Human Respiration is the process where oxygen and glucose
go through a complex series of chemical reactions inside cells.

After flowing through the nasal cavities, air enters the
pharynx, or throat.

From the pharynx, air goes into the trachea or windpipe.
The lungs are the main organs of the respiratory system.

Alveoli are tiny sacs of lung tissue, which specialize in the
movement of gases between air and blood.

The bronchi are tubes that direct air to the lungs.

IThe diaphragm is a dome shaped organ that supports the
ungs.

The cilia, which are tiny hair like extensions of cells, can
move together like whips to move mucus up the trachea.

Human respiration
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Respiratory System Divisions

\ - Frontal sinus

i s e Upper tract
> Nose, pharynx
B—* and associated
— & structures
e > o e Lower tract
‘ 4 ‘ > Larynx, trachea,
bronchi, lungs

Nasal cavity
Sphenoidal sinus

Internal nares

1/26/2009



larynx

trachea -

bronchus

bronchioles
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alveoli
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diaphragm

bronchiol alveoli

The respiratory system
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« A) Uppe
1)

=

Respiratory Tract (URT)
aranasal structures
external nares
nasal cavity and septum
nasal conchae
nasal meatuses
olfactory epithelium
f) paranasal sinuses
g) ciliated pseudostratified
epithelium
2) pharynx
a) internal nares
b) auditory tubes
c) oropharynx
d) laryngopharynx
B) Lower Respiratory Tract (LRT)
1) layrnx
a) thyroid & cricoid
cartilage

o

[eX=Xel=x""]

b; vocal box
c) hyoid
2) trachea
ag "C" rings of cartilage
b) carina
i) receptors sensitive to
irritants

ii) initiates cough reflex
c) bronchi

3) lungs (right lung = three lobes; left
lung = two lobes)
a) pleural membranes
b) bronchi
c) bronchioles
d) terminal bronchioles
e) smooth muscles within
bronchiole walls
i) parasympathetic NS
activates (using histamine) bronchiole
smooth muscle (constriction)
ii) sympathetic NS inhibits
(using epinephrine) bronchiole smooth
muscle dilation?
f) alveolar ducts
ﬁg alveolar sacs
alveoli
i) simple squamous lining
il) septal cells - produce
surfactant
iii) macrophage (Kuppfer
cells) - remove alveolar irritants, debris
iv) entire alveolar surface
area = 750 sqgft
v) alveolar surface area site
of external respiration




- Larynx

Right primary Left primary

bronchus bronchus
Left secondary
bronchus

- LaH teriary

Right sacondary
bronchus

bronchus

Right tertiary
bronchus

= Smaller
bronchi

Smaller bronchi-=
T

RESPIRATORY SYSTEM FUNCTION
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The main basic functions of the respiratory
system include:

. Exchange of O2 and CO2.

. Voice production.

. Regulation of plasma pH.

. Olfaction (sensation of smell)

. Infection (pathogen invasion) prevention

Respiratory system importance

u b WN BB

Respilratory System Functions

« Gas exchange: Oxygen enters blood
and carbon dioxide leaves

» Regulation of blood pH: Altered by
changing blood carbon dioxide levels

e Voice production: Movement of air
past vocal folds makes sound and
speech

e Olfaction: Smell occurs when airborne
molecules drawn into nasal cavity

e Protection: Against microorganisms by
preventing entry and removing them




° The larynx,
° Trachea,
° Bronchi, and Lungs.

The respiratory system
Your cells obtain energy by acrobic respiration. That needs oxygen.
Your body takes it from the air via the respiratory system.

Air is drawn in through the A small flap of cartilage stops
nose, where it is filtered by food going into the windpipe
tiny hairs and warmed and instead of the gullet.
moistened by mucus. It is called the epiglottis.

The voice box or larynx,
which makes sounds for

speaking.

The lungs are soft and spongy.

‘The lungs are in a space called
the thoracic cavity.

‘The windpipe or trachea.
This is a flexible tube held
open by rings of cartilage. The pleural membrane
is a slippery skin lining
the cavity. It protects
the lungs as they rub
against the ribs.

In the lungs, the trachea
branches into two
bronchi. Each is a
bronchus.

The bronchi branch into
smaller tubes called
bronchioles.

muscles between the
ribs help you breathe
in and out.

The bronchioles end in  _#
bunches of tiny air sacs called
alveoli. Their walls are so

thin that gases can pass heart

through them. The diaphragm is a sheet of

muscle below the lungs. It
helps you breathe in and out.
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Nasal cavity

Nostril

Oral cavity

Larynx
Carina of
trachea
Right main
(primary)
bronchus
Left main
Right lung

(primary)
bronchus

Left lung

Respiratory System

Figure 22.1

Consists of the respiratory and conducting
zones

°Respiratory zone:

-Site of gas exchange

Bronchioles, /@ <

- Alveolar ducts,
- Alveoli

Respiratory System
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Conducting zone:
Conduits for air to reach the sites of gas
exchange

Includes all other respiratory structures (e.g.,
nose, nasal cavity, pharynx, trachea)

Respiratory muscles - diaphragm and
other muscles that promote ventilation

Contraction of external intercostal muscles > elevation of
ribs & sternum > increased front- to-back dimension of
thoracic cavity > lowers air pressure in lungs > air moves into
lungs

Contraction of diaphragm > diaphragm moves downward >
increases vertical dimension of thoracic cavity > lowers air
pressure in lungs > air moves into lungs:

Thoracic Walls

Muscles of Respiration

End of
expiration

[ sternocleido- _ End of

mastoid inspiration

Scalenes Labored breathing:
M : Additional muscles

uscles x . contract, causing

of | ;‘?ﬁ:ﬁ_"a"s &I:;lcle additional expansion
inspira- = of the thorax.
tion External

inter- " Internal

costals et inter-

- ‘-l-r‘! costals Muscles

ia- =
hragm -5 o% Ab-
| phrag dominal explratlon
muscles
Diaph Quiet breathing:
|3l'i' ragm The external Ab-

(a) Telaxe intercostal dominal

muscles contract,
elevating the

ribs and moving
the sternum.

muscles
relax.

The diaphragm contracts,
increasing the superior-inferior
(b) dimension of the thoracic cavity.

1/26/2009



Inspiratory
Intercostals

Expiratory

Intercostals

Diaphragm

Expiratory
Intercostals

Inhalation

X

External intercostal
muscles elevate ribs

Diaphragm moves
inferiorly during
contraction

-2
] W

- - Scalene muscles
3 elevate 1st and 2nd ribs
‘ \ \ ‘

.‘ sternum moves

iy

Inferior part of

anteriorly

"

Sequence of events

Changes in anterior-posterior and
superior-inferior dimensions

Changes in lateral dimensions

) Inspiratory muscles contract (diaphragm
descends; rib cage rises)

(@ Thoracic cavity volume increases

@ Lungs stretched; intrapulmonary
volume increases

@) Intrapulmonary pressure drops
{to =1 mm Hg)

Inspiration

(8) Air (gases) flows into lungs down its
pressure gradient until intrapulmonary
pressure is 0 (equal to atmospheric
pressure)

?\'\ ) Ribs elevated
A | } ﬁ and sternum
flares as
% external
intercostals
contract

— Diaphragm moves
inferiorly during
contraction

-]

':- intercostals
contract
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Muscles Involved in Breathing

Muscles of inspiration|

Sternocleidomastoid
Scalenes <

External
intercostals

Parasternal
intercostals

Diaphragm

Muscles of expiration|

Internal intercostals

External abdominal
oblique

Internal abdominal
oblique

Transversus
abdominis

Rectus abdominis

() Inspiratory muscles relax (diaphragm
rises; rib cage descends due to recoil
of costal cartilages)

pressure)

contraction

} ’ ) \ Ribs and
(@ Thoracic cavity volume decreases Q sternum i A :
depressed as | =Ry
§ (3) Elastic lungs recoil passively; external W Iﬁ?j’ \ |
E intrapulmonary volume decreases intlarcostals ,,' ., External ]
s relax | intercostals |
= W i
ul | @) Intrapulmonary pressure rises Ny, relax i
{to +1 mm Hg) 1 “:l::.'_-:.;‘ |
- . - .
® Air (gases) flmlnfs out r.:afllungs down its Diaphragm moves
p eg it until intrapul y . .
p ure is 0 h superiorly as it relaxes
Sequence of events M‘I in m’m;::’ﬂ:" Changes in lateral dimensions
super or-inferi
) Inspiratory muscles contract (diaphragm
descends; rib cage rises) -
P\\ q Ribs elevated
(2 Thoracic cavity volume increases A = ) t and sternum
> flares as N, Pe—
§ | @ Lungs stretched; intrapulmonary =% | external 7 & O\
® volume increases ] intercostals {. Bt
= "+ contract [ : i}
& |@ Intrapulmonary pressure drops 1 |™ intercostals =)
- (to =1 mm Hg) , contract )
1 3 e
(8) Air (gases) flows into lungs down its ; o] !
pressure gradient until intrapulmonary ! E > "~ Diaphragm moves
pressure is 0 (equal to atmospheric inferiorly during
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Superior vena cava—

Right auricle—

Right atrium

Right lung

Pericardium —

Right ventricle —

Diaphragm

-—— Left brachiocephalic vein
o

Ascending aorta

—Left lung

Pulmonary trunk
Pericardium

— Left ventricle

Fat in epicardium — — Apex of the heart
Figure 56 Heart and associated structures in thorax.

Copyright © 2006 Pearson Education, Inc. shing as Benjamin Cummings.

Figure 22.56

Aorta —/ — Spinal cord

Thoracic duct — — Intervertebral disc
Azygos vein — — Left ninth rib

Parietal —
pleura

Muscle of —
diaphragm

— Left sympathetic trunk
Hemiazygous vein

— Tendon of
diaphragm
Left phrenic
nerve

Right phrenic nerve —

Inferior vena cava —/
Left internal thoracic artery

— Pericardium

Figure 63 Diaphragm, superior view.

1/26/2009
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Pericardial sac fused

with central tendon Sternal rellection of right pleura
Bare aroa of pericardium
Stemal reflection of loft pleura \ Internal thoracic vessels
Costomediastinal recess > " Transverse thoracic muscle

Fal pad

Laft phrenic nernve

Right phrenic nerve

Inferior vena cava
Central lendon

ol diaphragm
Central tendon

Diaphragmatic
part*

Costodiaphragmatic
recess

Serratus posterior inferior m.

Thoracic duct Symp: tic: trunk
Azygos vein

Splanchnic nerve

Superior view

* ol parietal pleura

Parietal layer of serous — —— Ascending aorta
pericardium -

Pulmonary trunk

Superior vena cava 5 # 4 Auricle of left atrium

Fibrous pericardium

Auricle of right atrium
. - B 7 / 7 - Anterior interventricular
Right atrium —— - L s branch of left coronary
e - artery

Anterior cardiac vein — Great cardiac vein

Right coronary artery Left ventricle

Marginal branch of i .
right coronary o Visceral layer of serous
artery ¢ - 9 | pericardium (on heart

) / surface)
Diaphragm i & o : ) Right ventricle
(covered with b 2 [ s
parietal pleura) Figure 57 Heart and pericardium, anterior view.

Copynght © 2006 Pearson Educabon, Inc.. pubkshing as Banjamin Cummings.

Figure 22.57
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To supply the body with oxygen and
dispose of carbon dioxide

Respiration — four distinct processes must
happen

Pulmonary ventilation - moving air into and
out of the lungs

External respiration - gas exchange between
the lungs and the blood

Major Functions of the Respiratory
System

Transport - transport of oxygen and carbon
dioxide between the lungs and tissues

Internal respiration - gas exchange between
systemic blood vessels and tissues

Major Functions of the Respiratory

System

13
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— Superior sagittal sinus

_~—Falx cerebri

e — Midbrain
Corpus callosum ——__ £ g o H%pothalamus
P’ 12 ~— Optic chiasma

Thalamus ——— i v — Pons
Pineal gland ———— ; - ; / ¥48.— Pituitary gland
i % — Sphenoidal sinus
Great cerebral vein —; ——— Opening of pharyngo-

tympanic tube
Tentorium cerebelli

L QN f % Middle nasal concha
Straight sinus —-*"' X R f ..

Confluence of sinuses —¢i - S O S - U Hard palate
Cerebellum - SO e T ¢ palate
Fourth ventricle e W

Medulla oblongata ———— ——Uvula
Nasopharynx ———— ] ' 4 —— Tongue
Oropharynx —————— 7/ / L Mandible
Laryngopharynx : - s :

— Epiglottis

F 3 } gy S 5
Spinalcord ———— & v/ g “— Hyoid bone
LInllat of larynx

’

Figure 46 Sagittal section of the head.

NOSE
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The only externally visible part of the
respiratory system that functions by:

Providing an airway for respiration
Moistening and warming the entering air
Filtering inspired air and cleaning it of foreign
matter

Serving as a resonating chamber for speech
Housing the olfactory receptors

Function of the Nose

Nose is divided into two regions:

External nose, including the root, bridge,
dorsum nasi, and apex

Internal nasal cavity

» Philtrum - a shallow vertical groove inferior
to the apex

» The external nares (nostrils) are bounded
laterally by the alae

| |
Bridgeq |
/

Structure of the Nose ™

Nostrils

1/26/2009
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Epicranius,
frontal belly

Root and bridge
of nose

Dorsum nasi
Alaof nose

Apex of nose

Philtrum

Naris (nostri)

Frontal bone
Nasal bone
Septal cartilage

Maxillary bone
(frontal process)

Lateral process of
septal cartilage

Minor alar cartilages

Dense fibrous
connective tissue

Major alar
cartilages

Masal bones

Upper lateral
cartilages

£
g
Fy &1 Mazal analomical concepts
1 Fool of th nose
R 4 Bl
i s s i = Tho rnssl bone overlapping the tnangular carti-
- (aﬁ”@%ﬂfﬁ?ﬁ.ﬁf::.-'.;m,. i
. -‘_','..'f- = il The medean funow over the suparior edge of ths
1 ; — - sepium
z = 3 le = The bridge ol the nose
L w 4 The suparor sdgo o Bw sapium
T ] ] The "woak™ IHanghs

e = 5] The aniariod septal angls
3b | 7 Thee Indaead plnr angle
I 8 Thi RS i
i ] Thie "sal” angln
5 (1] The columells
] i % Tha nasolnba |l|l!]|f'
1 12 Tiha r sl &ping
b -I " 13 The nasal bano
B 14 The frontal proc il the mixiika
10- 15 The inanguliid & e

' 16 Thae .-;j__.-||- @l tha penlorm aparure
1 \ 17 This laberal cres of the alar canibags

\ 18 Tha inforor edge of the Seplum

12 i i The madiat crus of the akiar canilng:s

\1 20 The niasolacial angle

1/26/2009
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Table 25.1 Major Structures of the Upper Respiratory Tract

Structure' Anatomic Description

Nasal cavity Anterior facial projection, covered by skin; iniernal space
within nose contains openings for air eniry inlo respiratory
system; subdivided into left and right portions by nasal

septum in midline; paired nasal conchaz on lateral walls of
nasal cavity create air turbulence

Paranasal sinuses Mucosa-lined air spaces within the frontal, etlimoid,

sphenald, and maxillary bones

Pharvis Tubular passageway connecting nasal and oral cavities
10 larynx and esophagus; composed of nasopharyny,
oropharyay, and laryngopharynx; also called the throat

'Structures are listed in the order that air passes through them during inhalation.

Functions

Hais ai eniry filter large paricles; mucus helps cleanse
i blood vessels and mucus in nasal caly help warm
and molsten inhaled air; nasal conchae enable turbulent
air to remain in nasal cavity long enough to be cleansed,
moistened, and warmed; nasal cavity serves as chamber
for sound resonance

Cleanse air: serve as chambers for sound resonance;
lighten weight of skull

Acts as air passage between nasal cavity and Larynx and
a8 passageway for swallowed food and drink between oral
cavily and esophagus

Nasal Cavity and Ph X

Frontal sinus

Internal nares

Nasopharynx
Pharyngeal tonsil

Entrance to

Superior Nasal
Middie conchae

\‘\\ Inferior

AN et
A

auditory tube Bt
Soft palate nares
Hard palate
Palatine tonsil . Oral cavity
Oropharynx -7
i ( Tongue
Epiglottis IR Mandible
; ( Lingual tonsil
Laryngo- /
pharynx = ’4 ' Hyoid bone
! \/ 7~Thyroid cartilage
o? ;?3'?53 Cricoid cartilage
Vocal fold | Trachea
= o Thyroid gland

1/26/2009
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Communicates to the exterior by anterior naris or nostril..

With a wall of fibro connective tissue and cartilage. Can be
varied in size by the muscular action.

Communicates to the posterior nasopharynx by Posterior naris.
Has a rigid wall of bone and Hyaline cartilage.

Skin of the external surface has large sebaceous glands, sweat
glands and hair follicles with stiff thick hairs.

The hair functions as a strainer for coarse particles drawn in by
the breathing.

Deeper in the nasal vestibule, stratified squamous epithelium
becomes no keratinized.

Further down to the respiratory area it becomes Pseudostratified
CI|Iﬁ:1ted columnar epithelium with mucous goblet cells and Basal
cells.

The Nose

> Basal cells are believed to be stem cells that can
differentiate anytime into other cell types.

The respiratory epithelium lies on a basal lamina and
supported by lamina propria with numerous branched
tubulo-alveolar glands.

The glands are mucous, serous and some mixed
alveoli resembling minor salivary glands.

The lamina propria contains lymphatic tissue and
mononuclear ( phagocytic) cells at the posterior of
nasopharynx.

The deepest layer of the lamina blends into the
periostium or perichondrium forming a
mucoperiostium or mucoperichondrium.

The Nose....

1/26/2009

18



pear shaped, divided by the median nasal
septum.

Has three curved slender plates of bone covered
by a mucoperiostium protruding into it from the
wall. These are the Superior, middle, inferior
conchae. The inferior is the largest and covered
by a thick mucous membrane.

The lamina propriais covered by arich vascular
plexus and erectile tissue or cavernous thinned
walled vessels.

Every 30 to 60 seconds the cavernous tissue or
swell bodies of one side become engorged with
blood restricting the flow of air thus recover from
dessication.

Frontal section of the Nose

The surface is kept moist by mucous and
serous secretions that humidify the inspired
air.

The conchae cause turbulence in the airflow
aiding the contact of inspired air and the
mucous membrane, thus trapping particulate
materials, absorb pollutant gases

(ozone and sulphur dioxide).

The cilia of the ciliated cells constantly move
this mucous coat back to the nasopharynx
where it is swallowed or expectorated.

1/26/2009
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» Olfactory mucosa. Found at the roof
of each nasal cavity extending down
from the superior nasal concha, with a
yellowish brown area.

It is a Pseudostratified columnar

epithelium, lacks goblet cells, no
distinct basal lamina, of three types;

» 1. supporting cells
2. Basal cells
3. Olfactory cells

Nose, Organ of Smell....

tall, slender, cylindrical cells, broad at the apices
and tappering basally.

Nuclei are ovoid, situated centrally, forms a row,
Iyiﬂg more superficial than nuclei of sensory
cells.

Apically it bears microvilli protruding into the
underlying film of mucous with a terminal web of
filaments.

Small golgi apparatus lies superficial to the
nucleus with pigment granules similar to
lipofuscin.

Supporting or Sustentacular cells

1/26/2009
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Small, conical cells with dark ovoid nuclei
and branching cytoplasmic processes.

Lies between the bases of supporting cells.
Believed to be stem cells

Capable of differentiating into sustentacular
cells.

Basal Cells

Distributed evenly between supporting cells
and are modified bipolar with a cell body, a
dendrite and an axon passing deeply into the
lamina propria.

The nuclei is spherical and lie more basally.
Apical dendrites are slender, pass between
supporting cells to the surface to terminate in
small bulb-like swellings — Olfactory vesicles.
From it radiates 10 olfactory cilia or hairs each
with a basal body in apical cytoplasm of the
vesicle.

The cilia is long and non-motile.

It functions as the actual receptive elements.

Olfactory or Sensory cells.

1/26/2009

21



The basal part of each sensory cell tapers into a slender cylindrical
process that passes into the underlying lamina propria as axon which
are collected into small bundles “Fila Olfactoria™

It then passes superiorly thru the fine canals of the cribriform plate of
the ethmoid bone to enter the olfactory bulb of the brain.

Within the lamina propria are lymph and venous plexuses that
communicates with the subarachnoid space via capillaries running
with the fila olfactoria.

Glands of Bewman = found within the lamina propria of the
olfactory epithelium. Its watery secretions is carried to the surface of
the narrow ducts to moisten the surface of the epithelium and serves
as solvent for odiferous substances. Its continous secretions
freshens the surface film of fluid and prevents repetition of
stimulation of the olfactory hairs of a single odor.

Olfactory or Sensory cells....

Nasal Cavity

1/26/2009
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Lies in and posterior to the external nose
Is divided by a midline nasal septum

Opens posteriorly into the nasal pharynx
via internal nares

Thefethmoid and sphenoid bones form the
roo

The floor is formed by the hard and soft
palates

» Vestibule - nasal cavity superior to the
nares
Vibrissae - hairs that filter coarse particles
from inspired air
Olfactory mucosa
Lines the superior nasal cavity
Contains smell receptors

Nasal Cavity

1/26/2009
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Optic nerve

Pituitary gland —.

Trigeminal nerve —~.

Abducens nerve —

Pharyngeal branch —

of pterygopalatine
ganglion

Soft palate

Uvula

[— Sphenoidal sinus Frontal sinus

__—— Olfactory nerve fibers
in cribriform plate

____——— Superior concha
———— Superior meatus
—— Middle concha

— Middle meatus

Nasal vestibule

“ - Inferior concha

—— Inferior meatus
—— Hard palate

~— Oral vestibule

Figure 47 Left nasal cavity, lateral wall.

Olfactory epithelium

Mucosa of pharynx

Tubal tonsil

Pharyngotympanic
(auditory) tube

Nasopharynx

(a)

Qlfactory nerves

Superior concha
and superior meatus

Middle concha
and middle meatus

Inferior concha
and inferior meatus

Hard palate
Soft palate

Uvula

1/26/2009
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tory mucosa

Resp

- Lines the balance of the hasél cavity

- Glands secrete mucus containing lysozyme
and defensins to help destroy bacteria
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Ny @
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PULMONARY ALVEOLI

TYPE Il ALVYEOLAR M@

PNEUMOCYTE
FIBROBLAST

TYPE Il
PNEUMOCYTE

RBC
CAPILLARY

ENDOTHELIAL
CELL

PNEUMOCYTE
MONOCYTE

Sphenoidal sinu

Nasal meatuse:

(superior, middle,

and inferior)

Frontal sinus

Cribriform plate
of ethmoid bone

Nasal conchae

Pharyngeal tonsi ) : - (superior, middle
Opening o "a and inferior)
pharyngotympanic .
(auditory) tube Nasal vestibule
Nasogheny Nostril
:;::ﬁ:::r e Hard palate
Uvula :ah palate
Palatine tonsi ongue
Isthmus of th Lingual tonsil
fauces o
Oropharyn: Epiglottis
Laryngopharynx—— Hyoid bone
Vestibular fold = | ————— Thyroid cartilag
& a Laryngeal
Vocal fold 11 ] 4
2 Cricoid cartilage| cartilages
Esophagus
Thyroid gland
Trachea
(b}

1/26/2009
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Nasal Cavity, Coronal Section

Inspired air is:
Humidified by the high
water content in the _ 172
nasal Cavity -] h-illdt'.llecmlch:! J."_":
Warmed by riCh @ Inferior concha
plexuses of capillaries  osimsdninage /_;-

@ Superior concha |

Ciliated mucosal cells
remove contaminated /A
mucus TN

RV

\ | PARANASAL SINUSES

(Dlagrummatic, compasin,
oAl mection]

Nasal Cavity

> Superior, medial, and inferior
conchae:
Protrude medially from the lateral walls
Increase mucosal area
Enhance air turbulence and help filter air

Sensitive mucosa triggers sneezing
when stimulated by irritating
particles

Nasal Cavity

1/26/2009
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During inhalation the conchae and nasal
mucosa:
Filter, heat, and moisten air

During exhalation these structures:
Reclaim heat and moisture
Minimize heat and moisture loss

Functions of the Nasal Mucosa and
Conchae

PARANASAL SINUSES

28



air filled cavities within the bones of the skull,
located in:

Maxillary sinus

Frontal sinus

Ethmoidal sinus

Sphenoidal sinus

the epithelial lining is pseudostratified ciliated
columnar.

Thinner, fewer goblet cells and basal lamina is
poorly developed, no erectile tissue present.

Paranasal Air sinuses

Sinuses in bones i O

SINuses

that surround the P

nasal cavity s

Supenar
turhinate
Nasolacrimal

Middle
& duct

Sinuses lighten the iseie
skull and help to Mastary_8

warm and moisten Nasal—
the air

Infenor =
turbinate

Hyoid bone
Thyrohyoid membrang ~——— 2

Thyrohyoid eartidge -

Paranasal Sinuses

1/26/2009
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Paranasal

Sinuses

1.Sinus frontalis
2.Cellulae
ethmoidales
3.Septum nasi
4.Concha nasalis
inferior
5.Processus
alveolaris
mandibulae with
4 teeth
mmmd 6.Sinus maxillaris
7.Margo infraorbitalis
8.Linea innominata
9.Lamina orbitalis
ossis ethmoidalis
10.Margo .
supraorbitalis

FRONTAL

ETHMDINAL il
SIMISES. s

SUPERIOR ©
TURBINATE —

MODE
TURBINATE

INFERIOR,
TURBINATE

MEKILLARY
SIKLS

1/26/2009
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Nose and Pharynx

e Nose e Pharynx

- External nose i Cpmmpn opening for
: digestive and
> Nasal cavity

« Functions
o Passageway for air
o Cleans the air
o Humidifies, warms air
o Smell
o Along with paranasal
sinuses are

resonating chambers
for speech

respiratory systems
- Three regions

+ Nasopharynx

+ Oropharynx

+ Laryngopharynx

PHARYNX

31



Nasopharynx

Oropharynx
« It is divided into
three regions
- Nasopharynx
* Qropharynx
» Laryngopharynx

Laryngopharynx

anel-shaped tube
- of skeletal muscle
~ that connects to the:
- Nasal cavity and
mouth superiorly
- Larynx and esophagus
inferiorly

« Extends from the
base of the skull to
the level of the sixth

cervical vertebra

1/26/2009
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Muscles of Pharyns: Lateral View

gt

Muscles of Pharynx
Partially Opened Posterior View

Eas=ilar part of occipital bone Pharyngeal tubercle

Fharyngeal tonsil

Fharyngobasilar fascia

. Cartilaginous part of
Fharyngeal raphe pharyngotympanic [auditory) tube

Sceeszory muscle bundle from

Choana
petrous part of temporal bone.

Pharyngobasilar fascia
Styloid process.

Diga=stric muscle [posterior belly)
Stylopharyngeus muscle
Srylokyoid muscle:

Salpingopharyngeus muscle

Lewator veli palating muscle
Medial prerygoid muscle
Uyula

P alatopharyngeus muscle
Middle pharyngeal constrictor musele

Hyoid bone [tip of greater horn)
Epiglottis
Aryepiglottic fold Stylopharyngeus muscle

Cuneiform tubercle Fharyngoepiglottic fold
Longitudinal pharyngeal muscles

Inferior pharyngeal constrictor muscle .
Superior horn of thyroid cartilage

Comiculate tubercle=" i
Thyrohyoid membrane

Internal branch of superior laryngeal nerwe Fharyngeal aponeurosis

Fosterior border of thyroid cartilage lamina
Cricoid attachment of
longitudinal esophageal muscle

Transwerse and oblique arytenoid muscles

Faosterior cricoarytenoid muscle
Cricopharingeus [musele] part Circular muscle layer of ezophagus

of inferior pharynge al constrictor L
Longitudinal esophageal muscle
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The Human b Nasal passage
h fl Respiratory  ( \
chamber att_ened _ System =7 Oral cavity
anteroposteriorly, thru which
food and air passes. Py
Subdivided into: - Lanynx
Nasopharynx — from below the "~ Trachea

base of the skull behind the
posterior nares above the soft
palate.

Oropharynx — behind the oral
cavity and posterior of the
tongue.

Laryngopharynx — behind the
pharynx.

T Bronchi

f\ _ Lung

o Yot \ . Heart
i /"m{ - -
“”%” |- Ribs

Nasopharynx

1/ Nasopharynx

i Continuous with the nasal cavity via the internal nares.

Lined by respiratory epithelium.

Contains the opening to the auditory tube (a.k.a. the Eustachian
tube).

The auditory tube connects the pharynx to the middle ear cavity.

2. It functions to ensure that the air pressure within the middle
ear cavity is equal to atmospheric pressure.
Contains the pharyngeal tonsil.
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Nasopharynx I
Oropharynx [ \40‘
Laryngopharynx I

Frontal sinus

Nostril
Hard palate — f

Uvula
Tongue

Hyoid bone =
Larynx -

e —.

Trachea

Superior
Middle
Inferior

Nasal
conchae

Sphenoidal sinus
Pharyngeal tonsil

Nasopharynx
Opening of
auditory tube
Palatine tonsil
Oropharynx
Lingual tonsil

Epiglottis

Laryngopharynx
Esophagus

1/26/2009

35



> Lies posterior to the nasal cavity,
inferior to the sphenoid, and superior
to the level of the soft palate

Strictly an air passageway

Lined with pseudostratified columnar
epithelium

Nasopharynx

» Closes during swallowing to prevent

food from entering the nasal cavity

The pharyngeal tonsil lies high on the
posterior wall

Pharyngotympanic (auditory) tubes open
into the lateral walls

Nasopharynx

1/26/2009
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epithelial lining is pseudostratified
ciliated columnar or stratified squamous
over the posterior edge of the soft
palate.

In the respiratory passage area it is
with goblet cells, lamina propria is has
elastic tissue in contact with the
striated pharyngeal constrictor muscles.
In the lamina propria glands are
present, mucous, serous or mixed type.

Nasopharynx

Lymphatic tissue is abundant all throughout
the pharynx,

- Nasopharynx = Adenoids or pharyngeal
tonsils, true lymphatic follicles are located.
Palatine tonsils = lymphoid tissue located
laterally on each side at the junction of the oral
cavity
Lingual tonsils = lymphoid tissues located in the
root of the tongue
Tubal tonsils = collection of lyphoid tissues
lateally in the nasopharynx around the opening of
the pharyngotympanic ( Eustachian ) tube.

Nasopharynx
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I Inferior to the uvula and
superior to the epiglottis.

Lined by nonkeratinized stratified

squamous epithelium b/citis a
common pathway for food and air.

The palatine tonsils are located near the
opening of the oral cavity into the
pharynx.

Oropharynx (&

Median view of pharynx Posterier view of pharynx
(opened)

1/26/2009
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Soft palate

Uwula

Oropharynx

tends inferiorly from the level of the
soft palate to the epiglottis

-« Opens to the oral cavity via an archway
called the fauces

- Serves as a common passageway for food
and air

1/26/2009
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The epithelial lining is
protective stratified
squamous epithelium

Palatine tonsils lie in
the lateral walls of the
fauces

Lingual tonsil covers
the base of the tongue

Oropharynx

Inferior to the epiglottis and superior to the split
between the larynx and the esophagus.

Lined by nonkeratinized stratified squamous
epithelium b/c it is a common pathway for food and
air.

Continuous with the larynx inferiorly.

» Lingual tonsils are located on the posterior surface
of the tongue, which also places them near the
opening of the oral cavity into the pharynx.

laryngopharynx
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Oropharynx

Laryngopharyn

X

® Extends from: tip of epiglottis - €3

* To: start of oe - Cb

e Anterior: larynx, aditus, epiglottis

* Posterior: 3 uverluppmg constrictors, dehiscence of Killian,

copharyngeus, vertebrae c4,5,6

* Nerve s.pply internal laryngeal branch of superior laryngeal
nerve (X) & recurrent laryngeal nerve (X).
Note that there is some overlapping of supply
in the laryngopharynx unlike in the larynx

*® Lining: squamous non-keratinising epithelium

* Features: aditus to larynx & piriform fossa

Piriform fossa pharynx
mwu“ma :Wﬁfliut’“l.mfm.ﬂwr
i of ¢ i
lamina of thyroid wyhm Hm“mﬂa?ndhu
cartiloge Anterior: arytenoid cartil
Posterior: dehiscence of m
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NN,
Ethmoid sinuses - ~—~ 3
! -a.ﬁ -
e q
g

Superior nasal concha

Sphenoidal sinug

Superior meatus
Middle nasal concha—-—%— = = P

Middle meatus
Inferior meatus
Nasopharynx

Inferior nasal conchu
Vestibule -&
Hard palate

Soft palate
T Uvula
ongue
Oral cavity Oropharynx

Dentures Lingual tonsil

Laryngopharynx

Epiglottis

Thyroid cartilage —‘%k 2o g

Cricoid cartilage

Esophagus

a) Sagittal section

- Serves as a common passageway for food
and air

- Lies posterior to the upright epiglottis

- Extends to the larynx, where the
respiratory and digestive pathways
diverge

Laryngopharynx
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Connects the pharynx and the trachea
Plays an important role in phonation.

The walls are of skeleton hyaline and
elastic cartilage some with connective
tissue , striated muscle and mucous
glands.

Larynx

Routes food and air down their correct passages.

Contains the vocal cords, which function in voice production.
Arrangement of 9 cartilages connected by membranes and
ligaments and lined by respiratory epithelium.

Cartilages include thyroid, cricoid, epiglottis and 3 small
paired cattilages.

All cartilages are hyaline with the exception of the
epiglottis, wihich is elastic cartilage.

Thyroid cartilage is the largest and its midline laryngeal
prominence is the male “Adam’s apple.”

Inferior to the thyroid is the signet-ring shaped cricoid cartilage.
The 3 pairs of small cartilages form much of the posterior and
lateral larynx.

The epiglottis extends from the base of the tongue to its hinge
on the superior thyroid cartilage. During swallowing, the
epiglottis tips and covers the entrance to the larynx and ensures
that food enters the esophagus.

1/26/2009
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THE LARYNX

Major cartilage are:
Hyaline type.

- thyroid

- cricoid

EPIGLOTTIS

STRATIF. SQUAM. EP.
ELASTIC CARTILAGE

THYROID CARTILA GE
(HYALIN)

RESPIRATORY TYPE
EPITHELIUM

MIXED TYPE GLANDS

OSSIFICATION
FALS VOCAL CORD
LARYNGEAL

- arytenoids

YENTRICLE
EXTRINSIC
MUSCLES

RUE YOCAL CORD
YOCAL LIGAMENT
STRATIF. SQUAM.EP.
VOCAL MUSCLE

RESPIRATORY TYPE
EPITHELIUM

The Larynx

Figure 5. Logitudinal section of the larinx.

Thyroid
carllloge
[Adam's 3
appla) o
| ™ Thyrald

£ gland

“Thyrahyald

membrana

~ Cricald

Trachea, G5

1‘1.
Tracheol ™

e Functions

> Maintain an open passageway for air movement

> Epiglottis and vestibular folds prevent swallowed
material from moving into larynx

> Vocal folds are primary source of sound production
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Epiglottis

Hyoid bone

Lateral
thyrohyoid
membrane

Arytenoid
cartilage

Glottis

Thyroid
cartilage

Corniculate
cartilage

Cricoid
cartilage

Tracheal
cartilages

HYOID BONI

FAT BODY

VESTIBULAR. FOLD
(FALSE YOCAL
CHORDS)

LARNGEAL,
PROMINEMCE
{ADAMS APPLE)

THYROID
CARTILAGE

CRIOTHYROID
LIGAMENT

VOCAL FOLD
{TRUE VOCAL CHORDS)

FAIGLOTTIS

THYROHYOID
MEMBRANI

3 P

SUPERIOR
HORN
OF THYROID

CARTILAGE

CORNICULATE
CARTILAGE

ARYENOID
CARTILAGI

CRIOID

B CARTIAGE
~d

TRACHEAL

! CARTILAGH

S TRACHEA

——FEpiglotlic carlilage
; Hyoid bone

—Thyroid cartilage
——Cricoid cartilage

Trachea

(a)

~—Hyoid bone
——Epiglottic cartilage
. ——Corniculate cartilags
Thyroid cartilage— " ™~ Arytenoid cartilage
Cricoid cartilage ——
(b) Tra‘chaa. .
~——Epiglottic cartilage

\Hynid bone

——Thyroid cartilage
~——Cricoid cartilage

Trachea

o
—

~—Hyoid bone
——Epiglottic cartilage
. . ——Corniculate cartilagg
Thyroid cartilage— Arytenoid cartilage

Cricoid cartilage——

(b) Trachea

1/26/2009

45



Attaches to the hyoid bone and opens into
the laryngopharynx superiorly

Continuous with the trachea posteriorly

The three functions of the larynx are:
To provide a patent airway

To act as a switching mechanism to route air
and food into the proper channels

To function in voice production

Larynx (Voice Box)

The true vocal cords

consist of:
stratified sguamous The false vocal
epithelium cords consist of:

vocal ligament
(connective tissue, which
is mainly elastic bundles)
vocal muscle (skeletal
muscle, which regulates
the tension of the folds).

» respiratory
epithelium

» lamina propria
with many

exocrine glands
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Deep to the laryngeal mucosa in the lateral walls of the larynx
are the vocal ligaments. These are the core of the lower
vocal folds or true vocal cords.

Vibration of the vocal ligaments creates sounds that are then
modified by the tongue, lips, etc., to produce the sounds with
which we are familiar.

Superior to the vocal folds are the vestibular folds or false
vacal cords. These play no role in voice production.

The space between the vocal folds on the left and those on
the right is known as the glottis.

Cartilages (hyaline) of the larynx
Shield-shaped anterosuperior thyroid cartilage with a midline
laryngeal prominence (Adam’s apple)

Signet ring-shaped anteroinferior cricoid cartilage
Three pairs of small arytenoid, cuneiform, and corniculate
cartilages

Epiglottis - elastic cartilage that covers
the laryngeal inlet during swallowing

Y

Anatomy of the Voice

Framework of the Larynx

1/26/2009
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Larynx—

Epiglottis

d

—Thylohycld%l' '

Aryapiglottic fold

Epiglottis

L Thyronyoid

j'l- membrana
I

Fat

OROPHARYNX  NASOPHAHYNX

LARYMGOPHARYNK
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Epiglottis

———— Thyrohyoid

Body of hyoid bone membrane

Cuneiform cartilage

Thyroid cartilage Corniculate cartilage

< | (false vocal cord)
/LThyrnid cartilage

.- Vocal fold
A (true vocal cord)

Laryngeal prominence

Arytenoid cartilage
(Adam's apple) c .

Arytenoid muscles

Cricothyroid ligament——+ tnat "
Cricoid cartilage Cricothyroid ligament

Cricotracheal ligament Cricotracheal ligament

(a) (b)

Framework of the Larynx

Figure 22.4a, b

Base of tongue

Epiglottis
False vocal cord

True vocal cord

Glottis
Inner lining of trachea

Corniculate
cartilage

Crycoid Cartifage
Corniculate Cartilage

Arytenoid
Cartilage
Glottis

F7 " vocal Ligament

The Larynx: viewed from above

-~ %
Cricoid Cartilage

Thyroid Cartilage
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VVocal Folds

Corniculate Glottis (open)
cartilage \ POSTERIOR Glotllsl_ (closed)

Cuneiform __
cartilage

Vestibular
fold T

Vocal
fold —

. e
Epiglottis —

| ANTERIOR | Ao @

Root of tongue et

Base of tongue

Epiglottis

False vocal cord

True vocal cord

Glottis
Inner lining of trachea

Corniculate
cartilage

(a) (b)

Movements of Vocal Cords

Figure 22.5
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Attach the arytenoid cartilages to the
thyroid cartilage

Composed of elastic fibers that form
mucosal folds called true vocal cords
The medial opening between them is the

alottis
They vibrate to produce sound as air rushes up
from the lungs

Vocal Ligaments

> False vocal cords
Mucosal folds superior to the true vocal cords
Have no part in sound production

Vocal Ligaments
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» Speech — intermittent release of expired air
while opening and closing the glottis

» Pitch — determined by the length and tension of
the vocal cords

» Loudness — depends upon the force at which
the air rushes across the vocal cords

» The pharynx resonates, amplifies, and
enhances sound quality
Sound is “shaped” into language by action of the
pharynx, tongue, soft palate, and lips

Vocal Production

» The larynx is closed during coughing,
sneezing, and Valsalva’s maneuver
Valsalva’s maneuver

Air is temporarily held in the lower respiratory
tract by closing the glottis

Causes intra-abdominal pressure to rise when
abdominal muscles contract

Helps to empty the rectum

Acts as a splint to stabilize the trunk when lifting
heavy loads

Sphincter Functions of the Larynx
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Consists of the parts found in the thoracic
cavity: the lower trachea and the lower
trachea and the lungs.

Lower Respiratory System

Structures

The larynx goes directly into the The Human ! '\\ Nasal passage

trachea or the windpipe. Respitatory

The trachea is a tube approximately i
12 centimeters in Iengtﬁ and 2.5 System Oral cavlty
centimeters wide. Pharynx

» The trachea is kept open by
rings of cartilage within its - Larynx
walls.
Similar to the nasal passages, the _ Trachea

trachea is covered with a ciliated
mucous membrane.

Usually the cilia move mucus and o
trapped foreign matter to the s
pharynx.

After that, they leave the air
passages and are normally
swallowed.

The respiratory system cannot deal
with tobacco smoke very keenly.
Smoking stops the cilia from
moving. Just one cigarette slows
their motion for about 20

minutes. The tobacco

smoke increases the amount of

P Bronchi

\_- Lung
‘ Heart

mucus in the air passages. When
smokers cough, their body is
attempting to cfispose of the extra
mucus.

Trachea

1/26/2009
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Epiglottis

Inferiar pharyngeal
muscle {cut)

Inferior pharyngeal
Chea muscle
Thyroid

cartilage Killan's area

Hyaline cartilage

Ciliated epithelium L
/ Cricopharyngeal
> N Crcoid
JL~LQ'\:< \ cartilage

Lumen of trachea.

Circular muscle layer
of esophagus

ﬂ\r‘r\fﬁ“"’ijx 7 Moon Escphagus

) w?‘\: E
Smooth muscle

Connective tissue

Thyroid
cartilage
Cricoid
cartilage

Larynx-

—Trachea

Left primary
bronchius
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thyroid cartilage

ricoid cartilage

tertiary

(segmental K ;

bronchi LT ELRAXY
(segmental)
bronchi

Extends from the larynx to the mediastinum, where it splits into 2
primary bronchi.
Lined by respiratory epithelium and associated with abundant
mucus secretion.
Note: smoking destroys cilia. Without cilia, it becomes difficult to
sweep the mucus up and out of the trachea. The individual coughs
violently.
The persistent mucus may lead to chronic bronchitis
(inflammation of the bronchi).
The trachea is reinforced by about 18 C-shaped rings of cartilage.
These rings prevent the trachea from collapsing during inspiration.
The open portion of the cartilage rings is posterior and there you
find the trachealis muscle. The lack of posterior cartilage is
important b/c it provides the esophagus with room to expand when
a large bolus of food is swallowed.

» Carina - the point where the trachea divides into the left and right
primary bronchus.

Trachea

1/26/2009
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Flexible and mobile tube extending from
the larynx into the mediastinum

Composed of three layers
Mucosa - made up of goblet cells and ciliated
epithelium
Submucosa - connective tissue deep to the
mucosa
Adventitia - outermost layer made of C-
shaped rings of hyaline cartilage

Trachea

)--Thyroid

) cartilage
| pP— ,
(a < P . Va

el Cricoid

— § cartilage
- Trachealis muscle
——reT SV e e
3 S .,j Sl == : ok

Larynx — \

5 Anular
ligament

Tracheal

= cartilage

a) Anterior view

L | Esophagus

— Lumen of trachea

ciliated columnar

vl
Trachea- |
,-—-;dh Trachea
—.—"“' = o
] _ il = — Pseudostratified
— £
— 4 epithelium
= — C-shaped cartilagg
y \ Fo
(b) Cross section
Carina S = &
A - 5 _( ‘ ." ' .\
. J_:
Left primary
bronchus
thht
primary
bronchus
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B Primary bronchi

Bl Secondary bronchs
=
==

Tediary bronchi
Smaller bromnchi

Right primary 3 : P ™ 5 - L Left primary
bronchus - S . bronchus

Left secondany

Right secondary
bronchus

Right tertiary
bronchus

Smaller bronchi

nular
Esophagus ment
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Pseudostratified
ciliated columnar

Esophagus epithelium
——
Trachealis ——— —=——
muscle ] Seromucous glands

in submucosa

Lumen of
trachea

Mucols membrans VR Y ; B Hyaline cartilage

i 7/
Ly
e

(a) Anterio

Submucosa

Adventitia

Trachea

TRACHEA/ ESOPHAGUS
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Pore of Kohn

Pneumocyte Type 2

N =
R ] : -
P : D e
g 2 - l S U
\*--J Alveolar Macrophages P ‘\/
(Dust Cells) 4 :
-~ Interalveolar

E ! s Septum

Scanning EM of interalveolar
saplum in lung

Capillaries

Prneumocytes.
Type 1

The
Tracheo-bronchial
Tree
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Structurs of Trachea and Major Bronchi

Crens sectmn
[re———

STRUCTURE OF TRACHEA AND MAJOR BRONCHI
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Distribution of Lymphatics in Lungs and Pleura
Subp
lympt

Interlobular

lymph vessels

~——Lymph vessels an
pulmonary vein

=~ Subpleural lymph

__~Pleural lymph

" vessels visualized
through pleural
surface lining

AR
it

2386 LYMPHATIC DRAINAGE OF I-.UNGS AND PLEURA Il
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HISTOLOGY OF BRONCHIOLES

RESPIRATORY

BRONCHIOLE YISCERAL
ATRIUM PLEURA

TERMINAL
BRONCHIOLE

A(W

RESFIRATORY TO A ALVEOLAR
. COLUMNAR 4 DbucT

ADWENTIT LA

S.CUBODIDA
F.

ALVEOLUS

MICOSAE ALVEOLUS

"ORDINARY" RESPIRATORY ALVEOLAR
BRONCHIOLE BRONCHIOLE DUCT NEHERRARENT
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Airways resistance

emH,0l's  KPal's
Larynx, pharyni 05 0+05

Terminal
bronchioles

o~
o

Bronchioles

ol
(=]

Bronchi greater than
2mm diameter
Small (approx. gen, 0-9)

bronchi

Lobar
bronchus

| i
Bronchi smaller

than 2mm 02 002
5 15  diameter oral T2 K

Airway generation

.
]
§
G
N
N
N
N
5
0
§
8
N
N
v
0
0
N
\
\

Lung recoil is important for airflow
« recoil contributes to driving pressure for flow
« recoil helps hold intraparenchymal airways open

LARYNX
TRACHEA

LARGE
ALRWAYS

SMALL
ATRWAYS

ALVEOLI

65



1/26/2009

| ;
. Bronchioles,_ e Trachea
Composed of the : onchioles 1) 18 »\ iy

| . 47 fid
Lower trachea Bronchi, /Ny W/ — = cartilage

Bronchus ;
Bronchioles
Alveoli %
i~ Pleural
membrane
~ Pleural
cavity

- Diaphragm

The Respiratory part

The bronchial tubes ~.=P\ TF:?;gfzf
divide and then Rfonchi Y camlage

subdivide.

By doing this their walls
become thinner and
have less and less ;
cartilage.

Eventually, they become
a tiny group of tubes
called bronchioles.

i~Pleural
membrane

- Pleural
| cavity

Dlaphragm

Bronchioles
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Tracheobronchial Tree

e Conducting zone
> Trachea to terminal bronchioles which is
ciliated for removal of debris
> Passageway for air movement
o Cartilage holds tube system open and
smooth muscle controls tube diameter
e Respiratory zone
> Respiratory bronchioles to alveoli
> Site for gas exchange

Bronchioles
Consist of cuboidal epithelium
Have a complete layer of circular smooth muscle

W g
‘\“___ : =3
Conducting Zone: Bronchial Tree
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Around the center of the The Human g '\‘\ _ Nasal passage
e espiratory
chest, the trachea divides System : )L~ Oral cavity
into two cartilage-ringed = Phaym
tubes called bronchi.
- Larynx
~_ Trachea

Also, this section of the

/ AdHL _ Bronchi
respiratory system is lined i
with ciliated cells. e 'g/ \ Lung

. . Heart

The bronchi enter the lungs _-/_,?\{,,/ I Ribs
and spread into a treelike /
fashion into smaller tubes —e il
called bronchial tubes. %

Bronchi

> Carina of the last tracheal cartilage
marks the end of the trachea and the
beginning of the bronchi

Air reaching the bronchi is:
Warm and cleansed of impurities
Saturated with water vapor

Bronchi subdivide into secondary bronchi,
each supplying a lobe of the lungs

Air passages undergo 23 orders of branching

Conducting Zone: Bronchi

1/26/2009
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Tissue walls of bronchi mimic that of the
trachea

As conducting tubes become smaller,
structural changes occur
Cartilage support structures change
Epithelium types change
Amount of smooth muscle increases

Conducting Zone: Bronchial Tree

Superior lobe
of right lung

Superior lobe
of left lung

Right main

(primary)
bronchus

Lobar (secondary)
4 bronchus

Segmental (tertiary)
Middle lobe bronchus

of right lung

Inferior lobe
of right lung
Inferior lobe
of left lung

Conducting Zones
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Defined by the presence of alveoli; begins as
terminal bronchioles feed into respiratory
bronchioles

Respiratory bronchioles lead to alveolar
ducts, then to terminal clusters of alveolar
sacs composed of alveoli

Approximately 300 million alveoli:
Account for most of the lungs’ volume
Provide tremendous surface area for gas exchange

Respiratory Zone

Each bronchiole ends in a tiny air

chamber that looks like a bunch of

grapes. :
Each chamber contains many cup- Oxygenated
shaped cavities known as alveoli. blood to heart —

The walls of the alveoli, which are
only about one cell thick, are the ~ Pulmonary venule — I

Deoxygenated
~ blood from heart

respiratory surface. Bronchus — Pulmonary
They are thin, moist, and are Bronchiole ¢4 arteriole
surrounded by several numbers of g 4 N

capillaries. Alveoli . AR

The exchange of oxygen and !

carbon dioxide between blood and G

air occurs through these walls. b

The estimation is that lungs contain  vessels >
about 300 million alveoli. Their total  (capillaries)
surface area would be about 70 )
square meters. 4#)
That is 40 times the surface area of =
the skin.

Smoking makes it difficult for
oxygen to be taken through the
alveoli.

Alveoli
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Respiratory bror

Terminal
bronchiole

Conducting zone

'Respiratory zone

Terminal

Number of bronchiole

branches

2U07

Al1oreaidsoay

(60,000) Terminake
bronchiole

Branch of
pulmonary artery

Tarminal bronchiole

Respiratory branchiole

Branch of Capillary
pulmonary vein beds

lissue

Respiratory
ZO n e (aa Figure ££.50
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Subivistons anel
Siructure of
Intrapsilmenary
Alrwiys

The terminal unit

by Terminal Bronchiole
- Gas Exchange Zone
Respiratory
/ Bronchioles
" Alveolar Ducts
lr-;ul h

0 N
a4 " Alveolar Sacs
)

2317 INIHnFULMﬁNARV AIRWAYS

The alveoli distal to one Terminal Bronchiole make up an
acinus. Several of these form a lobule.
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The respiratory epithelium becomes less complex in the smaller
airways.

BRONCHUS BRONCHIOLE

Mucus Blancket

Gaobilet call

CLARA CELLS

ry A ]
Ciliated columnar cells
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ALVEOLUS
J;ﬂ; Jlype 11 Pneumocyte
; / @S h
. ‘3“"9
e e @"'lelhr bodes (Surtactant)
.<:"E é\f“ ' ot
sw
- Type | Pneumocyte
Z= > ,4 Alveolar macrophage
= ‘(:'.TT -
0 .
- v
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Intrapuimonary Biood Circulation

——— Terminal bronchiote

P v The terminal
unit with its
vaculature

e Apsperatory

| bronchicles

e Bronchial art

Pulmonary art
(deoxygenated)

Pulmonary veins
(oxygenated)

B

2381 INTRAPULMONARY BLOOD CIRCULATION

alveolus

simple squamous
epithelia cells

\ -
e B
ormal lung tissue 40&‘

simple squamuus’igf’

epithelia cells -
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A = alveolar air space
C = capillaries

The alveolar surface
in an air-filled prep
with surface tension

A = alveolar air space
C = capillaries
TM = tubular myelin
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Branch of
Bronchiole — pulmonary artery
Bronchial artery (red),
vein (blue), and nerve Smooth muscle
(yellow) around terminal
bronchiole

Terminal
bronchiole

Respiratol
hmr?l:hloltra'
Branch of

pulmenary
vein

Interlobular septum

Visceral pleura
- Pleural cavity

- Parietal pleura

Elastic fibers

Smooth muscle

Alveolus

1/26/2009

79



1/26/2009

r S

- The respiratory membrane consists of

- (1) A thin layer of fluid lining the alveolus,

- (2) The alveolar epithelium comprised of
simple squamous epithelium,

- (3) The basement membrane of the alveolar
epithelium,

- (4) A thin in-terstitial space,

« (5) The basement membrane of the capillary
endothelium, and the capillary endo-thelium
comprised of simple squamous epithelium.

Respiratory Membrane
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This air-blood barrier is composed of:
Alveolar and capillary walls
Their fused basal laminas

Alveolar walls:

Are a single layer of type | epithelial cells
Permit gas exchange by simple diffusion
Secrete angiotensin converting enzyme (ACE)

» Type LI cells secrete surfactant

Respiratory Membrane

The squamous epithelial cells of the alveolar walls
are sometimes called Type | pneumocytes.

these squamous Type | cells facilitate gas
exchange.

Scattered among the squamous cells are
occasional larger cuboidal cells, sometimes called
greater alveolar cells and sometimes called Type
Il pneumocytes. These cells secrete surfactant,
which serves the critical function of keeping alveolar
walls from sticking to one another.

ALVEOLAR CELLS
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Nucleus of Type |
Pneumocyte

Erythrocytes in
capillaries

Alveolar Macrophages ‘\/
(Dust Cells)

2
‘J‘-' ) Interalveolar
Septum
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Surrounded by fine elastic fibers

Contain open pores that:
Connect adjacent alveoli
Allow air pressure throughout the lung to be
equalized

House macrophages that keep alveolar
surfaces sterile

Alveoli

Capillaries

muscle
Elastic

Alveolus fibers

(b)

Respiratory Membrane
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Type Il (surfactant- Type | cell
secreting) cell of alveolar wall

Macrophage

epithelial)
cell

Respiratory Alveolar epithelium
membrane

Fused basement membranes
of the alveolar epithelium
and the capillary endothelium

Alveoli (gas-filled Red blood cell Alveolar pores Capillary endothelium

air spaces) in capillary

(c)

Interstitial

Alveolar
Basement
Membrane

Alveolus

Epithelium

Membrane

Capillary

Red Blood
Cell

| e

Respiratory Membrane
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Alveoli and Blood Vessels

Pulmonary .
Blood Capillary network
flow venils on surface of alveolus
2 Pulmonary
arteriole

Pulmonary
venule

Bronchiole

A i ' A = Pulmonary
Terminal - b i = PR arteriole

bronchiole

Respiratory
[bronchiole

Alveolar duct

Alveolar sac

Alveoli

Tarminal bronchiole
Respiratory Alvaolar
bronchiole Alveolar ducts Alveoli
’ v
_e
e n -
-

-
.
£

Alveolar duct Alveoli

Respiratory bronchiole

3
5

i
W

R

e

Respiratory membrane thickness

Increasing the thickness of the respiratory membrane decreases the
rate of diffusion.
In healthy lungs, the respiratory membrane (alveolar membrane +
endothelial membrane + fused basement membranes) is 0.5-1.0um thick,
but the thickness can be increased by respiratory diseases.

For example, in patients with pulmonary oedema fluid accumulates in the alveoli, and
gases must diffuse through a thicker-than-normal layer of fluid. If the thickness of the
respiratory membrane is increased two or three times, the rate of gas exchange is
markedly decreased.
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GOBLET CELLS CILIATED CELLS

BASAL CELLS

Goblet cells Ciliated epithelial cells

Typical
Respiratory
Epithelium

&

| -‘. & J
%, 3‘_“ 4 W ‘ X

(LEFT) Serous type nasal glands make a watery fluid. (RIGHT) Mucous glands produce a viscid
secretion. Notice that both are underneath the same type of TRE in these images.
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RESPIRATORY OLFACTORY

Olfactory
cell

Support
cell

Basal
cell

Olfactory
cells processes

Olfactory Epithelium
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OLFACTORY LOBE st
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OLFACTORY
NERVE

NASAL CAVITY

Lumen of trachea

Tracheal epithelium
("TRE")
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CARTILAGE RING

BRONCHAL GLANDS CARTILAGE PLATES

SMOOTH MUSCLE
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SMALLER
CARTILAGE PLATES SMOOTH MUSCLE BUNDLES BRANCH BRONCHUS

ARTERY RUNNING PARALLEL
TO BRONCHUS

SMOOTH MUSCLE BUNDLES
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BRONCHIOLES
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capillaries in
alveolar walls

alveolar
air space

bronchiolar
epithelium

bronchiole Tumen

alveolar air space
alveolar
epithelium

collageniin " e
interstitial space L

alveolar air space
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