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Figure 1. Photograph of a 
computerized bell spirometer, with 
a subject connected to the 
instrument and performing tidal 
volume breathing. 

The lungs are a complex organ, but routinely we 
model them using a simplistic representation as 
two large bags that fill with air during inhalation, 
and expel air during exhalation.  Most of us have 
been shown balloon examples for modeling the 
mechanics of lung function.  These experiences are 
logical, but the morphology and function of the 
lungs are far more complex that a mere 
representation as bags of air.  For example, lung 
inflation involves the relatively even expansion of 

millions of alveoli distributed throughout specific regions of the lung.  At different depths 
of inspiration, less or more alveoli become involved in inflation and external respiration.  
At these different depths of breathing, there also has to be connected vascular 
regulation to ensure that sufficient blood flow is provided to the alveoli to ensure 
effective gas exchange.  After-all, what is the point of alveoli inflation is there is not 
blood flow around these alveoli?  Anyway, the main point I am getting to here is that real 
physiology is almost always more complex than how it is modeled.  In this regard, the 
measure of lung static and dynamic capacities should be interpreted base on the 
realities of this “real” physiology and not a simplified expanding bag or balloon model. 

 
A spirometer (Figure 1) is an instrument used to 
measure the volume displacement that occurs 
during breathing.  While there are many 
configuration options available for today’s 
commercial spirometers, the basic essential 
features of a spirometer consist of a mouthpiece, 
nose clip and low resistance tubing that connect 
the subject to an air tight and enclosed apparatus 
(Figure 1).  The apparatus of the spirometer 
consists of tubing that directs air from the subject 
into a vertically mounted floating bell.  The rise and 
fall of the floating bell is transferred mechanically 
to calibrated paper attached to a rotating drum, or 
integrated electronically to a computer and 
software for computation and display.  Note that 
improvements in electronics have allowed the 
replacement of the spirometer and bell apparatus 
with a flow turbine, as shown in Figure 2. 
 
Table 1 provides a list and description of lung 
volumes and capacities that can and cannot be 
measured by spirometry.  Table 2 provides normal 
values for men and women for all measures of 
Table 1. 
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Table 1. Typical  lung volumes and capacities measured from spirometry. 

Measurement Abbreviation Description 
Can be measured from spirometry 
Tidal volume  VT Volume of air inhaled and exhaled each 

breath 
Inspiratory reserve 
volume 

IRV Maximum volume of air that can be 
inhaled after a normal resting end tidal 
inspiration 

Expiratory reserve 
volume 

ERV Maximum volume of air that can be 
exhaled after a normal resting end tidal 
expiration 

Inspiratory capacity IC Sum of IRV + VT 
Expiratory capacity EC Sum of ERV + VT 
Vital capacity VC Maximum volume or air exhaled after 

reaching IC = IC + ERV  
Forced vital capacity FVC Same as for VC, but with forced rapid 

exhalation 
Forced expiratory 
volume in 1 s 

FEV1 Maximum volume of air that can be 
expired in 1 s when starting at IC 

Maximal voluntary 
ventilation 

MVV Maximum rate of ventilation that can be 
attained with voluntary effort 

Cannot be measured from spirometry 
Residual volume RV Volume of air remaining in the lungs at 

ERV. 
Functional residual 
capacity 

FRC Sum of RV + ERV 

Total lung capacity TLC Sum of VT + IRV + ERV + RV 

 
Table 2. Standard values for select lung volumes and capacities. 

Measurement Abbreviation Males Females 
Tidal volume (L) VT 0.4 - 0.5 0.3 - 0.5 
Inspiratory reserve volume (L) IRV 3.0 - 4.0 1.5 - 2.0 
Expiratory reserve volume (L) ERV 1.2 - 2.2 0.75 - 1.5 
Inspiratory capacity IC 3.4 - 4.5 1.8 - 2.5 
Expiratory capacity EC 1.6 - 2.7 1.1 - 2.0 
Vital capacity (L) VC* 4.5 - 7.0 2.5 - 4.0 
Forced vital capacity (L) FVC* 4.5 - 7.0 2.5 - 4.0 
Forced expiratory volume in 1 s (%) FEV1* 80 - 90 80 - 90 
Residual volume (L) RV* 1.2 - 2.1 1.0 - 1.5 
Functional residual capacity (L) FRC* 2.5 - 4.5 1.75 - 3.0 
Total lung capacity (L) TLC* 5.0 - 7.0 4.5 - 5.5 
Maximal voluntary ventilation (L/min) MVV* 150 - 200 100 - 150 
*Highly dependent on body size and age 

 
Spirometry is typically, but not always, a closed circuit system.  By closed circuit, it is 
meant that once the subject is connected to the spirometer, the subject re-breaths the 
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Figure 2. An electronic flow turbine 
that can now be used to obtain real 
time data for air flow and volumes. 

air in the system.  This means that carbon dioxide 
must be removed, and is done so by chemicals 
(soda lime) placed inside the bell structure.  In 
addition, oxygen must be added, and is done so by 
connecting a source of pure oxygen to the closed 
system at a rate equal to VO2.  This rate is known 
when the rate of added oxygen flow maintains a 
steady (level) tidal volume oscillation.  Thanks to 
improved electronic technology, spirometry can 
also be performed via open circuit methods, where 
the subject breaths room air and exhales back into 
room air through either of a heated pneumotach or 
turbine device.  The obvious benefit to this is that 
there is no need to remove carbon dioxide or add 
oxygen to a closed re-breathed volume of air. 
 
For the three measurements not able to be completed using spirometry (Table 1), only 1 
needs to be measured to compute the remaining two.  This measure is the residual 
volume, and can be measured using the method of helium dilution.  Another 
technique for the measurement of residual volume is nitrogen washout.  I will explain 
both methods in detail as residual volume is also a measurement crucial to the 
underwater weighing method of body composition, which will be presented in the 
section on Body Composition. 
 
Helium Dilution Method For Measuring Residual Volume 
The helium dilution method can be added to most modern spirometers, as it only 
requires the ability to add helium to the closed circuit volume of the spirometer.  
Basically, once helium is added to a spirometer, a fan circulates the air and helium until 
a constant helium concentration is measured.  As the total volume of the air space 
within the spirometer for any bell position is known (constant volume + bell displaced 
volume), the addition of a new gas volume to which the helium dilutes within allows the 
computation of the new total volume, as shown in Equation 1.  In this application, the 
added volume is a subject’s lungs when at normal end tidal volume, leaving the ERV 
and RV of the lung to be the added volume that the helium must now dilute within. 
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Once the second (system + subject) volume is computed, the subject’s FRC is 
calculated as the difference between V1 and V2.  The subject’s RV is then calculated by 
subtracting the previously measured, or next measured ERV, as shown in Equations 2 
and 3. 
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Nitrogen Washout Method For Measuring Residual Volume 
Residual volume can also be measured accurately, and much more quickly than via the 
helium dilution method, using a multiple breath re-breathing of pure oxygen called the 
nitrogen washout technique.  Basically, re-breathing pure oxygen after a normal tidal 
exhalation causes a rapid equilibration of lung nitrogen within the functional residual 
capacity (=residual volume + expiratory reserve volume).  The expiratory reserve 
volume is solved by standard spirometry, allowing calculation of residual volume. 
 

Glossary Words 
 
spirometer is an instrument used to measure the volume displacement that occurs 
during breathing. 
 
mouthpiece is a small piece of equipment, similar to the mouth component of a 
snorkel, used to allow the connection of air control devices to a subject. 
 
nose clip is needed to block nasal ventilation to ensure control of air flow in and/or from 
a subject. 
 
closed-circuit refers to a fixed volume of air that a subject re-breathes, such as during 
traditional spirometry. 
 
rebreaths refers to the inhalation and exhalation from and to a fixed volume or air. 
 
residual volume is the volume of air remaining in the lungs after a complete and 
maximal exhalation. 
 
helium dilution refers to the method of residual volume measurement based on the 
inhalation of an air sample from a closed air volume that contains a known amount of 
helium 
 
nitrogen washout refers to a method of residual volume measurement where the 
subject rapidly completes several deep inspiration and expiration maneuvers from a 3-5 
L re-breathing bag containing pure oxygen. 
 

 
 


