Mechanics I—Static Lung Mechanics
I. Properties of Elastic Structures

a. Terms

i. Static Mechanics—relationship between pressure & volume in lung

ii. Dynamic Mechanics—relationship between pressure & flow in lung

b. Elastic Structures

i. Volume is proportional to pressure

1. Transmural pressure—difference in pressure across the wall of the lung = internal surface pressure – external surface pressure = distending P

2. ↑ V => ↑ Tm
3. PTm = Pin – Pout

ii. Elastic Recoil Pressure—the equal & opposite tendency of a structure which resists the transmural pressure

iii. Transmural Pressure-Volume Curve—graphs relationship between volume (y) & transmural pressure (x)

1. compliance—slope of P-V curve; compliance = ΔV/ΔP

a. high compliance = easily distensible

b. low compliance = stiff / non-distensible

2. elastance—opposite of compliance; elastance = ΔP/ΔV 

iv. Terms

1. unstressed volume = Vo = volume when PTm = 0

2. Limiting Volume = Elastic limit = max volume; ↑ P ≠ ↑ Volume

3. Elastic instability—when elastic structure either ruptures or collapses at high/ low PTm’s

v. Soap Bubble—has constant tension in its wall => PTm falls as Volume ↑

II. Calculating PTm in Respiratory System

a. PALV = alveolar pressure

b. PPL = pulmonary pressure

c. PL = transpulmonary pressure = PALV - PPL
d. PBS = body surface pressure (can be considered 0 b/c us. = atmospheric P) 

e. PCW = pressure of chest wall = PPL – PBS
f. PRS = Pressure of respiratory system = PALV - PBS
III. Pressure-Volume Curve of Lung
a. Compliance of normal lung = 200 ml/ cm H2O
i. => need 2.5 cm H2O of pleural pressure to overcome elastic recoil of lungs during tidal volume breath

ii. => need 30 cm H2O of PPL to achieve TLC (further increases => rupture)

b. Normal Values

i. Unstressed lung volume ~= residual volume

ii. Unstressed chest wall volume ~= 2/3 TLC (large)

iii. At low volumes, chest wall => stiff b/c diaphragm reaches elastic limit
* negative pleural pressure => relaxed chest wall gets smaller
* mm. activation => negative pl. pressure => thorax enlarges

iv. At high volumes, lung becomes stiff  b/c elastic recoil increases
c. Pressure-Volume curve of Lung

i. PTm-V Curve of respiratory system is Σ PTM-V for chest wall & lung

ii. Can add chest wall & lung compliances as if they’re in parallel

iii. 
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iv. At FRC, PCW = Pmouth = PBS 
IV. Determinants of Lung Volumes

a. TLC—determined by total respiratory system P-V relationship & max negative pressure (TLC determined by strength of respiratory mm. & P-V relationship)

i. Max pressure generated is greater at small volumes than at large ones

ii. Reduced TLC (restrictive lung disease) => from ↑ stiffness OR ↓ mm. strength

b. FRC—volume achieved when both PALV & PBS are equal to atmospheric P (FRC determined by balance of elastic recoil of lungs (inward) & chest wall (out))

i. FRC decreases when compliance ↓, (Interstitial Fibrosis or Pneumonia)

ii. FRC increases when compliance ↑, (Emphysema) 

c. RV—amount of air left in lungs at end of maximal expiration (RV determined by balance between elastic recoil of lungs & critical closing P of airways) 
i. In adults, occurs when sm. airways close off

ii. If elastic recoil of lungs ↓ or get mm. weakness, have ↑ RV (Emphysema, spinal cord injury)  
iii. ↑ tendency of airways to close also ↑ RV (asthma)
d. Pneumothorax—lung collapses & CW expands b/c pressure difference between them is eliminated

V. Surface Tension

a. At air-fluid interface, liquid has tendency to contract (eg droplets of H2O)

b. Surfactant—substance (soap or detergent) which can decrease surface tension

i. Soap bubbles have constant surface tension => as V↑, P↓ & T↓ OPPOSITE ELASTIC STRUCTURES!!!!!!!!!!!

1. larger radius => lower distending pressure

2. small, higher pressure bubbles tend to pop/empty into larger bubbles—unstable foam

3. alveoli—can behave like unstable foam if surfactant isn’t present b/c surface tension occurring at air-liquid interface tends to make the lung unstable by causing smaller alveoli to empty into larger alveoli.

ii. Lung surfactant

1. made of phospholipids, & associated proteins (apoproteins A-D)

2. Type II alveolar epithelial cells manufacture & secrete it

3. reduces surface tension MORE at small volumes than at large ones

iii. Respiratory distress syndrome (RDS)—surfactant deficiency => respiratory failure in premature infants

VI. Effect of Gravity on the Lung

a. Gravity tends to cause pleural pressure (PPL) at bottom of lung to be higher than at top

i. 0.25cm H2O greater for each cm height => PPL at top is 7.5 cm < bottom

ii. upper alveoli are more distended => inflate less w/ each breath => better ventilation at bottom than at top of lung

b. Gravity also causes blood to flow more at the bottom than at the top of the lung
c. See ventilation-perfusion matching in lung, but isn’t perfect 

i. Ventilation/ Perfusion ratio > at top than at bottom
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