ab​sent at birth; they enlarge appreciably during the eruption of the permanent teeth and after puberty, markedly altering the size and shape of the face at these times.
Functions of the sinuses The functions of the sinuses are uncertain and a matter of some speculation; they have been thought to add some resonance to the voice, and also to allow the enlarge​ment of local areas of the skull whilst minimizing a corresponding increase in bony mass. It is likely that such growth-related changes serve to strengthen particular re​gions, for example the alveolar process of the maxilla when the secondary dentition erupts, but they may also have an important function in contouring the head to pro​vide visual signals indicating the individual's status in a social context, for example gender, sexual maturity and group identity.
LARYNX The larynx, which is an air passage, a sphincteric device and an organ of phonation, extends from the tongue to the trachea. It projects ventrally between the great vessels of the neck and is covered anteriorly by skin, fasciae and the hyoid depressor mus​cles. Above, it opens into the laryngopharynx and forms its anterior wall; below, it continues into the trachea. In adult males it lies opposite the third to sixth cervical vertebrae, although it is somewhat higher in children and adult females. In infants be​tween 6 and 12 months, the tip of the epiglottis (the highest part of the larynx) is a lit​tle above the junction of the dens and body of the axis vertebra.
Until puberty the male and female larynges are similar in size, but afterwards the male larynx enlarges considerably in comparison with the female, all the cartilages increasing in size and the thyroid cartilage projecting in the anterior midline of the neck, while its sagittal diameter nearly doubles during this process. In males, the thy​roid cartilage continues to increase in size until 40 years of age, after which no fur​ther growth occurs. 

SKELETON OF THE LARYNX 

Cartilages form the skeletal framework of the larynx. They are interconnected by ligaments and fibrous membranes, and moved by a number of muscles. The hyoid bone is also intimately associated with the larynx, although it is usually regarded as a separate structure with distinctive functional roles.
LARYNGEAL CARTILAGES

The laryngeal cartilages comprise the single cricoid, thyroid and epiglottic cartilages, and the paired arytenoid, cuneiform and cor-niculate cartilages. Also related to the larynx are the paired tritiate cartilages in the thyrohyoid ligaments on either side.
Cricoid cartilage The cricoid cartilage can be regarded as the skeletal foundation of the larynx, at​tached below to the trachea, and articulated by synovial joints to the thyroid cartilage and the two arytenoids. It forms a complete ring around the airway, the only laryn​geal cartilage to do so. The cricoid is smaller but thicker and stronger than the thyroid cartilage and shaped like a signet ring, with a narrow curved anterior arch, and a broad, flatter posterior lamina. Together these form the inferior parts of the anterior and lateral walls of the larynx and most of its posterior wall.
Cricoid lamina. This is approximately quadrilateral in outline, 2-3 cm in vertical di​mension. It has a posterior median vertical ridge, to the upper part of which the two fasciculi of the longitudinal layer of oesophageal muscle fibres (muscularis externa) are attached by atendon. Lateral to this are two shallow depressions for the fibres of the posterior crico-arytenoid muscle.
Cricoid arch. Vertically narrow in front (5-7 mm in height), it widens posteriorly towards the lamina. To the external aspect of its front and sides are attached the cri​cothyroid muscle and behind this, the cricopharyngeus part of the inferior pharyngeal constrictor. The arch is palpable below the laryngeal prominence, from which it is separated by a depression containing the resilient conus elasticus.
On each side of the cricoid, at the junction of the lamina and arch, a prominent cir​cular synovial facet, facing posterolaterally, articulates with the inferior thyroid cornu. The inferior border of the cricoid is horizontal, and joined to the first tracheal cartilage by the cricotracheal ligament. The superior border of the cricoid runs obliquely up and back, giving attachment anteriorly to the thick median part of the cricothyroid ligament, and laterally to the membranous lateral parts of the cricothy​roid ligament; here the lateral crico-arytenoid muscles are also attached. Posteriorly, this superior aspect of the lamina presents a shallow median notch, on each side of which is a smooth, oval, convex facet, directed upwards and laterally, articulating with the base of an arytenoid cartilage.The internal surface of the cricoid cartilage is smooth and lined by mucosa.
Thyroid cartilage The thyroid cartilage is the largest of the laryngeal cartilages. It consists of two quad​rilateral laminae whose anterior borders fuse along their inferior two-thirds at a me​dian angle, forming the subcutaneous laryngeal prominence ('Adam's apple'). This projection is most distinct at its upper end, and is well marked in men but scarcely visible in women. Above, the laminae are separated by a V-shaped superior thyroid notch or incisure; posteriorly they diverge, the posterior borders of each being prolonged as slender horns, the superior and inferior cornua. On the external surface of each lamina a shallow ridge, the oblique line, curves downwards and forwards, run​ning from the superior thyroid tubercle lying a little anterior to the root of the supe​rior cornu, to the inferior thyroidtubercle on the inferior border of the lamina. To this line are attached the sternothyroid and thyrohyoid muscles, and the thyropharyngeus part of the inferior pharyngeal constrictor.
The internal surface of the lamina is smooth; above and behind, it is slightly con​cave and covered by mucosa. In the upper part of the angle between the laminae, the thyro-epiglottic ligament is attached; below this, near the midline, the paired vestibu​lar and vocal ligaments and the thyro-arytenoid, thyro-epiglottic and vocal muscles are attached. The superior border of each lamina is concave behind and convex in front; the thyrohyoid membrane is attached along this edge. The inferior border of each is concave behind and nearly straight in front, the two parts separated by the in​ferior thyroid tubercle. In and on either side of the midline anteriorly, the thyroid car​tilage is connected to the cricoid cartilage by the anterior (median) cricothyroid liga​ment.
The anterior border of each lamina fuses with its partner at an angle of about 90° in men and about 120° in women. This shallower angle in men is associated with the larger laryngeal prominence, the greater length of the vocal folds and the resultant deeper pitch of voice. The posterior border is thick and rounded; it receives the fibres of stylopharyngeus and palatopharyngeus. The superior cornu, which is long and nar​row, curves upwards, backwards and medially, ending in a conical apex to which the lateral thyrohyoid ligament is attached. The inferior cornu, short and thick, curves down and slightly antero-medially; on the medial surface of its lower end, a small oval facet articulates with the side of the cricoid cartilage. Some fibres of palato​pharyngeus, stylopharyngeus and salpingopharyngeus are inserted into the posterior surface of the lamina and cornua.
During infancy a narrow, rhomboidal, flexible strip, the intra-thyroid cartilage, lies between the two laminae and is joined to them by fibrous tissue.
Arytenoid cartilages The paired arytenoid cartilages are placed on the lateral part of the cricoid lamina's superior border at the back of the larynx. Each is pyramidal, with three surfaces, two processes, a base and an apex. The posterior surface, which is triangular, smoothand concave, is covered by the transverse arytenoid muscle. The anterolateral surface is convex and rough; on it, near the apex of the cartilage, is an elevation from which a crest curves back, down and then forwards to the vocal process. The lower part of this crest separates two depressions (foveae), the upper being triangular, the lower ob​long; to the upper is attached the vestibular ligament, to the lower the vocalis and lat​eral crico-arytenoid muscles. The medial surface is narrow, smooth, and flat; it is covered by mucosa and its lower edge forms the lateral boundary of the intercarti-laginous part of the rima glottidis. The base is concave, with a smooth surface for ar​ticulation with the lateral part of the upper border of the cricoid lamina. Its round, prominent lateral angle, or muscular process, projects backwards and laterally, giving attachment to the posterior crico-arytenoid muscle behind and the lateral crico​arytenoid in front. To its pointed anterior angle (the vocal process), projecting horizontally forward, is attached the vocal ligament. The apex curves backwards and medially to articulate with the corniculate cartilage.
Epiglottic cartilage The epiglottic cartilage is a thin leaf-like plate of elastic fibrocartilage, projecting obliquely upwards behind the tongue and hyoid body, and in front of the laryngeal inlet. Its free end, which is broad and round, is directed upwards; its attached part, or stalk (petiolus) is long and narrow, and is connected by the elastic thyro-epiglottic ligament to the back of the laryngeal prominence just below the thyroid notch. Its sides are attached to the arytenoid cartilages by aryepiglottic folds (see above). Its free upper anterior surface is covered by mucosa (the epithelium is non-keratinized stratifiedsquamous), reflected on to the pharyngeal aspect of the tongue and the lat​eral pharyngeal walls as a median glosso-epiglottic and two lateral glosso-epiglottic folds. On each side of the median fold is a depression, the vallecula. The lower part of the anterior surface, behind the hyoid bone and thyrohyoid membrane, is con​nected to the upper border of the former by an elastic hyo-epiglottic ligament, and separated from the thyrohyoid membrane by adipose tissue. The smooth posterior surface is transversely concave and vertically concavo-convex; it is covered by cili​ated respiratory mucosa; its lower projecting part is called the tubercle. The cartilage is posteriorly pitted by small mucous glands and perforated by branches of the inter​nal laryngeal nerve.
Functions of the epiglottis. During deglutition the epiglottis moves upwards and forwards and is squeezed between the base of the tongue and the rest of the larynx; the bolus slips over its anterior surface as it bends back over the laryngeal inlet. In humans it is somewhat degenerate in function and is well separated from the soft pal​ate; it is not essential to swallowing, which occurs normally even if the epiglottis is destroyed by disease, nor is it essential for respiration or phonation.
The corniculate, cuneiform, tritiate and epiglottic cartilages and the apices of the arytenoids are composed of elastic fibrocartilage with little tendency to ossify or cal​cify. The thyroid, cricoid and greater part of the arytenoids consist of hyaline carti​lage and may undergo mottled calcification or ossification as age advances, com​mencing about the twenty-fifth year in the thyroid cartilage and somewhat later in the cricoid and arytenoids; by the sixty-fifth year these cartilages commonly appear patchily dense in radiographs.
LARYNGEAL ARTICULATIONS
The joints between the inferior cornua of the thyroid cartilage and the sides of the cricoid cartilage are synovial, each enveloped with a capsular ligament strength​ened posteriorly by a fibrous band. At these joints the cricoid rotates on the inferior cornua around a transverse axis passing transversely through both joints; to a limited extent the cricoid also glides in different directions on the thyroid cornua. A pair of synovial joints exists between the facets on the lateral part of the upper border of the lamina of the cricoid cartilage and the bases of the arytenoids, each joint being en​closed by a capsular ligament; a strong posterior crico-arytenoid ligament connects the cricoid to the posterior and medial part of the base of the arytenoid. These joints permit two movements:
• arytenoid rotation about an oblique axis (dorsomediocranial to ventrolaterocaudal), by which each vocal process swings laterally or medially, increasing or de​creasing the width of the rima glottidis; • a gliding movement, by which the arytenoids approach or recede from one an​other, the direction and slope of their articular surfacesimposing a forward and downward movement on lateral gliding. The movements of gliding and rotation are associated: medial gliding with medial rotation and lateral gliding with lateral rota​tion. The posterior crico-arytenoid ligaments limit forward movements of the aryte​noid cartilages on the cricoid. Sometimes the synchondrosis between the apex of the arytenoid cartilage and the corresponding corniculate cartilage is replaced by a synovial joint.
Numerous lamellated corpuscles, some Ruffini and some free nerve endings occur in the capsules of the laryngeal joints. In cats these respond to mechanical stimuli and are involved in the normal co-ordination of laryngeal muscles during respiration and phonation. The human articular supply is chiefly from branches of the recurrent la​ryngeal nerves, arising independently or from branches of the nerve to the laryngeal muscles.
LARYNGEAL LIGAMENTS AND MEMBRANES

Extrinsic ligaments Thyrohyoid membrane. This is a broad, fibre-elastic layer, attached below to the su​perior border of the thyroid cartilage lamina and the front of its superior cornua; above, it is attached to the superior margin of the hyoid bone's body and greater cor​nua. It thus ascends behind the concave posterior surface of the hyoid, separated from its body by a bursa which facilitates the ascent of the larynx during swallowing. Its thicker part is the median thyrohyoid ligament; the more lateral, thinner parts are pierced by the superior laryngeal vessels and internal laryngeal nerves. Externally it is in contact with the thyrohyoid, sternohyoid and omohyoid muscles and the hyoid body. Its inner surface is related to the epiglottis and pharyngeal piriform fossae. The round, cord-like, elastic lateral thyrohyoid ligaments form the posterior borders of the thyrohyoid membrane, connecting the tips of the superior thyroid cornua to the poste​rior ends of the greater hyoid cornua. A small cartilago triticea occurs frequently in each ligament.The epiglottis is attached to the hyoid bone and thyroid cartilage by the extrinsic hyo-epiglottic and intrinsic thyro-epiglottic ligaments respectively. The cri-cotracheal ligament unites the lower cricoid border to the first tracheal cartilage, be​ing thus continuous with the tracheal perichondrium.
Intrinsic ligaments Within the cartilage encasement, beneath the laryngeal mucosa, is the fibro-elastic membrane of the larynx, a fibrous sheet containing many elastic fibres; it is inter​rupted on both sides of the larynx by the horizontal cleft between the vestibular and vocal ligaments. Its upper part, the quadrangular membrane (often an ill-defmed structure), extends between the arytenoid cartilages and the sides of the epiglottis; its lower part forms the well-marked cricothyroid ligament (cricovocal membrane), con​necting the thyroid,,cricoid and arytenoid cartilages. The articular ligaments between cartilages are described above.
Cricothyroid ligament. Comprising the inferior, larger part of the laryngeal mem​brane, this ligament is composed mainly of elastic tissue; it has distinct anterior and lateral parts. The single thick anterior (median) cricothyroid ligament, which is broad below and narrower above, connects the adjacent margins of the cricoid and thyroid cartilages. An anastomosis between the cricothyroid arteries crosses it and supplies perforating branches to the larynx. The paired smaller lateral cricothyroid ligaments (cricothyroid or cricovocal membranes) are thinner; they are covered internally by mucosa and externally by the lateral crico-arytenoid and thyro-arytenoid muscles. From the internal rim of the superior border of the cricoid the three ligaments ascend and converge; their superior edges form the basis of the vocal folds, extending back horizontally from the dorsal aspect of the angle of the thyroid cartilage (just below its midpoint) to the apices of the arytenoid vocal processes. The thickened edges of the cricothyroid ligament complex are the vocal ligaments. The term cornus elasticus is commonly applied to the entire complex but sometimes only its anterior part.
LARYNGEAL CAVITY The laryngeal cavity space extends from the laryngeal inlet from the pharynx, down to the cricoid cartilage's lower border where it continues into the trachea. It is par​tially divided into upper and lower parts by paired upper and lower mucosal folds projecting into its lumen, with a middle part between the two sets of folds. The upper folds are the vestibular folds, the median aperture i which they guard being the rima vestibuli; the lower pair are the vocal folds, the fissure between the latter being the rima glottidis or glottis. The vocal folds are the primary source of phonation, whereas the vestibular folds do not contribute directly to sound production.
Upper part of the laryngeal cavity The upper part of the laryngeal cavity is entered by the laryngeal inlet or 'aditus laryngis', the aperture between the larynx and pharynx, which faces back and some​what upwards, the anterior wall of the larynx being much longer than the posterior and sloping downwards and forwards in its upper part because of the oblique inclina​tion of the epiglottis which forms this region. The inlet is bounded anteriorly by the upper edge of the epiglottis, posteriorly by the transverse mucosal fold between the two arytenoids and on each side by the edge of a mucosal ridge (the aryepiglottic fold) between the side of the epiglottis and the apex of the arytenoid. The aryepiglot​tic fold contains ligamentous and muscular fibres; the posterior part of its margin has two oval swellings, one above and in front, the other behind and below; these mark, respectively, the positions of the underlying cuneiform and corniculate cartilages, separated by a shallow vertical furrow which continues below with the opening of the laryngeal sinus. The laryngeal vestibule is the space between the laryngeal inlet and vestibular folds; it is wide above, narrow below and higher anteriorly than posteri​orly. Its anterior wall is formed by the posterior epiglottic surface, the lower part of which (the epiglottic tubercle) bulges backwards a little. Its lateral walls which are higher in front and shallow behind, are the medial surfaces of the aryepiglottic folds; its posterior wall is the interarytenoid mucosa, above the vestibular folds.
Middle part of the laryngeal cavity The middle part of the laryngeal cavity is the smallest, extending from the rima vesti​buli above to the rima glottidis below. On each side it opens by a slit between vesti​bular and vocal folds into the laryngeal sinus ventricle, a fusiform recess opening be​tween the folds and extending upwards into the laryngeal wall lateral tothe vestibular fold. It is lined by mucosa and covered externally by the thyro-arytenoid muscle. An​teriorly on each side, the sinus opens into a laryngeal saccule, a pouch ascending forwards from the sinus between the vestibular fold and thyroid cartilage, occasion​ally reaching the cartilage's upper border; it is conical, curving slightly backwards. On its luminal surface open 60-70 mucous glands, sited in the submucosa. The sac​cule has a fibrous capsule, continuous below with the vestibular ligament, and is cov​ered medially by a few muscular fasciculi from the apex of the arytenoid cartilage which pass forwards between the saccule and vestibular mucosa into the aryepiglottic fold. Laterally the saccule is separated from the thyroid cartilage by thyro-epiglottic muscles, which compress it, expressing its secretion on to the vocal folds (which lack glands) to protect them against desiccation and infection. Saccules occasionally pro​trude through the thyrohyoid membrane.
In some apes the saccules form air sacs, which may extend into superficial cervical and even axillary tissues; they aid resonance, often spectacularly, as in howler mon​keys which may project their voices up to a distance of 5 miles.
Vestibular folds and ligaments. The pink mucosa of each vestibular fold covers a narrow vestibular ligament, fixed in front to the thyroid angle below the epiglottic cartilage and behind to the anterolateral surface of the arytenoid cartilage above its vocal process. Like the whole interior of the larynx (except the vocal folds) the epi​thelium is ciliated pseudostratified, respiratory in type.
Vocal folds and ligaments. The vocal folds are white mucosal elevations which stretch back on either side from the midlevel of the thyroid angle to the vocal proc​esses of the arytenoids. They form the anterolateral edges of the rima glottidis and, as already noted, are concerned with sound production. They are covered by non-keratinized stratified squamous epithelium which is closely bound to the vocal liga​ments which run beneath; since a submucosa and blood vessels are absent, the folds are pearly white. Each vocal ligament is continuous below with the lateral part of the cricothyroid ligament (see above), and is composed of a band of yellow elastic tissue related laterally to the vocalis muscle (see below).
The rima glottidis or glottis, the fissure between the vocal folds anteriorly and the arytenoid cartilages posteriorly, is bounded behind by the mucosa passing between the arytenoid cartilages, at the level of the vocal folds. The rima glottidis is customar​ily divided into two regions, an anterior intermetnbranous part, comprisingabout three-fifths of its anteroposterior length, and a posterior inter cartilaginous part be​tween the arytenoids. The average sagittal diameter of the glottis in adult males is 23 mm and in adult females 17mm. It is the narrowest part of the larynx. Its width and shape vary with the movements of the vocal folds and arytenoid cartilages during respiration and phonation.
Lower part of the laryngeal cavity The lower part of the laryngeal cavity extends from the vocal folds to the lower bor​der of the cricoid. In transverse section it is elliptical above and wider and circular below; it is continuous with the trachea. Lined by respiratory mucosa, its walls are supported by the cricothyroid ligament above and the cricoid cartilage below.
LARYNGEAL MUSCULATURE The muscles of the larynx are divisible into extrinsic and intrinsic groups. The extrinsic muscles connect the larynx to neighbouring structures and are responsible for moving it vertically during phonation and swallowing; they include the thyrohyoid and thyro-sternoid muscles, and the thyropharyngeus and cricopharyngeus compo​nents of the inferior pharyngeal constrictor, although muscles attached to the hyoid may also move the larynx indirectly because of the hyoid's strong connections to the larynx. The three small pharyngeal muscles (stylo-, palato- and salpingopharyngeus) are, however, connected directly to the thyroid cartilage, mainly to the posterior as​pects of the thyroid lamina and cornua. These muscles are considered in detail else​where in this text.
The intrinsic muscles are confined to the larynx in their attachments. They are: the cricothyroid, posterior and lateral crico-arytenoid, transverse and oblique arytenoid, aryepiglotticus, thyro-arytenoid and its subsidiary part, vocalis, and thyro-epiglotticus. All but the transverse arytenoid are paired.
Cricothyroid. As its name implies, this muscle runs between the cricoid and thyroid cartilages. It is attached anteriorly to the external aspect of the cricoid cartilage's arch. Its fibres pass backwards, diverging into two groups, a lower 'oblique' part which slants backwards and laterally to the anterior border of the thyroid's inferior cornu, and a superior 'straight' part ascending more steeply backwards to the posterior part of the lower border of the thyroid lamina. The medial borders of the paired crico​thyroids are separated anteriorly by a triangular gap occupied by the conus elasticus.
Posterior crico-arytenoid. This muscle arises from the posterior surface of the cri​coid lamina, its attachment being on the inferomedial area of the depression on the same side of the midline. Ascending laterally its fibres converge to insert on the back of the muscular process of the arytenoid of the same side. The highest fibres run al​most horizontally, the middle obliquely; the lowest are almost vertical, and some of these reach the anterolateral surface of the arytenoid.
Lateral crico-arytenoid. Smaller than the preceding muscle, it is attached anteriorly to the upper border of the cricoid arch and ascends obliquely backwards to the front of the muscular process of the arytenoid cartilage of the same side.
Transverse arytenoid. A single, unpaired muscle which bridges the gap at the back of the larynx between the two arytenoid cartilages and fills their posterior concave surfaces, it is attached to the back of the muscular process and adjacent lateral border of both arytenoids.
Oblique arytenoid. Lying superficial to the transverse arytenoid, the paired muscles cross each other obliquely at the back of the larynx, each extending from the back of the muscular process of one arytenoid cartilage to the apex of the opposite one. Some fibres of each continue laterally round the arytenoid apex into the aryepiglottic fold, so forming the aryepiglottic muscle.
Thyro-arytenoid and vocalis. This is a broad but thin muscle, lying near the internal wall of the larynx lateral to the vocal fold, cricothyroid ligament, laryngeal sinus and saccule. It is attached anteriorly to the lower half of the thyroid cartilage's angle, and from the cricothyroid ligament. Its fibres pass backwards, laterally and upwards to the anterolateral surface of the arytenoid cartilage. Its lower and deeper fibres form a band which in coronal section appears as a triangular bundle, and is attached to the lateral surface of the vocal process and to the inferior impression on the anterolateralsurface of the arytenoid cartilage. This bundle, the vocalis muscle, is parallel with and just lateral to the vocal ligament; it is said to be thicker behind than in front, be​cause many deeper fibres start from the vocal ligament and so do not extend to the thyroid cartilage. Others consider that all its fibres loop and intertwine as they pass from the thyroid to the arytenoid. Many of the thyro-arytenoid fibres are prolonged into the aryepiglottic fold, where some terminate, others continuing to the epiglottic margin as the thyro-epiglotticus. A few fibres extend along the wall of the sinus from the lateral arytenoid margin to the side of the epiglottis. The superior thyro-arytenoid, a small muscle not always present, lies on the lateral surface of the main mass of the thyro-arytenoid, extending obliquely from the thyroid angle to the muscular process of the arytenoid.
Actions The intrinsic laryngeal muscles may be placed in three groups according to their main actions:
· those which vary the rima glottidis—the posterior and lateral crico-arytenoids and oblique and transverse arytenoids

· those regulating the tension of the vocal ligaments—the crico-thyroids, posterior crico-arytenoids (again), thyro-arytenoids and vocales

· those which modify the laryngeal inlet—the oblique arytenoids, aryepiglottici and thyro-epiglottici.

Bilateral pairs of muscles usually act in concert with each other. Details of these are as given below.
Regulating tension in the vocal ligaments. The cricothyroids stretch the vocal liga​ments by tilting the thyroid cartilage forwards and downwards on the cricoid. Be​cause the arytenoid cartilages are anchored to the cricoid lamina, the sagittally di​rected rotation of the thyroid cartilage increases the distance between their vocal processes and the anterior angle of the thyroid, so lengthening the vocal ligaments. The cricoid is usually held immovably against the vertebral column by the crico​pharyngeus during phonation so that under these conditions it is the thyroid cartilage which moves. During swallowing, however, the cricopharyngeus relaxes, allowing the cricoid to tilt forwards during laryngeal closure.
The thyro-arytenoids draw the arytenoids towards the thyroid cartilage, shortening and relaxing the vocal ligaments. At the same time, they rotate the arytenoids medi​ally to approximate the vocal folds. Their deeper fibres, the vocales, relax the poste​rior parts of the vocal ligaments, their anterior parts remaining tense and thus raising the vocal pitch. Modifying the laryngeal inlet. The oblique arytenoids and ary​epiglottici act as a sphincter of the laryngeal inlet by adducting the aryepiglottic folds and approximating the arytenoid cartilages to the tubercle of the epiglottis. The thyro-epiglottic muscles widen the inlet by their action on the aryepiglottic folds.
Movements of the vocal folds In quiet respiration the anterior, intermembranous part of the rima glottidis is triangu​lar when viewed from above, its apex being in front and its base behind, represented by a line (about 8 mm long), connecting the anterior ends of the arytenoid vocal processes; the intercartilaginous part is rectangular, between the medial surfaces of the arytenoids which lie parallel to each other. In forced inspiration the vocal folds are fully abducted; the arytenoid cartilages rotate laterally, their vocal processes mov​ing apart. The glottis is then rhomboid, its intermembranous and intercartilaginous parts being both triangular, the greatest width being opposite the attachments of the folds to the vocal processes.
TRACHEA

The trachea is a tube formed of cartilage and fibromuscular membrane, lined inter​nally by mucosa. It is about 10-11 cm long, descends from the larynx, extending from the level of the sixth cervical to the upper border of the fifth thoracic vertebra, where it divides into right and left principal (pulmonary) bronchi. It lies approxi​mately in the sagittal plane but its point of bifurcation is usually a little to the right. The trachea is mobile and can rapidly alter in length; during deep inspiration the bi​furcation may descend to the sixth thoracic vertebral level. Its cylindrical shape is flattened posteriorly so that in transverse section it is shaped, with some individual variation, like a letter D. Its external transverse diameter is about 2cm in adult males, and 1.5cm in adult females. In children it is smaller, more deeply placed and more mobile. The lumen in live adults is about 12mm in transverse diameter, although this increases after death due to relaxation in the smooth muscle at its posterior aspect. In the first postnatal year, the tracheal diameter does not exceed 3mm while during later childhood its diameter in millimetres is about equal to age in years. The transverse shape of the lumen is variable, especially in later decades, being round, lunate or flat​tened.
Cervical part of the trachea . Anterior relations. The cervical trachea is crossed by skin and by the superficial and deep fasciae. It is also crossed by the jugular arch and overlapped by the sternohyoid and sternothyroid muscles. The second to fourth tra​cheal cartilages are crossed by the isthmus of the thyroid gland, above which an anas​tomotic artery connects the bilateral superior thyroid arteries; below this and in front are the pretracheal fascia, inferior thyroid veins, thymic remnants and the arteria thy-roidea ima (when it exists). In children the brachiocephalic artery crosses obliquely in front of the trachea at or a little above the upper border of the manubrium; the left brachiocephalic vein may also rise a little above this level. Posterior relations. Behind the cervical trachea is the oesophagus, running between the trachea and the vertebral column; the recurrent laryngeal nerves ascend on each side, in or near the grooves be​tween the sides of the trachea and oesophagus. Lateral relations. These are the paired lobes of the thyroid gland descending to the fifth or sixth tracheal cartilage, and the common carotid and inferior thyroid arteries.
Thoracic part of the trachea. Anterior relations. As it descends through the superior mediastinum, the thoracic trachea lies behind the following: the manubrium sterni, the attachments of the sternohyoid and sternothyroid muscles, the thymic remnants, the inferior thyroid and left brachiocephalic veins, the aortic arch, the brachiocephalic and left common carotid arteries, deep cardiac plexus and some lymph nodes; the brachiocephalic and left common carotid arteries come to lie respectively right and left of the trachea as they diverge upwards into the neck.Posterior relations. Behind the trachea is the oesophagus, separating it from the vertebral column. Lateral rela​tions. On the right are: the right lung and pleura, right brachiocephalic vein, superior vena cava, right vagus nerve and the azygos vein; on the left: the arch of the aorta, left common carotid and left subclavian arteries. The left recurrent laryngeal nerve is at first situated between the trachea and aortic arch, then in or just in front of the groove between the trachea and the oesophagus.
RIGHT PRINCIPAI BRONCHUS AND ITS BRANCHES 

The right principal bronchus is wider, shorter and more vertical than the left, being about 2.5cm long. It gives rise to its first branch, the superior lobar bronchus, then enters the right lung opposite the fifth thoracic vertebra. The greater width and more vertical course of the right principal bronchus explain why foreign bodies enter it more often than the left. The azygos vein arches over it and the right pulmonary ar​tery lies at first inferior, then anterior to it. After giving off the superior lobar bron​chus, which arises posterosuperior to the right pulmonary artery, it crosses the poste​rior asgect of this artery to enter the pulmonary hilum postero-inferior to" the artery, where it divides into a middle and an inferior lobar bronchus.
The right superior lobar bronchus. This branch arises from the lateral aspect of the parent bronchus and runs superolaterally to enter the hilum. About 1 cm from its ori​gin it divides into three segmental bronchi: the apical segmental bronchus continues superolaterally towards the apex of the lung, which it supplies, dividing near its ori​gin into apical and anterior branches; the posterior segmental bronchus serves the postero-inferior part of the superior lobe, passing posterolaterally and slightly superi​orly and soon dividing into a lateral and a posterior branch; the anterior segmental bronchus runs antero-inferiorly to supply the rest of the superior lobe; it divides near its origin into a lateral and an anterior branch of equal size.
The middle lobar bronchus. It starts about 2 cm below the superior, from the front of the parent trunk, descends anterolaterally and soon divides into a lateral and a me​dial segmental bronchus passing to the lateral and medial parts of the middle lobe, respectively.
The right inferior lobar bronchus. This is the continuation of the principal bronchus beyond the origin of the middle lobar bronchus. At or a little below its origin from the principal bronchus, it gives off posteriorly a large superior (apical) segmental bron​chus. This runs posteriorly to the upper part of the inferior lobe, subsequently divid​ing into medial, superior and lateral branches, the first two usually arising from a common stem. After giving off the superior segmental branch, the continuing right inferior lobar bronchus descends posterolaterally. The medial basal segmental bron​chus branches from its anteromedial aspect, running inferomedially to serve a small region below the hilum; the inferior lobar bronchus continues downwards then di​vides into an anterior basal segmental bronchus, which descends anteriorly, and a trunk which soon divides into a lateral basal segmental bronchus descending laterally and a posterior basal segmental bronchus descending posteriorly. In more than half of all right lungs a subsuperior (subapical) segmental bronchus arises posteriorly from the right inferior lobar bronchus 1-3 cm below the superior segmental bronchus. This is distributed to the region of lung between the superior and posterior basal segments.
IEFT PRINCIPAI BRONCHUS AND ITS BRANCHES 

The left principal bronchus which is narrower and less vertical than the right, is nearly 5 cm long, and enters the hilum of the left lung level with the sixth thoracic vertebra. Passing left inferior to the aortic arch, it crosses anterior to the oesophagus, thoracic duct and descending aorta; the left pulmonary artery is at first anterior and then superior to it. Having entered the hilum it divides into a superior and an inferior lobar bronchus. The left superior lobar bronchus. Arising from the antero-lateral as​pect of its parent stem, this bronchus curves laterally and soon divides into two bron​chi. These correspond to the branches of the right principal bronchus supplying the right superior and middle lobes, but on the left both are distributed to the left superior lobe, there being no separate middle lobe. The superior division ascends about 1 cm, gives off an anterior segmental bronchus, then continues a further 1 cm as the apico-posterior segmental bronchus before dividing into apical and posterior branches. The apical, posterior and anterior segmental bronchi are largely distributed as in the right superior lobe. The inferior division descends antero-laterally to the antero-inferior part of the left superior lobe (the lingula) forming the lingular bronchus which di​vides into superior and inferior lingular segmental bronchi, unlike the pattern in the right middle lobe where the corresponding distribution is superior and inferior.
The left inferior lobar bronchus. This branch descends posterolateral for 1 cm and then the superior (apical) segmental bronchus arises from it posteriorly and is distrib​uted in essentially the same manner as in the right lung. After a further 1 -2 cm the in​ferior lobar bronchus divides into an anteromedial and a posterolateral stem. The former divides into medial basal and anterior basal segmental bronchi; the latter into lateral and posterior basal segmental bronchi. The territories supplied resemble those on the right. The medial basal segmental bronchus is an independent branch of the inferior lobar bronchus in about 10% of lungs; this fact, and the similarity of its terri​tory to that on the right, supports its recognition as a separate segmental bronchus. A subsuperior (subapical) segmental bronchus arises posteriorly from the left inferior lobar bronchus in 30% of lungs.
LUNGS

The lungs are the essential organs of respiration. They are situated on either side of the heart and other mediastinal contents. Each lung is free in its pleural cavity, except for itsattachment to the heart and trachea at the hilum and pulmonary ligament. When removed, a lung, being spongy, can float in water and crepitates when handled, due to the air within its alveoli. It is also highly elastic and retracts when removed from the thorax. Its surface is smooth, shiny and separated by fine, dark lines into numer​ous small polyhedral domains, each crossed by numerous finer lines, indicating the areas of contact between its most peripheral lobules and the pleural surface.
At birth the lungs are pink, in adults a dark grey and patchily mottled; as age ad​vances this maculation becomes black, due to granules of inhaled carbonaceous ma​terial deposited in loose connective tissue near the surface; this darkening increases as age advances, often more markedly in men than women, and more in those who have dwelt in industrial areas or in smokers. The posterior pulmonary border is usu​ally darker than the anterior. In the upper, less movable parts of the lung, this surface pigmentation tends to be concentrated opposite the intercostal spaces. Lungs from fe​tuses or stillborn infants who have not respired differ from those of infants who have, being firm, non-crepitant and unable to float in water.
PULMONARY SURFACE FEATURES 

Each lung has an apex, base, three borders and two. In shape each lung approximates to half a cone.
Apex. This rounded upper extremity protrudes above the thoracic inlet where it con​tacts the cervical pleura, covered in turn by the suprapleural membrane. Owing to the inlet's obliquity, the apex rises 3-4 cm above the level of the first costal cartilage al​though level posteriorly with the neck of the first rib. Its summit is about 2.5cm above the medial third of the clavicle; the apex is therefore in the root of the neck. It has been asserted that because the apex does not rise above the neck of the first rib it is really intrathoracic, and that it is the anterior surface which ascends highest in in​spiration, but this requires confirmation. Over the suprapleural membrane, the sub​clavian artery arches up and laterally, grooving the anterior surface of the apex near its summit and separating it from scalenus anterior. Posterior to the apex are the cer-vicothoracic (stellate) sympathetic ganglion, the ventral ramus of the first thoracic spinal nerve and the superior intercostal artery. Scalenus medius is lateral and the brachiocephalic artery, right brachiocephalic vein and trachea are on the right, while the left subclavian artery and left brachiocephalic vein are on the left. Base. This is semilunar and concave, resting upon the superior surface of the dia​phragm, which separates the right lung from the right lobe of the liver and the left lung from the left lobe of the liver, the gastric fundus and spleen. Since the dia​phragm extends higher on the right than on the left, the concavity is deeper on the base of the right lung. Posterolaterally, the base has a sharp margin which projects a little into the costodiaphragmatic recess.
The costal surface. This aspect of the lung is smooth and convex, its shape adapted to that of the thoracic wall which is vertically deeper posteriorly. It is in contact with the costal pleura and exhibits, in specimens preserved in situ, grooves corresponding with the overlying ribs.
The medial surface. This has two parts: a posterior vertebral and anterior mediasti​nal part. The vertebral part lies in contact with the sides of the thoracic vertebrae and intervertebral discs, the posterior intercostal vessels and the splanchnic nerves. The mediastinal area is deeply concave, as it is adapted to the heart at the cardiac impres​sion, which is much larger and deeper on the left lung as the heart projects more to the left of the median plane. Posterosuperior to this concavity is the somewhat trian​gular hilum, where various structures enter and leave the lung, collectively sur​rounded by a sleeve of pleura which also extends below the hilum and behind the cardiac impression as the pulmonary ligament. Other impressions of the lung surface In addition to these pulmonary features, preserved lungs show a number of other im​pressions which indicate their relations withsurrounding structures. On the right lung the cardiac impression is related to the anterior surface of the right auricle, the anter​olateral surface of the right atrium and partially to the anterior surface of the right ventricle. The impression ascends anterior to the hilum as a wide groove for the su​perior vena cava and the end of the right brachiocephalic vein. Posteriorly this groove is joined by a deep sulcus arching forwards above the hilum and occupied by the azygos vein. The right side of the oesophagus makes a shallow vertical groove behind the hilum and the pulmonary ligament; nearing the diaphragm it inclines left and leaves the right lung; the groove, therefore, does not reach the lower limit of this surface. Postero-inferiorly the cardiac impression is confluent with a short wide groove adapted to the inferior vena cava. Between the apex and azygos groove the trachea and right vagus are close to the lung, but do not mark it.
On the left lung the cardiac impression is related to the anterior and left surfaces of the left ventricle and auricle and the anterior infundibular surface and adjoining part of the right ventricle; it ascends in front of the hilum to accommodate the pulmonary trunk. A large groove arches over the hilum, descending behind it and the pulmonary ligament, corresponding to the aortic arch and descending aorta; from its summit a narrower groove ascends to the apex for the left subclavian artery. Behind this, above the aortic groove, the lung contacts the thoracic duct and oesophagus. In front of the subclavian groove is a faint linear depression for the left brachiocephalic vein. Infe-riorly, the oesophagus may mould the surface in front of the lower end of the pulmo​nary ligament.
Pulmonary borders The inferior border is thin and sharp where it separates the base from the costal sur​face and extends into the costodiaphragmatic recess; medially, where it divides the base from the mediastinal surface, it is rounded. It corresponds, in quiet respiration, to a line drawn from the lowest point of the anterior border (see below) passing to the sixth rib at about the midclavicular line, then to the eighth rib in the midaxillary line (nearly 10cm above the costal margin), continued posteriorly, medially and slightly up to a point 2cm lateral to the tenth thoracic spine. The posterior border separates the costal surface from the mediastinal, corresponding to the heads of the ribs. It has no recognizable markings and is really a rounded junction of costal and vertebral (medial) surfaces. The thin, sharp, anterior border overlaps the pericardium; on the right it corresponds closely to the costomediastinal line of pleural reflexion, being almost vertical; on the left it approaches the same line above, but below the fourth costal cartilage it shows a variable cardiac notch, the edge of which passes laterally for about 3.5 cm before curving down and medially to the sixth costal cartilage about 4 cm from midline. It thus does not reach the line of pleural reflexion here, leaving the pericardium covered by a double layer of pleura (area of superficial cardiac dull​ness). However, surgical experience suggests that the line of pleural reflexion, the anterior pulmonary margin and the costomediastinal pleural recess are all most vari​able.
PULMONARY FISSURES AND LOBES 

The right lung is divided into superior, middle and inferior lobes by two fissures, an oblique and a horizontal. The upper, oblique fissure, separates the inferior from the middle and upper lobes, and corresponds closely to the left oblique fissure although it is less vertical, crossing the inferior border of the lung about 7.5cm behind its ante​rior end. On the posterior border it is level with. The spine of the fourth thoracic ver​tebra or slightly lower. It descends across the fifth intercostal space and follows the sixth rib to the sixth costochondral junction. The short horizontal fissure separates the superior and middle lobes, passing from the oblique fissure, near the midaxillary line, horizontally forwards to the anterior border of the lung, level with the sternal end of the fourth costal cartilage; on the mediastinal surface it passes backwards to the hi​lum. The small middle lobe is thus cuneiform and includes some of the costal sur​face, the lower part of the anterior border and the anterior part of the base of the lung. Sometimes the medial part of the upper lobe is partially separated by a fissure of variable depth containing the terminal part of the azygos vein, enclosed in the free margin of amesentery derived from the mediastinal pleura, so forming the 'lobe of the azygos vein'. This varies in size and sometimes includes the apex of the lung; it is always supplied by one or more branches of the apical bronchus. Radiographically, pleural effusion may be limited to the azygos fissure.
The left lung is divided into a superior and an inferior lobe by an oblique fissure, extending from the costal to the medial surfaces of the lung both above and below the hilum. Superficially this fissure begins on the medial surface at the posterosuperior part of the hilum and ascends obliquely back to cross the posterior border of the lung about 6 cm below the apex. It then descends forwards across the costal surface, reaching the lower border almost at its anterior end. It finally ascends on the medial surface to the lower part of the hilum. At the posterior border of the lung the fissure lies opposite a surface point 2 cm to the side of the midline between the spines of the third and fourth thoracic vertebrae, but may be above or below this level. Traced around the chest, the fissure reaches the fifth intercostal space (at or near the midaxil-lary line) and follows this to intersect the inferior border of the lung close to or just below the sixth costochondral junction (7.5cm from the midline). The left oblique fissure is usually more vertical than the right, and is indicated approximately by the medial border of the scapula when the arm is fully abducted above the shoulder. The superior lobe, which lies anterosuperior to this fissure, includes the apex, anterior border, much of the costal and most of the medial surfaces of the lung. At the lower end of the cardiac notch a small process, the lingula, is usually present. The larger, inferior lobe lies behind and below the fissure; it comprises almost the whole of the base, much of the costal surface and most of the posterior border of the lung
PULMONARYHILA AND ROOTS 

The pulmonary root connects the medial surface of the lung to the heart and trachea and is formed by a group of structures entering or leaving the hilum. These are: the principal bronchus, pulmonary artery, two pulmonary veins, bronchial arteries and veins, a pulmonary autonomic plexus, lymph vessels, bronchopulmonary lymph nodes and loose connective tissue, all enveloped by pleura. The pulmonary roots, or pedicles, lie opposite the bodies of the fifth to seventh thoracic vertebrae. The right root is situated behind the superior vena cava and right atrium and below the terminal part of the azygos vein. The left root lies below the aortic arch and in front of the de​scending thoracic aorta. Common relations of both are: anterior, the phrenic nerve, pericardiacophrenic artery and vein, and anterior pulmonary plexus; posterior, the vagus nerve and posterior pulmonary plexus; inferior, the pulmonary ligament.
The major structures in both roots are similarly arranged, as follows: the upper of the two pulmonary veins are in front, the pulmonary artery and principal bronchus are behind, and the bronchial vessels most posterior. Their vertical arrangement dif​fers slightly on the two sides. On the right, from above downwards, the sequence is: superior lobar bronchus, pulmonary artery, principal bronchus, lower pulmonary vein; on the left: pulmonary artery, principal bronchus, the lower pulmonary vein. The lower left pulmonary vein is inferior to the principal bronchus which is the low​est hilar structure. RESPIRATORY PASSAGES AND SPACES The 'lower' respiratory tract includes the larynx, trachea, extra-pulmonary bronchi (see below) and various orders of intrapulmonary tubes which repeatedly dichoto​mize. Whilst the primary bronchi each supply a lung, the secondary (lobar) bronchi each supply a lung lobe; tertiary (or quaternary), segmental bronchi supply bron​chopulmonary segments; further subdivisions branch repeatedly within segments, be​coming increasingly narrow. All intrapulmonary bronchi are kept patent by cartilagi​nous plates which decline in size and number and disappear from tubes less than 1 mm in diameter, termed bronchioles. After repeated branching, one tabular bronchi​ole enters each lobule, dividing at once into about six terminal bronchioles', these subdivide into one to three generations of respiratory bronchioles. Terminal bronchi​oles are the most distal air passages to be lined solely by simple columnar epithelium. Respiratory bronchioles in contrast have a few small alveoli arising directly from their walls and finally end in two or three alveolar ducts, thin-walled tubes expanding terminally into atria, which lead into alveolar sacs. The thin walls of the alveolar ducts, atria and sacs are studded with alveoli or acini, separated from adjacent alveoli by thin interalveolar septa of epithelium, connective tissue and capillary plexuses.
The terminology used here for the orders of branches is not universally agreed and confusion persists in the naming of conducting passages smaller than bronchi. For example, some authors define a terminal bronchiole as serving a lobule (often of un​specified type) and others adopt a simpler view of the passages leading to the alveoli.
PLEURAE 

Each lung is covered by pleura, a serous membrane arranged as a closed invaginated sac. Part of the pleura adheres closely to the pulmonary surface and its interolobar fissures as the visceral or pulmonary pleura. Its continuation lines the corresponding half of the thoracic wall and covers much of the diaphragm and structures occupying the middle region of the thorax; this is the parietal pleura. The pulmonary and parietal pleurae are continuous with each other around the hilar structures. They remain in close though sliding contact at all phases of respiration, the potential space between them being the pleural cavity. When air or fluid collects between the two layers, the pleural cavity expands. The right and left pleural sacs form separate compartments and touch only behind the upper half of the sternal body, although they are also close to each other behind the oesophagus at the midthoracic level. The region between them is the mediastinum (interpleural space). The left pleural cavity is the smaller of the two because the heart extends further to the left. The upper and lower limits of the pleurae are about the same on the two sides, but the left sometimes descends lower in the midaxillary line.
MEDIASTINUM 

The mediastinum is, strictly, the partition between the lungs and includes the medi​astinal pleura, although it is commonly applied to the region between the two pleural sacs. It is bounded anteriorly by the sternum and posteriorly by the thoracic vertebral column, extending vertically from the thoracic inlet to the diaphragm. For descriptive purposes it is divided into a superior and an inferior mediastinum, the latter being subdivided into anterior, middle andposterior parts. The plane of division into upper and lower mediastina traverses the manubriosternal joint and the lower surface of the fourth thoracic vertebra.
Superior mediastinum. This lies between the manubrium sterni and the upper four thoracic vertebrae. It is bounded below by the sternal plane, above by the plane of the thoracic inlet and laterally by the mediastinal pleurae. It contains the lower ends of the sternohyoid, sternothyroid and longus colli muscles, thymic remnants, internal thoracic arteries and veins, brachiocephalic veins and upper half of the superior vena cava, the aortic arch, the brachiocephalic artery, left common carotid and subclavian arteries, the left superior intercostal vein, the vagus, cardiac, phrenic and left recur​rent laryngeal nerves, the trachea, oesophagus, the superficial part of the cardiac plexus and thoracic duct. Associated with their named structures are also the para-tracheal, brachiocephalic and tracheobronchial lymph nodes.
Anterior mediastinu. Lying between the sternal body and pericardium, this region narrows above the fourth costal cartilages, where the pleural sacs come close to each other. It contains loose connective tissue, the sternop​ericardial ligaments, a few lymph nodes and the mediastinal branches of the internal thoracic artery and sometimes part of the thymus gland or its degenerated remains.
Middle mediastinum. The broadest part of the inferior mediastinum, it contains: the pericardium, heart, ascending aorta, the lower half of the superior vena cava, the ter​minal azygos vein, tracheal bifurcation and both main bronchi, the pulmonary trunk dividing into right and left pulmonary arteries, both pulmonary veins, the phrenic nerves, the deep part of the cardiac plexus and the tracheobronchial lymph nodes.
Posterior mediastinum. This region is bounded: in front by the tracheal bifurcation, pulmonary vessels, pericardium and the posterior part of the upper surface of the dia​phragm; behind by the vertebral column, from the lower border of the fourth thoracic vertebra to the twelfth, and on each side by the mediastinal pleura. It contains: the de​scending thoracic aorta, the azygos, hemiazygos and accessory azygos veins, the vagus and splanchnic nerves, the oesophagus, thoracic duct and the posterior medi​astinal lymph nodes. 

Equipment:
Cranium, skeleton, demonstration preparations, tables.
Control questions:
1. The arteries of different parts of the respiratory tree.
2. The blood drainage of different parts of the respiratory tree.
3. The peculiarities of aeration of lungs.
4. The surfaces and parts of the lungs.
5. The peculiarities of the structure of different parts of respiratory tree.
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