Mechanics II—Dynamics
I. Basic Principles

a. Dynamics—concerned w/ bulk airflow occurring predominantly in conducting zone

b. Since cross-sectional area of conducting zone is much less than respiratory zone, airflow velocity & resistance ↑

c. Must have pressure gradient for flow to take place: P1-P2 = Q*R = flow*resist.
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II. Respiratory Muscles

a. Inspiratory—contraction => outward movement of chest wall & (-) pressure inside lungs => air flows in

i. Normal Pinsp = -100 cmH2O

ii. Diaphragm—major inspiratory mm.

iii. Intercostals & accessory mm also help under stress

b. Expiratory—normally passive, only use mm. to expel things (cough) & when in extreme states (aggressive exercise)
i. Max exp. Pressure > +100cm H2O

ii. Max flow limited more by lung factors than by mm. strength

iii. Abdominal mm—major expiratory mm

III. Quiet breathing

a. Always begins & ends at FRC

b. Defined as active mm contraction causing inspiration & passive exhalation

c. Process

i. From FRC, contraction of diaphragm => outward movement of CW

ii. Ppl↓ => PA↓ (<0) & air flows into lungs

iii. Lung volume increases

iv. Inspiratory mm relax => net recoil force

v. PA > 0 => expiration

vi. Continues until FRC

d. Ventilation below FRC requires active contraction of expiratory mm. to ↑PA >0

IV. Airway Resistance
a. Airways = tubes in series => resistance falls w/ successive branching b/c ↑

b. Change

i. Active—smooth mm. contraction

ii. Passive—↑ lung volume => ↑ radius of airways & ↓resistance

c. Relationship between airway conductance & lung volume is linear

V. Forced Expiration

a. Used to asses mechanics & dynamics of airflow

b. Spirometry—inhale to TLC then forcibly exhale to RV

i. VC—total exhaled volume (vital capacity)

ii. FEV1—volume of air exhaled in 1st second

iii. FVC—forced vital capacity

iv. FEV1/FVC: key ratio, usually 75-80% for normal individuals

c. Flow-Volume Curve

i. Slope of spirogram (volume/time) gives flow

ii. See max flow at TLC

iii. Outer envelope—represents max flow at any lung volume (regardless of effort or force)

1. effort-dependant at high lung volumes

2. effort-independent at low lung volumes

d. Flow limitation

i. Flow limitation—inability to increase flow despite increased pressure 

ii. Mechanism—causes a change in Pdown by causing airways to collapse at a specific location where transmural pressure, Ptm’, (in – out) falls below certain level

iii. Normally, airways have Ptm’ < 0 & can resist collapse

· If Ptm’ > 0, the airways collapse readily (pathologic—inflammation & increased bronchomotor tone)

· Ptm’ ↑ => airways close, then it ↓ b/c pressure builds up inside so airways open => FLUTTERING

e. Max Expiratory Flow

i. Not dependent on effort (Ppl)

ii. 
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 where PL = lung elastic recoil, R = downstream resist.

iii. Explains why max expiratory flow decreases w/ lung volume

VI. Pathology

a. Obstructive Ventilatory Defect

i. Defined as reduction in FEV1/FVC

ii. Emphysema—decrease in PL
iii. Asthma—increase in Ptm’
iv. Chronic Bronchitis—increase in R (airway resistance)

b. Restrictive Lung Diseases

i. Characterized by reduction in TCL (b/c VC usually falls w/ it)

ii. Usually small stiff lungs: pulmonary fibrosis, scleroderma, interstitial pheumonitis, etc
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