
Physiol-11A13 Describe the determinants of work of breathing in an adult 
human at rest. 
 
Background 
 
Work of breathing (WOB) = work done by the body during one respiratory cycle, to 
move the lung and respiratory muscles 
 

€ 

WOB = PdV = areaunderPV curve∫  
SI unit = joule 
During normal quiet breathing, WOB ≈ 3 ~ 5% of total body metabolic rate 
(i.e. O2 consumption for WOB ≈ 3 mL/min) 
 
WOB may be divided into: 

(1) Inspiratory work: 
- usu. active (consumes ATP) 
- work done to overcome elastic and resistive forces 

 
(2) Expiratory work: 

- usu. passive (i.e., uses potential energy stored during inspiration) 
- work done to overcome resistive forces 

 
Determinants 
 

 
(image from frca.co.uk) 
 
Inspiratory elastic work 
Work done to: 

- overcome surface tension of the lung (70%) 
- overcome elastic properties of the lung (30%) 

 
Determinants 
(1) ↓surface tension ! ↓WOB 



- surface tension is reduced by surfactants, which are secreted by type II 
pneumocytes and stored in lamellar bodies 

- e.g. premature infants ! ↓surfactants ! ↑↑WOB 
 
(2) ↓elastic properties of the lung ! ↑WOB 

- e.g. pulmonary fibrosis ! ↑lung stiffness ! ↑elastic resistance ! ↑WOB 
 

Inspiratory and expiratory resistive work 
Work done to: 

- overcome airway resistance 
- overcome viscous resistance (lung rubbing against pleura, diaphragm 

rubbing against abdominal contents) 
 
Determinants 
(1) ↑airway resistance ! ↑WOB 

- airway resistance depends on type of flow and airway calibre 
- turbulent flow (high RR, high flow velocity, branch points) ! greater 

airway resistance than laminar flow 
- for laminar flow, airway resistance related to size via Poiseuille’s 

equation: 

€ 

R =
8ηL
πr4

. 

- ↓lung volume, bronchoconstriction, upper airway obstruction (e.g. tongue, 
sleep apnoea) ! ↓airway calibre ! ↑↑R ! ↑↑WOB 

 
(2) ↑viscous resistance (e.g. empyema) ! ↑WOB 
 
Usually, potential energy stored from inspiratory elastic work is more than sufficient 
to perform expiratory resistive work 
∴ expiration is “passive” and requires no addition energ 
 
However, this may not be true in pathological conditions, e.g. COPD or asthma. 
Expiration becomes an active process and energy requires is added to WOB 
 
Impact of RR on WOB 
 

 
 
↑RR ! ↑resistive work but ↓elastic work ! needs balance 



∴RR is often optimised by body (esp. during pathological states) such that WOB is 
minimised



Examiner’s comments - Passed by 43% of candidates. 
 
This question was best answered with an accurate labelled and annotated pressure-
volume graph. 
 
The main points expected were: 

" Work is the product of pressure x volume and the SI unit is the Joule. 
" Inspiratory work has to overcome elastic and resistance forces. 
" Elastic work consists of deforming elastic tissues and overcoming surface 

tension. 
" Resistance work must overcome airway resistance and viscous forces. 
" Potential energy is acquired during inspiration and stored elastically to provide 

energy for passive expiration. 
" The components of work of breathing are best illustrated on a pressure-volume 

diagram. 
 
Additional points: 

" The percentage contributions of the components to work of breathing. 
" The oxygen cost and efficiency of work of breathing. 

 
Common errors included mislabelling axes and writing detailed descriptions of 
compliance, airway resistance and pathophysiological conditions. 
 
 
 
 


