Muscles of Respiration
Upper ribs move with a “pump-handle” motion about the vertebrae.  This elevates the manubrium 
and rotates it outward to open the chest.
Middle ribs move with a “bucket-handle” motion that expands the rib cage laterally.
The 11th and 12th ribs move with a “caliper” motion.
(Raymond removed images of caliper motion and the zone of apposition.)

The diaphragm muscle inserts vertically into a horizontal membranous tendon.  Because of its 
large zone of apposition with the chest wall, the diaphragm depresses like a piston, with 
little change in curvature until high lung volumes are achieved.  This lowers pleural 
pressure, expands lower ribs, and sucks inward on upper ribs.

The crural diaphragm, which depresses the posterior section and doesn’t affect the ribs, is 
innervated by C4-5.  The costal diaphragm is innervated by C3-4.
Internal intercostal muscles are expiratory.  External intercostal muscles are inspiratory!  
However, what type of action they have really depends on what other muscles are doing 
to stabilize parts of the rib cage. 

During inspiration, the scalene muscles and external intercostals contract.  Both sets of 
muscles are therefore considered “primary,” and not “accessory,” muscles of respiration.
This differential mechanical action of the intercostal muscles does not depend on the orientation 
of muscle fibers, but on whether the rib cage is fixed by other muscles!
Skeletal Muscle Physiology
Length-Tension Relationship.  Optimal muscle length corresponds to normal FRC.  Hyperinflation, as during asthma, stretches muscles past their optimal operating range, as well as 
pushing down the diaphragm and giving the piston-action less distance to travel.  The 
chest wall also gets stretched outward and loses outward recoil.
Type I fibers are highly oxidative and slow to fatigue.
Type IIa fibers are oxidative and relatively resistant to fatigue.

Type IIb fibers are glycolytic and fatigue rapidly.

A normal diaphragm is 50% Type I and 25% Type IIa fibers.

(Raymond removed graph of tension vs. length.)
Maximal inspiratory pressure (MIP) is measured at FRC and should be >-100 mcm H20.
Maximal expiratory pressure (MEP) is measured similarly.  Low MEP suggests muscle weakness.
Respiratory Muscle Failure
One general rule is that lung failure is manifested as hypoxia, but respiratory muscle failure is 
manifested as hypoxia with hypercarbia.
1.  COPD is characterized by the need to generate very high pressures to exhale.  This is due to hyperinflation, which decreases muscle capacity and increases demand:

--the chest wall is closer to its relaxation volume, so there is less recoil to aid inspiration, 


and muscles have to work harder.

--each breath ends above normal FRC, so inspirations begin at alveolar pressures above 


ambient pressure.  This is called “intrinsic positive end-expiratory pressure 


(PEEP)” and means patients must contract inspiratory muscles isometrically to 


bring alveolar pressure down before they can begin to inhale.

--the lung in COPD requires lots of pleural pressure to inhale a given volume.

In addition to hyperinflation, the respiratory muscle capacity is often reduced by malnutrition, 
cytokines, and myopathy due to the hard work of breathing.
Despite this, COPD patients have better than normal inspiratory muscle strength at high lung 
volumes due to diaphragm remodeling.
2.  Critical illness/shock also increases demand while decreasing capacity.  In shock, the 
respiratory muscles fail very quickly both from hypoperfusion (decreased capacity) and 
from metabolic acidosis (increased demand to blow off CO2).  Patients who recover from 
shock may suffer from critical illness polyneuropathy/myopathy, both of which are 
characterized by weakness, ventilatory dependence, and loss of tendon reflexes.  
 3.  Neuromuscular disorders that cause respiratory failure include kyphoscoliosis, obesity, 
cardiac surgery (severed phrenic nerve), trauma to spinal cord or thorax, stroke, Herpes 
Zoster, Guillain-Barre, ALS, MS, Polio, myasthenia gravis.
Unilateral diaphragm paralysis occurs from stroke, trauma, Herpes Zoster involving the phrenic 
nerve, or transiently after open-heart surgery.  Abdominal paradox is absent, but 
unilateral diaphragm paralysis can be diagnosed with the “sniff test.”  The patient sniffs, 
and the normal half descends but the paralyzed half paradoxically rises.

Bilateral diaphragm paralysis will have a VC that is only 50% of normal.  That goes down to 
25% when they lay down.  Abdominal paradox is present, and patients cannot tolerate 
being supine.
The purely neuromuscular disorders (G-B, ALS, MS, etc) will have normal FRC and RV.
CO2 retention occurs late in disease, when inspiratory muscle strength falls to 75% of normal.  Chronic hypercarbia is associated with obesity.

Lower spinal injuries paralyze the intercostals and expiratory muscles, but not the diaphragm.  
Therefore, MIP is relatively intact.  However, they can’t cough or exhale strongly, so 
they are at high risk for pneumonia.  

Upper spinal injuries paralyze all the muscles, and these patients require a ventilator.
Treatment of Respiratory Muscle Failure
Muscle training, such as breathing through a resistor to improve strength, and voluntarily 
hyperventilating to improve endurance.

For severe emphysema it is possible to surgically remove lots of the diseased tissue in order to 
reduce lung volume and hyperinflation.

If hypercarbia is persistent, mechanical ventilation is required.

(Raymond removed images of VT, RC, and ABD in normal, asynchronous, and paradoxical breathing.)
