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Thorax & Thoracic Wall.
Muscles of Respiration.
Pleurae & Pleural
Cauvities.
Respiratory
Movements.

Structures of the Thorax that Produce Respiratory
Movements

1 Bones & Joints of the Thorax
1 Muscles of Respiration
1 Pleurae & Pleural cavities

1 Respiratory Movements of the Chest
— Inspiration
1/t requires expansion of the thorax and increase of the:
— Anteroposterior diameter of the thoracic chest

— Transverse (lateral) diameter of the thoracic chest
— Vertical diameter of the thoracic chest

— Expiration
11t requires decrease of the above diameters and volume
of thoracic cavity
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Bones of the Thoracic Cage

1 12 thoracic vertebrae
— 12 pairs of ribs articulate with them

1 12 pairs of ribs (24 costal bones)
— Rib 1-7 *“true” ribs
1 They have direct attachment to sternum
— Rib 8-12 “false" ribs

1 Rib 8-10 have attachment to sternum via the costal arch and cartilage
of 7th rib

— Costal arch is formed by cartilages of 7 to 10 ribs
— Rib 11-12 "floating” ribs

1 They do not form costotransverse joints and have no attachment to
the sternum or costal arch

1 One sternum. (It gives attachment to 2 clavicles.)

— 7 upper pairs of ribs articulate with it directly & ribs from 8 to
10 indirectly via the costal arch
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Surface Markings of Ribs & Sternum
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Atypical Thoracic Vertebrae

Superior vertebral notch

T11 & 12 i

Inferior vertebral notch

The 1st & 2"d Ribs

Grooves for subclavian vein and artery

Drigin of subclavius muscle n=zertion of middle scalene muscle
—Head of Izt rib
it \ |
- A Meck, af 15t rib
Insertion of antericr
scalene muscle
|
1

Tubercle of 1=t rib [no angle]
. o Head of 2nd rib
% 1 ;
- 5 hmeck of 2nd rib
.

3 Tubercle of 2nd rib
3 Angle of Znd rib

J

Cirigin of serratus anterior
muscle [1st digitation)

Not Twisted Shaft

Origin of serratus anterior muscle [2nd digitation]

Insertion of posterior scalene muscle
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A Typical Rib
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Joints of Thoracic Cage
1 Costovertebral Joints
— Sinovial
1 Joints of costal heads with vertebral bodies
— They are reinforced by following ligaments: Radiate, Intraarticular
1 Costotransverse joints

— They are reinforced by following ligaments
® Superior & Lateral Costotransverse ligaments

1 Sternocostal joints

— Chondrosternal synovial joints (from 2" to 7t ribs)
— They are reinforces by Ligaments: Radiate sternocostal & Intraarticular

— Interchondral synovial joints (from 6t to 9" cartilages
— They are reinforces by Lateral & Medial Interchondral Ligaments

— Synchondrosis of 15t costal cartilage with Manubrium Sterni
1 Costochondral Junctions — between ribs and their cartilages

1 Sternal Joints — Symphyses
1 Manubriosternal
1 Xiphisternal

Joints of Thoracic Cage

uperionr articular process —— Supenor costal facet

Costal facet of —{

=
fransverse process ~

”

Infierior arcular

I —1  Sternum W
Intervertebral disc 4 h

process | A )r |
{ |
\ Vertebral body 1 /
& : & \ W |
- - | e r
. o Inferior costal facet b s ";//
Rk W — — }-. g
. e - \ Jos
—x A |
| | ™ |
—— 1 J."
‘I\-_,_p“-l
Costal cartitage \;\ .'I

9/15/2010



Costovertebral Joints

Joint of costal head ~— Vartabra
Joint capsule ——
superior Rib .
costolransvarse ligamant —— Disc
4 Infra-articutar)
ligament
|——Vanabra
Joirit
cavities
Costotransverse

figament

costotransverse

ligament
Joint with vertebral body 4

Costotransverss joint

Transwverse costal Facet [far tubercle
of 1ib of zame number as vertebra)

Anterior langitudinal ligament

Inferior costal Facet [For head of rib,
ane number higher than that of
vertebra, ie, in the case of 4th thoracic
wverkebra, bor the head of Gth rib]

Inkerarticular ligament of head of rib . SR / t B Intertransverse igament

Superior costal Facet [far

head of rib of same number) Superior costotransverse ligament

Fadiate ligament of head of rib
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Chondrosternal & Interchonralints
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Muscles of Inspiration

1 Quiet and Forceful Inspiration
1 External intercostals

1 Diaphragm

1 Forceful Inspiration

1 Scaleni (anterior, medius, posterior)
1 Sternocleidomastoid

1 Serratus anterior

1 Serratus posterior superior

1 Pectoralis major

1 Pectoralis minor

1 Levatores Costarum

1 Quadratus Lumborum
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Muscles of Expiration

1 Quiet and Forceful Expiration
1 Internal & innermost intercostals
1 Subcostals

1 Forceful Expiration
1 Transversus thoracis

1 Rectus abdominis

1 Obliquus externus abdominis
1 Obliguus internus abdominis
1 Transversus abdominis

1 Latissimus dorsi

1 Serratus posterior inferior

Muscles of inspiration MUSCIES Of RESpiI‘EltiOII Muscles of expiration

Accessory Quiet breathing
Sternocleidomastoid

Expiration results from passive
Sternocleidomastoid - This recoil of lungs and rib cage
accessory muscle of inspiration

elevates the sternum.

Middle scalens
Anterior scalens
Fosterior scalens

A '-..1
J 1R
Scalenes - These accessor y b, Fo N |

mu=cles of inspiration elewate
and Fix the upper rib=.
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External intercostal muscle Intercostal nerve

Intercostal artary - . : \
o .
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Intercostal vein [ — g B
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Intercostal Spaces & their Contents

nternal intercostal muscle

Innermost intercostal muscle

Collateral branches
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Intercostal Nerve Block

#?l Optimal point to inject is
\ ¥ e angle of rib because ribis
* here most easily palpable.
Injection of several
adjacent nerves may be
necessary because of
owerlapping innervation

Sites bor injection
1. Angle of rib [preferred)

2. Posterior atillary line

3. ankerior axillary line

4. Infiltration at fracture site
b, Farasternal

Meedle introduced to contact lower barder of rib (1),
withdrawn slightly, directed caudad, advanced 118 inch o
slip under rib and enter intercostal space [2]. To avoid
prieumothorat, aspirate before injecting 5 ml anesthetic

Thoracentesis performed to obtain sample for testing
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Diaphragm

Thoracic Surface

i

Central Tendon
(Pericardial sa

Diaphragm
Abdominal Surface

Anterior branch of right phrenic nerve
Srernocostal triangle
Recurrent branch of left inferior
phrenic artery to esophagus
E=ophageal hiatus
Caval opening

Fibers from right crus passing
to left of esophageal hiatus
Right crus of diaphragm

Sternal part of diaphragm

Left phrenic nerve

Coztal part of diaphragm
Central tendon of diaphragm
FAnterior branch of left
inferior phrenic arkery

Left phrenic nerse

Median arcuate ligament

Right inferiar . L Left inferior
phrenic artery phrenic artery

Gireater splanchnic
nerve
Fight ascending
lumbar wein [become:

Lesser splanchnic
nerde

Least splanchnic
nerse
Transversus
abdominis
muscle
Cuadratus
lumborum muscle
Sympathetic trunk,

2th rib
Medial arcuate ligament

Transwerse process of L1wvertebra

Fsoas major muscle Lumbar part of diaphragm

Celiac trunk

Abdominal aorta

Lateral branch of left
inferior phrenic artery

Left superior
suprarenal arkery

Sortic hiatus

azygos vein) : f 1 ] i == | Left ascending
- [ lumbar wein
Costal part [becomes
of diaphragm hemiazygos vein]

Left crus of
diaphragm

Lumbocostal triangly

Lateral arcuate ligament

4l

Eibouarti
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External
Intercostals

Anterolateral Abdominal Muscles

Rectus Sheath
Cross Section Below Arcuate Line

Subcutaneous tissue [Fatty
Fectus abdominis muscle nd membranous layers]

Anterior layer of rectus sheath

oblique muscle

Internal oblique muscle
Aponeurasis of internal

oblique muscle Skin Transwersus abdominis muscle
Sponeurosis of ranswersus
abdominis muscle

==
e o T e T
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Peritoneum FAedial umbilical ligament and fold

Ertraperitoneal fascia . . .
[loose connective tissue)] Umbilical prevesical fascia

Transwer=alis fascia Urachus (in median umbilical fold)

Aponeuroziz of internal oblique muscle does not zplit at thiz level but pazzes completely
anterior to rectus abdominiz muscle and iz fuzed there with both aponeuroziz of external
oblique muscle and that of transversus abdominiz muscle. Thus. posterior laver of rectus
sheath iz abzent below arcuate line and rectus abdominiz muzcle lies on transverzalis fascia

" Exzternal oblique muscle
Aponeurosis of external

9/15/2010

14



Accessory Muscles of Respiration
Lateral Thoracic Wall

Middle scalene muscle Fosterior scalens muscle
Fhrenic nerve
Ankerior scalene muscle

Accessory nerwe [#I]

Lewator scapulae muscle

Brachial plexus

Subclavian artery and vein

Serratus anterior muscle
Superior thoracic artery

Scapula [retracted)
Intercostobrachial nerve

. ‘Subscapularis muscle
External intercostal

membrane [ankerior to
internal intercostal muscle)

Ferforating branch DF/
internal thoracic artery and
anterior cutanecus branch
of intercostal nerse

Teres major muscle

Lateral thoracic artery
External intercostal muscle

Long thoracic nerve

Lateral cutaneous ':'-":“.'“--v.'-' il
branches of inkercostal
nerdes and posteriar e - s
intercostal arteries

Serratus anterior muscle

Superior nuchal line of skull

Spinous process of G2 wertebra Semispinsliscapitismuscle

i i Splenius capitis muscle
Sternocleidomastoid muscle 4
Spinous process of C7 wertebra

Fosterior triangle of neck Splenius cervicis muscle

Trapezius muscle Lewvator scapulae muscle

Fhomboid minor muscle [cur)
Spine of scapula
Deltoid muscle Supraspinatus muscle

y : erratus posterior superior muscle
Infrazpinous Fascia

Fhomboid major muscle [cut)

Teres minor muscle

. Latizzimus darsi muscle [cut)
Teres major muscle

ih : A Serratus anterior muscle
L ati=zimus dorsi muscle [intact)

Spinous process of T12 vertebra Erector spinae musele
Serratus posterior inferior musche
Zth rib

Erectar spinae muscle

Thoracolumbar Fascia

Internal oblique muscle in

lurnb ar [Petit’s] triangle External oblique muscle

llizc crast

niternal obliﬂue muscle

Giluteal aponeurosis ower
[gluteus medius muscle] Giluteus marimus muscle
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PLEURA

1 Pleura : is a serous membrane, investing the lungs
and lining the walls of the pleural cavities.

— Visceral Pleura: The inner membrane of the pleural cavity,
or the membrane immediately surrounding the lung. It
covers each lobe invaginating into the fissure(s) of the lung
(where there are extension(s) of the pleural cavity between
lobes) and it is reflected over the root of the lung to the
mediastinum, where it is continuous with the Parietal Pleura.

— Parietal Pleura: The outer membrane, lining the walls of the
pleural cavity. It is subdivided into four parts:
1 The Costal Pleura: That portion of the parietal pleura bordering the
rib-cage.
1 The Mediastinal Pleura: That portion of the parietal pleura bordering
the mediastinum.

1 The Diaphragmatic Pleura: That portion of the parietal pleura
bordering the diaphragm.

1 The Cervical Pleura : That portion of the parietal pleura above the
level of the superior thoracic aperture, projecting to the root of the
neck.

Pleurae

Luangs in Situ
Anterior View

Parietal Pleura Visceral Pleura
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Arrangement of Pleura

The arrangement of pleura and lungs is
similar to that of a partly expanded balloon
against which one puts one's fist. The rubber
adjacent to the fist is like the vwisceral pleura,
while the outer rubber is like the parietal
pleura.

The space between the visceral and parietal
pleural membranes is the pleural sac, or
cavity. It contains a very small amount of
pleural fluid, for lubrication of adjacent
surfaces during lung movements.

Yisceral pleura

Farietal pleura

Pleural sac

Arrangement of Pleura

DEMONSTRATION OF PLEURAE AND THE LUNGS

Each lung is surrounded by two layers of serous
membrane known as the pleurae.

The visceral and parietal pleurae are actually
a continuation ofthe same memhbrane.

COVers surface
i of lungs

(N Visceral pleura
|

—— Parietal pleura lines
* mediastinum

* diaphragm

* thoracic wall

— Pleural cavity with - )
pleural fluid e

The relationship hetween the pleurae and the
lungs can he demaonstrated by pushing a fist
into a water-filled halloon.

9/15/2010
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f s

Subdivisions of : iaI Pleura

pace for root of lung

PLEURAL CAVITY

Pleural Cavity is a slit-like cavity (containing a capillary film of
serous fluid) between the visceral and parietal pleurae (with a
negative sub atmospheric pressure).

There are two (right and left) pleural cavities separated by the
mediastinum in which the lungs are contained. All surfaces of
the lung, covered by the visceral pleura, are surrounded by the
pleural cavity.

The Is an extension of pleural cavity limited by
two adjacent parts of the , Which a lung can enter
only during a deep inspiration. There are three main paired
pleural recesses on each side of the thorax:

Costodiaphragmatic Recess: reflection between the costal
pleura and diaphragmatic pleura.

Costomediastinal Recess: reflection between the mediastinal
pleura and costal pleura.

— The left costomediastinal recess is larger than the right, due to the

cardiac notch -- the impression left on the left lung from the heart.
Mediastinodiaphragmatic Recess: reflection between the
mediastinal pleura and diaphragmatic pleura.

9/15/2010
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Lungs in Sitw Anterior View

Parietal plowra

Wisceral plaura
Flewral cavity

Mediastinum

Trachea and inferior thyroid weins

Omohyoid, sternothyroid and sternohyoid muscles
Stemocleidomastoid muscle ;Thyroid gland
Common carokid artery
Fhrenic nere

Euternal jugular wein
i Internal jugular wein

Clavicle i
P i . | Anterior scalens muscle
ectoralis major muscle 4 H
Thoracic duct
Fectoralizs minor muscle .
; A SRl Erachial plesus
& L5 P Subclavian
Costal part of parietal X i — artery and vein
Rleura lei sy ] 3 Aillary artery
Superior labe /! = ; 3 and wein
of right lun - B .
d d ¥ : % - i Flanubrium of
Horizontal fissure i g et Starnum .
of right lung 4% h 2 . Internal thora_clc
| g il artery and wein
i = k :
Intercostal muscles = o i | (| ‘Superior lobe
5 : fln | g of left lung
Pliddle lobe of right lun, ' i e
gl o— T A f o .
Oblique fissure | 1 ; # & .y ! E?Ire‘jflflfl:otch
of right lung i _,.;"5 g 5 1 3 9
J 3 - 4 5] Mediastinal part
3 s of parietal pleura
. . . B k Ly Oblique fissure
Inferior lobe of right lung 1 %, = of left lung

Diaphragmatic part of paristal Infericr lobe of left lung
Fleura 2 |
Diaphragm : Lingula of superior
N | g labe of left lung
L Fusculophrenic arkery -

2

Internal thoracic artery 31' /‘7

%
Tth costal cartilage
Fibrous pericardium

Eleuralieflection:

Hiphoid process
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Right Pleural Cavit

Apezx of right lung - — rachesa

— Left pleural cavity

Parigtal plaura

Viscefal pleura

Surface Markings of Pleurae

1 Obligque fissure

2 Transverse fissure — Parietal Pleura
3 Back border

4 Back border ::"“l" mmm———_ Visceral Pleura
5 Anterior border of lung
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Respiratory Movements & Structures Producing Them

1 Inspiration
— Elevation of sternal ends of ribs
1 Pump handle (forward & upward) movement of sternum
— Increase of anteroposterior diameter of the chest
Elevation of lateral shafts of ribs
1 Bucket handle movement of ribs (upward & laterally)
— Increase of lateral (transverse) diameter of the chest
Depression (lowering) of Diaphragm
1 Increase of vertical size of the chest
It results in expansion of the chest and drop of pressure in pleural cavities. It
causes expansion of lungs and drop of pressure in alveoli. Atmospheric air will
enter lungs through the airway and inflate & expand them.
1 Expiration
— Pump handle (backward & downward) movement of sternum
1 Depression of sternal ends of ribs
1 Decrease of anteroposterior diameter of chest
— Bucket handle movement of ribs (downward & medially)
1 Depression of lateral shafts of ribs
1 Decrease of lateral diameter of chest
— Elevation of Diaphragm
1 Decrease of vertical size of chest

— lItresults in reduction of chest volume and squeeze of lungs. Because of this and
elastic recoil of lungs alveolar air will be pushed through airway into atmosphere

Events occurring during inhalation and exhalation:

Movements of ribs at costovertebral joints:
Up and down gliding movements of costal head and tubercle,
which permit rotation of costal neck around its long axis
— Upward rotation brings about elevation of shaft and sternal end of a rib
during inspiration (tubercle glides Down)
— Downward rotation brings about depression of shaft and sternal end of
a rib during expiration (tubercle glides Up)
Bucket-handle inspiratory movement, when pail handle is
raising, its convexity moves laterally, increasing transverse
diameter of thorax. It occurs during elevation of shafts of ribs.
Depression of shafts causes expiration.

Pump-handle inspiratory movement, when sternal end is
elevating it also moves anteriorly like a pump handle,
increasing anteroposterior diameter of thorax. Depression of
sternal end causes expiration.

Movements of Diaphragm:

Depression of Diaphragm during its Contraction increases vertical diameter
of thorax & causes Inspiration

During relaxation Diaphragm is pushed up by abdominal organs thus
decreasing vertical diameter of thorax and this causes Expiration

21



Expansion of the Thorax in Inspiration

Elavation of lateral aspect Sternum moweas forward
af ribas in Inspiration in inspiration becausa of
i elevation

Diaphragm descands to
Increasa thoraclc capacity
in inspiration

Expanding thoracio cavity

Bucket handie action

9/15/2010
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Expansion of Thorax in Inspiration (pump handie action)

Anteroposterior expansion

e
Descent of diaphragm
FIGURE 3-13 The different ways in which capacity of thoratic cavity is increased during inspiration

Backet-Handle Movement of Ribs
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Backet-Handle Movement of Ribs

k
A | B | |

Figure 1-15. The ‘‘bucket-handle’ inspiratory movement. A, when
the pail handle is raised, its convexity moves laterally, away from its
attachments. B, similarly, when the intercostal muscles contract the ribs
move superolaterally, increasing the transverse diameter of the thorax.

9/15/2010
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Pump-Handle Movement of Ribs

r - - -
] —— -
-
A i e
h K. ——— -
"

Figure 1-16. The *‘pump-handle’” inspiratory movement. Anterior parts
of the ribs move anteriorly like a pump handle. This action moves the
sternum up and down, increasing and decreasing the anteroposterior
diameter of the thorax.

Forces During Quiet Breathing

Forces During Quiet Breathing

Elastic recoil of lung [alveolar
pressure minus pleural pressure)
AA——FElastic recoil of chest wall [pleural pressure

e

A_ Ak rest ii minus pressure at surface of chest]
1. Res=piratory muscles are at rest. .-,:' - X
2. Recoil of lung and chest wall is equal :" i ™ = 7 Fleural pressure [subatmospheric,
=t determined from ezophageal pressure]

but opposite.
3. Pres=zure along tracheobronchial tree | _ e /LA
is atmaspheric. | ‘__*—"““."-\.I-.-eolar ressure (atmospheric
4. There is no airflow * 3 t E !

Elastic recoil
of lung
[inzreased]

Fleural pressure
[zubatmospheric)

Fleural pressure
[inzreasingly
- subatmospheric)

/ ) — Force of 4 d o
R -— d e
t muscular 7
5 conkraction 3 T
e - -3 LN -
| _— +——Alveolar
i\ pressure
\ = N 1 = [greater than
¥ - - o . atmospheric)

Alveolar pressure .
[subatmos=pheric]

M,

B_ During inspiration C_ During expiration
Inspiratory muscles contract and chest Inspiratory muscles relas. Recoil of
expands; alveolar pressure becomes lung causes alveolar pressure to
subatmospheric with respect to pressurs enceed pressure at airway o
at airway opening. Air flows into lungs opening. Air flows out of lungs J_" }Ig?
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Arterial Supply of the Thoracic Cage

sl ukrdan ey
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Lymphatic Drainage of the Thoracic Cage

Right jugular trunk - - — Left jugular trunk
— Left subclavian trunk
Right subclavian trumk —_
Laft bronchomediastinal trunk

Right bronchomediastinal trunk —

F.
Brachiocephalic nodes — [T

Right parasternal ——
Iymiphatic vesse!

—Parasternal nodes

Intercostal nodes

- Diaphragmatic nodes

Diaghragm

Cistarna chyli
Lateral aortic nodes

- Supraclavicular nerves

Xiphoid process —
Costal margin—

— Umbilicus-

@ Elsevier. Drake et al: Gray's Anatomy for Students - wwhw' studentconsult.com
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