Muscles involved
In respiration
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https://docs.google.com/presentation/d/16JogOj7G5yTa9YH5t98ACvEA2yqEZsiLbin7maoDdjI

Objectives

Describe the components of the thoracic cage and their articulations.
Describe in brief the respiratory movements.

List the muscles involved in inspiration and in expiration.

Describe the attachments of each muscle to the thoracic cage and its
nerve supply.

e Describe the origin, insertion, nerve supply of diaphragm.

Textin was found only in the boys’ slides
Textin was found only in the girls’slides
Textin RED is considered important



Thoracic Cage 4

Superior thoracic aperture
Vertebral column

- Conical in shape.
it has 2 apertures ( openings ): !
- 1- superior: (thoracic outlet): narrow, open, continuous

Right pleural cavity Left pleural cavity

Rib 1
Manubrium of sternum

Sternal angle

with neck.
2- inferior: wide, closed by diaphragm.

Body of sternum

formed of :

A- Anteriorly: Sternum and costal cartilages.
B- Laterally: Twelve pairs of ribs.

C- Posteriorly: Twelve thoracic vertebrae.

Ribs

Xiphoid process




The articulations related to the thoracic cage

1- Costochondral lisan
articulation between the ribs and the costal cartilages.

2- Sternocostal (1st cartilage with manubrium by primary
cartilaginous joint // 2nd to 7th cartilages
with sternum by plane synovial joint ) is an articulation
between the cartilage of true ribs and the sternum.

3- costovertebral :is an articulation
between the thoracic vertebrae and the heads of the ribs.

4- Interchondral : between the 8,9,
and 10 costal cartilages, and they all formed what is called
costal margin

mm) Costovertebral joints
(synovial)

Costal

cartilage Costochondral joint

(synchondrosis)

Stemum
=) Stemocostal joint
(synovial)



Thoracic cage

Respiratory movements

Ribs movement video

A-MOVEMENTS OF DIAPHRAGM

Inspiration:

Contractions (descend) of diaphragm s Increase of vertical diameter
of thoracic cavity

Expiration:
Relaxation (ascend) of diaphragm

Inspiration Expiration

Thoracic cavity

Thoracic cavity
expands

reduces

External intercostal -
muscles relax

External intercostal
muscles contract

Diaphragm

e e Ty

Diaphragm J
contracts

Diaphragm
relaxes

¢ B- MOVEMENTS OF RIBS (In Normal inspiration)

1- PUMP HANDLE MOVEMENT:

Elevation of ribs ===} Increase in antero-posterior diameter of thoracic
cavity

© Elsevier. Drake et al: Gray's Anatomy for Students - www.studentconsult.com

2- BUCKET HANDLE MOVEMENT:

Elevation of ribs ====) Increase in lateral (transverse) diameter of thoracic
cavity

2
)
—/ }
Elavation of lateral
shaft of rib

© Elsevier. Drake et al: Gray's Anatomy for Students - www.studentconsult.com



https://youtu.be/Y_5tkl_askY

Inspiratory Musce 7 ;

Accessory muscle

(only during forced inspiration)
Note: their main function isn't inspiration

Muscle used in rest and forced inspiration

Note:

Why are the
accessory muscles
listed in anatomy
different from the
ones in physiology?
Because they are
BOTH correct.
Grey’s Anatomy:
“Any muscles
attaching to the ribs
can potentially
move one rib

Diaphragm : Rib elevators: Muscles attaching Muscles attaching relative to another
most important external cervical vertebrae thoracic cage to and therefore act as
muscle in intercostal to first & second upper Iimbf accessory
inspiration muscles rib: scalene pectoralis major respiratory
muscles muscles.”
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e A musculotendinous partition between thoracic & abdominal cavity
e Convextoward thoracic & concave toward abdominal cavity :
e Fibers converge to join the central tendon

Diaphragm

Nerve supply: phrenic nerve (C3,4,5), penetrates diaphragm & innervates it from abdominal

e e ettt

surface
origin attachment insertion action
Diaphragm ° costal: lower 6 costal ° sternum central tendon (Lies at contraction (descent) of diaphragm
cartilages e  costal cartilages the level increase the vertical diameter of
e  vertebral: upper 3 lumbar e 12thrib of xiphisternal joint, at thoracic cavity (essential for normal
vertebrae ( right and left ° lumbar vertebrae | 9th thoracic vertebra) breathing)

crus + arcuate ligament)
e  sternal: xiphoid process
of sternum

10theib

ol Lateral arcuate ligamenit &
r: uate ligament Right
erus

= ¥ 1 11, tranverse process ’ 3
A Anteriorview.  Median arcuate ligament




Vertebral origin of diaphragm

- formed of 2 crura:

%  Right crus: larger than the left crus, and attached to the upper 3

lumbar vertebrae.

< it form the physiological sphincter of the stomach. 1

%  Left crus: smaller than the right crus, and attached to the upper 2
lumbar vertebrae.

- they (right and left crura) are supplemented by 5 arcuate ligaments

Left crus
\ 15t 2 lumbar

O Arcuate ligaments: " Right crus
€ median arcuate ligament: connecting both crura, and | 1¥3lumbar
forming the anterior boundary of the aortic opening.
€ 2 medial arcuate ligaments: from each crus to the
transverse process of L1
€ 2lateral arcuate ligaments: from the transverse process of |
L1 to the last 3 transverse process on each side (L3-L4-L5).




Openings of diaphragm

'3 openings:

1) Vena caval opening: left side of the diaphragm, 0.5
inches from the median line, at T8.

2) Oesophageal opening (esophagus): right side of
diaphragm, 0,5 inches from the median line, at T10.

3) Aortic opening: at the middle of diaphragm, at T12.

' mnemonic to remember them:
Voice of Arab (from left to right)

Diaphragm
Plate 195 Abdominal Surface Hiatuses
Caval Esonh |
- : sophagea
Clean/Identify Opening T8 Hiatus T10
the following
openings in the
diaphragm:
T8
T10
T12

The Aortic Hiatusis
formed by the
Crura and the

Median Arcuate
Ligament



Inspiratory muscles

€
e 11 muscles.
e  Attachments: from lower border of rib
above to up er border of rib below.
e  [irection of fibers: dnwnward b
medially ( and forward).
AT T—— e  Nerve supply: mtercostal nerves
onamost aconal s e e (T1-T11), subcostal nerve (T12).
PRy e Action: rib elevators (inspiratory).
Accessory muscles | Origin Insertion Action
in forced Inspiration:
PECTORALIS MAJOR Sternum + Bicipital Increases anteroposterior
costal P f diameter of thoracic cavity,
cartilages. | 5y ooue O when arm is fixed
Humerus. (inspiratory).
SCALENE MUSCLES | Cervical 15t (anterior Elevates 15t & 2" ribs
vertebrae. TR

and medius) &
2"d (posterior)

(inspiratory), main action is
lateral flexion of the neck.

Pectoralis minor
Medial pectoral nerva
Lateral thoracic artery

Clavipectoral fascia

“._+5- Scalenus anterior
' 6. Scalenus medius
. Scalenus posterior

Cervical
vertebrae

B Scalene muscles, anterior view.




Expiratory Muscles

in quiet/normal expiration there is no need for muscles (passive) , However
ONLY in forced expiration (exercising,running,etc.. ) these muscles is needed and will be Active.

Expiratory Muscles is divided into:-

v

A-Rib Depressors:

Function: (depress/bring down the ribs)
Nerve supply: Intercostal nerves (ventral
rami of T1-T11)

1-internal intercostal

2-innermost intercostal

3-subcostals

4-transversus thoracis (or sterno costalis)

v

B- Anterior abdominal wall muscles:

Function:(Compression of abdominal viscera to
help in ascent diaphragm)

1-external oblique

2-internal oblique

3-transversus abdominis

4-rectus abdominis



Rib Depressors (the rest of intercostal muscles):

1-internal intercostal
2-innermost intercostal
(Direction:Upward and Medially)

e Lies between these two muscles the intercostal vessels and
nerves inaspace called the intercostal space behind internal
intercostal muscle.

External intercostal muscle  Intercostal nerve - (o

nternal intercostal muscle

N Ly Y
Innermost TA muscle W
Collateral branches

Intercostal vessles&nerve lie in
intercostal space behind the internal
intercostal muscle.




Rib Depressors (the rest of intercostal muscles):

3- Subcostal muscle 4-transversus thoracis

B —
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Transversus thoracis muscile

—
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“note,the intercostal muscles are 5:- (with same nerve supply, intercostal nerves)
1-External intercostal (Rib elevator-inspiratory)
2-internal intercostal , 3-innermost intercostal ,4-subcostalis ,5-transversus thoracis (rib depressors-expiratory)




is made of 4 muscles 3 are Layers
and 1 is normal muscle (not layer)

Anterior Abdominal wal| ==

2-Internal Oblique (middle layer)
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Direction: Upward and Medially

Umbilicus
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4‘RE[tUS abdommiS: (forms the six-packs)

3-Transversus abdominis

(inner layer) - 8 o | |
y 5 |l = | Direction: vertical

Direction: Transverse
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rectus e = e
EXUa abdominis ;/ /
" a way to remember directions of muscles : _ / /4
-oblique means inclined (J3s) 50 any external oblique I/
muscle have oblique in it means its direction is NOT straight (direction of external internal oblique J !
obligue+internal obligue is not straight) o \\M |
-Rectus means straight so if rectus in the muscle name that mean IT 1S straight transversus abdominis \

(direction of rectus abdominis=vertical)
-(lirection of transversus abdominis = transverse

1-linea alba™(white line in latin): fused aponeurosis (NOT tendinous) of 6
muscles from xiphoid process to pubic symphysis

2-Rectus abdominis:(LOCATED BETWEEN- 4 internal and 5 transversus)
3-External Oblique

4-Internal Oblique

5-Transversus abdominis




Anterior Abdominal wall

Is formed of 3 layers of muscles of fibers running in different directions

The 3 muscles form a sheath in which a fourth muscles lies(Rectus abdominis).
Muscles are attached to: sternum, costal cartilages and ribs + hip bones

The aponeurosis of the 3 muscles on both sides fuse in the Midline to form Linea alba.
Action (during forced expiration): Compression of abdominal viscera to help in ascent
of diaphragm (during forced expiration).

Nerve supply: lower 5 intercostal nerves (T7 - T11), subcostal nerve (T12) and first

lumbar nerve (L1).



summary of Respiratory Movement

Contraction(Descent)
of diaphragm

In vertical
diameter

Inspiration

Quite Forced

Elevation of ribs
(External intercostal)

Accessory muscles of
inspiration:
In: 1. Pectoralis major

-ANLEToposterior o Sealene muscles
diameter.

-Lateral diameter

Quite

1. Elastic recoil of lung
2. Relaxation of diaphragm & external
intercostal

Expiration

Forced

Contraction of anterior ~ Depression of ribs

Abdominal wall muscle  (Rest of intercostal
muscles)

Compression of abdominal
viscera

Ascent of diaphragm



Thoracic wall :

posteriorly, it is made up of twelve thoracic vertebrae and their
intervening intervertebral discs;

m laterally, the wall is formed by ribs (twelve on each side) and
three layers of flat muscles, which span the intercostal spaces
between adjacent ribs, move the ribs and provide support for
the intercostal spaces;

m anteriorly, the wall is made up of the sternum, which
consists of the manubrium of sternum, body of sternum, and
xiphoid process.

Superior thoracic aperture
Vertebral column

Mediastinum

Right pleural cavity Left pleural cavity

Manubrium of steri

Sternal angle

Body of sternu

Intercostalnerves

External
intercostal
muscles

Resting & forced

summary

R
,

Lower intercostal nerves, subcostal
nerve, and first lumbar nerve

Intercostal nerves

C Forced."(Acceesory Musoles))

Rib depressors " -.{ Anterior abdominal
* wall muscles

Diaphragm

su)
fior 10/t and IV disc between them

Pectoralis Major

-, - s %

Internal intercostal |

H Subcostals E :
Innermost intercostal — k>
Transversus abdominis ) External oblique
Rectus abdominis

Ribs

Xiphoid process

Costotransyerss Tubsrcls of fib with transverse Costotransvarss; 11th and 128 ribs do ot artic-
procaes of vertebea of sama lataral il ulat with [
number of vertebrae

Costochondral Primary (hyakne) Lateral and of costal cantifage rtilage and b L urs:

cartilaginous joint with stemal and of it beund togather by at this joint; costal

pericsteum cantilage provides flaxibility

Stemnocostal st primany Arscutation of 18t costal cartlagos

cartilaginous joant with manubrium of stemum

(synchondrosis]

2nd-Tih: synavial Arsouation of the Znd—Ta pairs | Anterior Anticular

Joirt i il ot A articular

intra-aeticular

Inferior thoracic aperture




summary

Table 41 Abdominal wall muscles
Muscle Origin Insertion Innervation Function
External Muscular slips from the outer Lateral lip of iliac crest; Anterior rami of lower six ~ Compress abdominal contents;
oblique surfaces of the lower eight ribs aponeurosis ending in thoracic spinal nerves both muscles flex trunk; each
(ribs V to XII) midline raphe (linea alba) (T7to T12) muscle bends trunk to same
side, turning anterior part of
abdomen to opposite side
Internal Thoracolumbar fascia; iliac crest Inferior border of the Anterior rami of lower six ~Compress abdominal contents;
oblique between origins of external and lower three or four ribs; thoracic spinal nerves both muscles flex trunk; each
transversus; lateral two-thirds of aponeurosis ending in (T7 to T12) and L1 muscle bends trunk and turns
inguinal ligament linea alba; pubic crest and anterior part of abdomen to
pectineal line same side
Transversus Thoracolumbar fascia; medial lip Aponeurosis ending in Anterior rami of lower six ~ Compress abdominal contents
abdominis of iliac crest; lateral one-third of linea alba; pubic crest and thoracic spinal nerves
inguinal ligament; costal cartilages pectineal line (T7 to T12) and L1
lower six ribs (ribs VIl to XlI)
Rectus Pubic crest, pubic tubercle, and Costal cartilages of ribs V Anterior rami of lower Compress abdominal contents;
abdominis pubic symphysis to VII; xiphoid process seven thoracic spinal flex vertebral column; tense
nerves (T7 to T12) abdominal wall
Pyramidalis Front of pubis and pubic Into linea alba Anterior ramus of T12 Tenses the linea alba

symphysis



summary

Table 3.2 Muscles of the thoracic wall

Muscle Superior attachment Inferior attachment Innervation Function
External Inferior margin of rib above Superior margin of rib below Intercostal Most active during
intercostal nerves; T1-T11 inspiration; supports

intercostal space; moves
ribs superiorly

Internal Lateral edge of costal groove of rib above  Superior margin of rib below Intercostal Most active during
intercostal deep to the attachment of the nerves; T1-T11 expiration; supports
related external intercostal intercostal space; moves
ribs inferiorly
Innermost Medial edge of costal groove of rib above  Internal aspect of superior Intercostal Acts with internal
intercostal margin of rib below nerves; T1-T11 intercostal muscles
Subcostales Internal surface (near angle) of lower ribs Internal surface of second or Related May depress ribs
third rib below intercostal nerves
Transversus Inferior margins and internal surfaces of Inferior aspect of deep surface of  Related Depresses costal
thoracis costal cartilages of second to sixth ribs body of sternum, xiphoid intercostal nerves  cartilages

process and costal cartilages ribs
IV=VII



Questions ( MCOs ).

1- the joint between the 1st cartilage and the manubrium is:
A- primary cartilaginous B- secondary cartilaginous C- plane synovial joint D- none of these.

2- which of these statements is true:

A- the superior aperture of the thoracic cage is narrow, closed and continuous with neck
B- the inferior aperture of the thoracic cage is wide and unclosed by the diaphragm

C- the thoracic cage is pyramidal in shape

D- the thoracic cage is formed of costal cartilages anteriorly.

3-What is the respiratory function of Anterior abdominal wall muscles ?
A-Rib elevator

B-Rib Depressor

C-Compression of abdominal viscera to help in ascent diaphragm
D-Compression of abdominal viscera to help in descent diaphragm

4-How many Intercostal Muscle does the regular human have?
A-2 B-3 C-4 D-5
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