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Name
CONDUCTING SYSTEM
Trachea
Primary bronchi Respiratory tract which do not directly
Smaller participate in gas exchange but it simply
bronchi allows bulk flow of air to areas which are
Conducting JAY:, responsible for gas exchange.
system \QS})%
O
\j% The conducting airways begin with the
trachea which subsequently divides into
:’5\ \ two main bronchi that in turn branch
4% into several lobar bronchi and so on until
oy : : L
7/~ )\ Bronchioles the terminal bronchiole which is
Exchance . (I considered the final, purely conducting
surface ‘Qf‘:,:} 4 Alveoll segment of the respiratory tract.




Trachea

CONDUCTING zone includes
ANATOMIC DEAD SPACE

Bronco
principale
di sinistra Conducting zone

Pleura
viscerale

Trachea 7

Goblet cell Basal cell Ciliated cell
_\ /_ Pseudostratified

ciliated columnar

Bronco

secondario epithelium

Bronco % Smooth muscle

terziario Bronchi

Cartilage

Bronchi

s aD Club cell

ql DIC(?Ole (Clara cell)—\ /— Ciliated cell
dimensioni 4 ‘ Simple ciliated
/ /‘;_, O O columnar epithelium

Bronchioles

s
0’7 Bronchioli % Smooth muscle

74 /\ Cuboidal
il ciliated cells Club cell
bronchioles _\ /_

(@) 2 Simple cuboidal epithelium

Smooth muscle
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§SMmusdeﬁbersare ;
. oriented concentrically, ina :

S : ¢ Terminal
| spiral fashion, : - { bronchiole
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Elastic fibers are
oriented longitudinally

RESPIRATORY ZONE
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Respiratory ""E | 53:"
bronchiole A
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B Lung parenchima
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Respiratory KK .
bronchiole v i Respiratory "
bronchiole I
Residual :
smooth muscle |

fibers

!
fPulmonary
i acinus

Elastic fibers

I
Se—— | Respiratory zone
f Cuboidal
i ' . mous cell
Alveoli : Respiratory cells Club cell Squamou

; bronchioles ] Simple cuboidal and
; squamous epithelium
; Smooth muscle

o e Pores of kohn | _

i The alveolar pores of Kohn connect adjacent alveoli. The pores are responsible for ype | pneumocyte

i collateral respiration when blockage of a small bronchiole occurs. Thus, in case of a K tveolaricacs Type Il pneumocyte

: blockage, adjacent unobstructed bronchioles and associated alveoli continue to
. provide alveolar ventilation through the pores of Kohn. '

.......................................................................................

Alveolar macrophage
Capillary




Histology of the Tracheobronchial Tree
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NASAL CAVITY

Olfactory region

Nasopharynx

Auditory tube
opening
Hard i Y/ - L Vestibule
palate 57 i 0 ) R Nasopharynx

Soft palate

Respiratory region
Oral cavity © tachmeanstomy



i Olfactory
Cribriform plate -
3 Olfactory NS

of ethmoid ,
bulb ,

Brain Frontal sinus

Superior concha

. Middle concha

Sphenond Inferior concha

sinus .
Nasal cartilage
Adenoids
Respiratory
area
Nostril or naris
- Upper lip
Soft palate ongue Opening of the

maxillary sinus

Nasal bones

Upper lateral
cartlage

Lower lateral
cartiage




Frontal sinus

Superior

nasal concha | Ethmoid
Middle bone

nasal concha

Superior, middle, and
inferior meatus

Inferior nasal
concha

Nasal bone

Anterior nasal spine

Maxillary bone
(palatine process)

Sphenoid | sinus
bone Pteryg0|d
process
Palatine bone
(perpendicular plate)

A D 3 D
Palatine bone
(horizontal plate)

Bones forming the left lateral wall of the nasal cavity
(nasal septum removed)

Bones Of The Nasal Cavity

Frontal sinus

Nasal bone

Perpendicular plate
of ethmoid bone

Septal cartilage

Vomer
Alveolar margin
of maxilla

Palatine bone
Palatine process
of maxilla
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Superior \
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1. Warming
2. Humidifing
3. Purifying

4. Smelling







OLFACTORY EPITELIUM

Plasma cell secretes IgA that Ethmoid bone

is transported into the lumen
Axons -surrounded by of the olfactory gland
cytoplasmic extension of olfactory N Rl e
myelin-producing cells- pierce the e e
cribriform plate of the ethmoid
bone into the olfactory bulb

Olfactory gland
gy of Bowman

Secretory product
containing odorant-
binding protein (OBP)

Basal cell

Immature olfactory cell

Olfactory cell (bipolar neuron) > ' | | Supporting cell
| with apically

Dendrite

Occluding junction — i "%

Knoblike ending of the dendrite

Modified cilium
Odorant-OBP complex Cg‘\ Knoblike endings

bound to a receptor on the

surface of the modified cilium Odorant molecule bound to OBP



Esophagus

Common carotid artery

Vertobra Tl

Superior thoracic aperture —

Internal
jugular vein

Apex of right lung

Subclavian
jartery and vein Manubriuny

of sternum

Rib Il

Drake: Gray's Anatomy for Students, 2nd Edition.
Copyright © 2009 by Churchill Livingstone, an imprint of Elsevier, Inc. All rights reserved.

Central
tendon
Xiphoid process

Inferior thoracic —3
aperture

Left dome

Distal cartilaginous
ends of ribs VI to X;

costal margins Esophageal

hiatus
Rib XI

Rib Xl
Vertebra TXII

Drake: Gray's Anatomy for Students, 2nd Edition.
Copyright © 2009 by Churchill Livingstone, an imprint of Elsevier, Inc. All rights reserved.
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_-Tonsilla tubaric

Recesso faringeo = :

Rilievo del m.
--- glevatore del
velo del palato

Cornetti nasali -=~

faringopalatino

Piega -~

salpingofaringea =~-Ugola

===~Istmo delle fauci

~-—Tonsilla linguale

Epiglottide —- ——
— ———Adito alla laringe

L.
‘ ¢\ Piega del n.

~}-- laringeo superiore

—==-= Recesso piriforme

, . -~
Incisura interaritenoidea



LARYNX

It is a conducting airways

It closes the path for inferior
respiratory tract

LArynx ¢

PHONATION
BARRIER TO AIR AND
DIGESTIVE TRACT
SWALLOWING -
PROTECTION AGAINST ———
ASPIRATION :

At level of C3 and C6 vertebra
Children and Women at higher level




Thyroid cartilage
Cricoid cartilage
Arytenoid cartilages

Epiglottis

HYOID BONE




Right lamina \ Superior
: e horn
Superior
thyroid notch
Laryngeal — N

prominence

Left lamina Oblique line

Inferior

thyroid notch

Inferior horn

Teardrop shape fibrocartilage
THYROID

Tapers inferiorly to petiole

Flexible and protect airways

(ELASTIC CARTILAGE) EPIGLOTTIS




HYAL ILAGE
LOCATIONS: Between
tips of ribs and bones of
sternum; covering bone
surfaces at synovial

joints; supporting larynx
(voice box), trachea, and
bronchi; forming part of

Chondrocytes

nasal septum in lacunae
FUNCTIONS: Provides
stiff but somewhat Matrix

flexible support; reduces
friction between bony
surfaces

El -G

LOCATIONS: Auricle of

external ear; epiglottis; § g
auditory tube; cuneiform A NE S ‘
cartilages of larynx b, Bud
5 A ~— Chondrocyte
FUNCTIONS: Provides | .0 . in lacuna
support, but tolerates : A
distortion without -} s /
damage and returns v v . 3
to original shape L i Elastic fibers
f ( Y in matrix

SPLErrp L e, ey

LOCATIONS: Pads

within knee joint;

between pubic

bones of pelvis;

intervertebral discs %ggfg?:

FUNCTIONS: Resists matrix

compression;

prevents bone-to-bone Chondrocyte
in lacuna

contact; limits relative
movement

LM x 1000

Copyright © 2010 Pearson Education, Inc.
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Faccetta articolare

aritenoidea
Lamina ! ==\ & _am Osso ioide
- } B i Membrana
Faccetta articolare N il , 4 tiroioidea
o Epiglottide — '
tiroidea RERen ! Comno superiore
della cartilagine
tiroidea
CRICOID Cartiagine
tiroidea A
Cartilagine
Legamento corniculata
Arco vestibolare
Cartilagine
Legamento aritenoidea
vocale
Legamento Cartilagine
cricotiroideo cricoidea
Cartilagine corniculata
‘ Legamento
cricotracheale
POSTERIORE ANTERIORE
Cartilagini

tracheali St y ' ’

Processo vocale

Processo muscolare Faccia articolare




Thyroid cartilage

Incision

Cricoid cartilage

EMERGENCY CRICOTOMY
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G

Vestibolo laringeo o
|l g | cavita sopraglottica

Radiological anatomy of the larynx and trachea.

Segmento medio o
ventricolo laringeo

Segmento inferiore o
cavita sottoglottica




Intrinsic Laryngeal Muscles

Posterior Lateral (anterior) Transverse
cricoarytenoid cricoarytenoid arytenoid
muscles muscles
—

Cricothyroid
muscles




A. carotide comune sinistra

N. vago destro N. vago sinistro

N. ricorrente destro

N. ricorrente sinistro

V. giugulare interna A. succlavia

~ -~ Esofago
~~~Trachea
Tronco e ik e o o o
brachiocefalico V. brachiocefalica iy A. succlavia

sinistra ~“sinistra
__Tronco

g brachiocefalico
Arco dell'aorta

V. cava superiore

—— ——— — . < w——————————

N. ricorrente
sinistro

Vasi intercostali

V. azigos S
g V. emiazigos
accessoria

Esofago

==f-———Aorta discendente

V. emiazigos




* Conducting portion
from larynx, divides
into right and left
primary bronchi

* 16-20 rings of cartilage

* Carina- ridge inside at
bifurcation of primary
bronchi

TRACHEA*

Trachea and M

Anterior

.':jor Bronchi
wew

—A

AN

L R



B C-shaped rings of

cartilage.

B Helps keep the trachea

open or patent.

Trachea
Cross Section

Elasio tbess




N - Luminal surface u Columnar ciliated cell
Cross section of hyaline
; : 2 | Goblet cell
cartilage rings
Basal cell

Seromucous glands
Respiratory epithelium

Basal bodies Cilia

Respiratory epithelium:
pseudostratified columnar
epithelium with ciliated cells,
goblet and basal cells

Basal lamina

Lamina propria




PRIMARY BRONCH]I*

* The trachea divides
INto one primary

bronchi to each lung.

* Primary bronchi have

cartilage.

Trachea and major bronchi of the lungs

M\[;

thyroid cartilage ['_ : (‘

median cricothyroid
ligament

cricoid cartilage

anular (intercartilaginous)
ligaments

mucosa of posterior left superior lobar bronchus
tracheal wall to superior lobe
L

tracheal cartilages

right superior lobar bronchus superior division)

1+ bronchus

~<\=—'-B4 to
. ¢B5 | lingula

to superior B1
lobe B2 \\

middle lobar bronchus i

to middle {BB; x '
lobe

right and left
main (primary)
bronchi

to inferior lobe

to inferior lobe inferior lobar bronchi
© 2008 Encyclopaedia Britannica, Inc.



RIGHT BRONCHUS-CLINICAL
CORRELATION*

Vertebral column=————

T : T Vagus n
‘ik if 2% W 1‘ Esophagus
T m P
|
~

WIE e MRight Primary

o == bronchus is more
vertical, wider and
shorter

Cupola of pleura

Aortic arch

B Aspirated objects have
a tendency to go here

{ ¥
Bronchial aa

Esophagus Aorta Intrapulmonary bronchi




SECONDARY BRONCHI*

Trachea and M?)'or Bronchi

Anterior View

* Secondary bronchi or

lobar bronchi divide gﬁl“‘f
from the primary
bronchi and
Trachea
* Three secondary .
b hi to the right brgnnaglr\‘us Labar
ronchi to the rig bronchus
and two to the left.
Segmental

bronchus




Plate 1-14

Apical (S1)

Upper lobe € Anterior (S3)

Posterior (S2)

Medial (S5)
Middle lobe
Lateral (S4)

Superior (S6)

Lower lobe £ Anterior basal (S8

Lateral basal (S9)

Lateral view

-
Upper lobe

Middle lobe {

Lower lobe
.

Bronchi
(anterior view) <

Right lung

Medial view

Apical (S1)
Upper lobe € posterior (S2)
Anterior (S3)

Middle lobe {Medial (S5)
'Superior (S6)

Posterior basal (510)
Lower lobe <

Medial basal (S7)

Anterior basal (S8)

hLateral basal (S9)

Respiratory System

A
Apical-posterior

(ST and S2)

Superior
division
Anterior (S3)
> Upper lobe
Superior (54) Lingular
division

Inferior (S5}

o

Superior (S6)
Anteromedial basal (S8)

> Lower lobe

Lateral basal (S9)

—
o 7 \.! > Upper lobe

J
Lateral view
Bronchi (anterior view) Left lung
> Lower lobe
Medial view
Apical-posterior
(S1 and S2) Superior
division Upper lobe

Anterior (S3)

Superior (S4) Lingular
A Inferior (S5) division

] Superiar (S6)

Posterior
basal (S§10)

Lower lobe
Anteromedial

basal (S8)
Lateral basal (S9)
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BRONCHIAL STRUCTURE

Pseudostratified columnar
ciliated epithelium with
goblet cells

Cartilage plates

Bundles of smooth muscle are
located between the mucosa and
the cartilage plates




BRONCHIOLAR STRUCTURE

ey
"




Cartilage

plates

More smootll

muscle

—

g

—

1° bronchus/bronchi

!

2° bronchus/bronchi

!

3° bronchus/bronchi

!

Bronchioles

!

Terminal bronchioles

Secondary bronchus

Tertiary bronchi

i

Respiratory bronchioles

!

Alveolar ducts

!

Alveoli
Site of gas exchange

016 Pearson Edu on, Inc

Terminal bronchiole

‘ Bronchuo!es
Respiratory /
bronchiole

Alveolar -——*{ “'b
wf’

Lobule

conducting zone

ansitional and
=2spiratory zones

acinus

(approx ciameten)

Bronchi  (~10mm)

N

Bronchioles

Terminal

Bronchioles  (+1mm)

‘QS

Respiratory
Bronchioles

Alveolar
Ducts

A Terminal bronchiole supplies air to a lung lobule. Each respiratory
bronchiole, derived from a terminal bronchiole, organizes a pulmonary acinus,

the functional unit of the lung

<

W N

16
17

19
20
2
2



Segmental bronchus Large subsegmental bronchi ~ Small subsegmental bronchi

Z 2 6 Alveolus

Respiratory Alveolar sacs

Bronchioles bronchiole  and alveoli
(cartilage plates are i :
not present) :____-m ______ i

Bronchi: have cartilage in the walls. As the ramifications
progress, hyaline cartilage is replaced by elastic cartilage.

Bronchioles: they do not have cartilage in the walls but only
smooth muscles.




Height  coblet Ciliated Hyaline
of the cells Clara cells

epithelium cells Glands

Elastic
cartilage Smooth fibers

muscle

0

0900 0

5]

A\ Jm" Y

\\\\[Ll\“.L
]

conducting

0 lo\o|
—
el

-
dl

respiratory




blood vessels
infiltrated by inflarmation
immune cells and swelling

decreased
lurnen
diameter

contracted
smooth muscle

exXcess

alveoli TR
(air pockets) smooth
muscle |

blood vessels 4%

lurnen ~*

mucous lining

normal airway

E t;i)stfucted aii'wa;
© 2001 Encyclopadia Britannica, Inc.

. Conducting zone

D Respiratory zone

Total
cross-section
area
(cm?)

generation

2




- Smooth muscle fibers are |
 oriented concentrically, ina
' spiral fashion, :

..............................

Terminal
bronchiole

..............................

Elastic fibers are

Respiratory )
bronchiole

Respiratory
bronchiole Respiratory
bronchiole
Residual
smooth muscle
fibers

Elastic fibers

Alveolar sac

Alveoli

ajnqo| Aseuowijng

; Pores of Kohn
The alveolar pores of Kohn connect adjacent alveoli. The pores are responsible for

: collateral respiration when blockage of a small bronchiole occurs. Thus, in case of a

. blockage, adjacent unobstructed bronchioles and associated alveoli continue to
. provide alveolar ventilation through the pores of Kohn.

Epitelio .
respiratorio Ramo dell'arteria
polmonare

Bronchiolo terminale

Nervo (giallo),
arteria (rossa)
e vena (blu)

Fibrocellul
bronchiali ocSue

muscolari lisce
intorno al bronchiolo
; k \ terminale

Bronchiolo . \N
terminale \

Bronchiolo
respiratorio

Fibre elastiche

Ramo Letti
dellavena g capillari
P Vaso
poimonare Dotto linfatico

alveolare
Alveoli

Sacco
alveolare

Setto
interlobulare

Pleura
viscerale

Cavita
= pleurica

Pleura
parietale



Pulmonary alveoli (singular, alveolus)

= ~150 million alveoli per lung; give lungs an open,
spongy appearance
= Surrounded by ) ¥
extensive capillary ] ke
network for gas I e R ——

A

eft main bronchus

oY Respiratory

b, bronchiole Bronchiole
eXC h an g e : ,ﬁ\ Terminal Bronchial artery (red), nerve
bronchioles (yellow), and vein (blue)
Broncho- —{ Bronchioles—_. Alveoli

Smooth muscle around

pulmonary | pegpiratory—) terminal bronchiole

segment -
bronchiole ggg@!‘y Pulmonary Terminal bronchiole
Alveoli —=45 lobule  Ajyveclar
ducts Bands of elastic fibers

Alveolar sacs or Lymphatic vessel

alveolar saccules @« Branch of

7 2

Jiii} pulmonary
d \ vein
Tyt A _Tlnterlobular

Alveoli

The Pleurae ) A septum
Visceral pleura —/i'{ (e " "'*:,"/‘ )i | L O s~ _fz;:’ gagillary
B = eds

Pleural fluid ——

Parietal pleura



Poro alveolare
Bronchiolo
respiratorio

Interno dell’alveolo
Cellula alveolare

Eritrocita

Sangue povero

di ossigeno
Artery dal cuore
B
Arteriole
Sangue ricco di ossigeno
al cuore
Connective
tissue
Endothelium . Muscle layer Collagen Capillarie
(Tunica intima) Elastic layers (Tunica media) (Tunica adventitia)
Diffusione di CO, nel sangue e conversione in HCO3
Vein

dei tessuti

2 A j
A SO /
52&.09-99&5&23%‘;3\_:6. 7 ;

e H—J

~
Tessuto corporeo Capillare C D Capillare Alveolo
del polmone




Alveolar epithelium (continued)

3. Roaming alveolar macrophages locate and
phagocytize particles that could clog the alveoli

Pneumocytes —
type |

Alveolar
macrophages

—— Elastic fibers

o n 3 < ' ——Interconnection
veolar macrophage St between

Capilla
Ay adjacent alveoli

Endothelial
"~ cell of capillary




y o T

Alveolar Sac |

.’"‘: {;25/5\ )'sz.l

-

- .
. L 4
Alveolar Duct o~
B3 .
4 -, e N L
o A '
.

VA
/\u" 84

- :
- - = ¥ - -5 = S r o

Respiratory Bronchioles y

This slide shows the transition from a terminal bronchiole, with a low cuboidal f
epithelium, to respiratory bronchioles, with a squamous epithelium. Terminal \
bronchioles are last generation of conducting airways. Respiratory

bronchioles can be identified by the presence of some alveoli along their walls.

The respiratory bronchiole splits into a number of alveolar ducts, which b
terminate in alveolar sacs and individual alveoli.

-

!’— = — ~— -— —— — v - —-—



T: bronchiolo terminale, R. bronchiolo respiratorio, D: dotto alveolare, S: sacco alveolare




Blood air barrier—where gas exchange occurs
between blood and alveolar air

= Three layers:
1. Alveolar cell layer (epithelium)

2. Fused basement membranes (alveolar and
capillary)

3. Capillary endothelium

Surfactant coating
Alveolar air space alveolar surface
The Blood Air Barrier

Alveolar cell layer

Fused basement membranes of alveolar //,,—\ Nucieus of
epithelium and capillary endothellum/ g \\\ ahdathalial eall

Capillary endothelium apillary lumen

| Red blood cell

Very rapid diffusion

= Minimal distance separating air and blood (average
~0.5 pm)

= Both oxygen and carbon dioxide are lipid soluble




Trachea b cm?2

300 million alveoli with a diameter of 200-300 um for a total of 70 m2 total
exchange surface

Conduction zone 150 ml

Capillaries with a diameter of 10 pm in which about 100-300 ml of blood flow
for an estimated length of ~1600 km




Cells Types of the
Alveoli

* Type I alveolar cells

— simple squamous cells where gas
exchange occurs

» Type II alveolar cells (septal
cells)

— free surface has microvilli

Alveolar fluid lining

with pulmonary surfactant
Alveolar

macrophage

Type Il alveolar cell
Type | alveolar cell

Interstitial fluid

— secrete alveolar fluid containing
surfactant
» Alveolar dust cells

— wandering macrophages remove @
debris

o
Erythrocyte

* Respiratory membrane = 1/2 micron thick
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The secondary pulmonary lobule

m refers to the smallest unit of lung structure marginated by
connective tissue septa

m They are irregularly polyhedral in shape and vary in size,

measuring from 1 to 2.5 cm @

@«

PARTIONGNY VoIne Interlobular Pulmonary lobules
& septa

Bronchioles and
pulmonary arteries




Acinus

Bronchioles

Visceral pleura

.

Arteries

Interlobular septa

Pulmonary vein

FIGURE 2-21 Normal HRCT lobular anatomy. HRCT of the
right upper lobe in a normal subject. Thin interlobular
septa identify a lobule (black arrows ) in the lung
periphery. A pulmonary vein branch (large white arrows )
is visible in relation to the periphery of the lobule. The
centrilobular artery is also seen as a white dot (small
white arrow ). Other pulmonary artery branches are
visible 5 to 10 mm from the pleural surface.
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LUNG FISSURES

-

L
A

Horizontal
fissure

\ Oblique
—\ fissure

fissure




middle lobe




SURFACES OF LUNGS

-J) Larynx

Trachea

Apex
Primary bronchi

.'.:h.u 'l.‘.lk.l\_-ll.-il-llll.ll. H

Superior lobe

4 — Costal
"
{ 4-/ \ surface

N7
Middle lobe £ 1%1
| - h " '5"
i
Fissures : 1 ' Ga:c-’nac
o Impression
1 . Mediastinal
| surlaces
Inferior lobe \_____...) —

(a) Anterior view

MBase-concave, located
along diaphragm

BCostal- Along thoracic
wall (ribs)

BMediastinal- near
midpoint, has cardiac
impression on left lung
(cardiac notch)

B Apex-rounded superior
portion

BHilus-point at which
nerves, vessels & primary
bronchi penetrate the
parenchyma of each lung.



BORDERS OF THE LUNGS

Right Lung

edial View

* Anterior-meeting of costal and

anterior mediastinal , sharp edge

* Posterior-meeting of costal and
posterior mediastinal surfaces
near vertebrae.Very round

contour.

Posterior
* Inferior-very sharp connects
diaphragmatic surface to mainly

costal.




right lung left lung

impression of aorta
impression of azygos ™

hilum

~ cardiac impression~

RALS

right anterior, left superior
position of puimonary artery relative to ‘

also present in hilum:
pulmonary veins, , lymphatics




