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Impulse oscillometry

Abstract
Pulmonary function testing involves a battery of tests from the simple pulse oximetry to the cardiopulmonary exercise testing. Im-
pulse oscillometry (IOS) is one of the newly described pulmonary function tests. It is based on the old principle of forced oscillatory 
technique modified and refined as per research and advances. It involves the use of sound waves during normal tidal breathing, 
which gives information on oscillatory pressure-flow relationships and eventually resistance and reactance. The resistance at 20 Hz  
(R20) represents the resistance of the large airways. The resistance at 5 Hz (R5) means the total airway resistance. (R5–R20) 
reflects resistance in the small airways. The reactance at 5 Hz (X5) indicates the elastic recoil of the peripheral airways. Resonant 
frequency and area of reactance are also measured. IOS has major uses in diagnosis and control of asthma in children and the 
elderly, where spirometry is otherwise normal. IOS has been studied in other respiratory diseases like COPD, ILD and supraglottic 
stenosis. 
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Introduction

Conventional spirometry has been in use 
since many decades. Newer applications of al-
ternative technologies to measure lung functions 
which were postulated in the same era have come 
into practice now. Impulse oscillometry system 
is one of such pulmonary function tests. In 1956, 
Dubois et al. described the forced oscillation 
technique (FOT) to measure lung functions using 
single frequency sound waves, which was easy to 
perform and provided more insight into the lung 
mechanics as compared to the simple spirometry 
[1]. In 1975, Michaelson et al. improvised the 
technique to use multiple frequency sound waves 
which was named impulse oscillometry (IOS) 
[2]. However, it was not until 1998 when Jaeger 
could make computerised IOS commercially 
available [3–5].

Principle of impulse oscillometry

Impulse oscillometry is defined as a variant 
of FOT described by Dubois over 50 years ago, 

which permits passive measurement of lung 
mechanics. The principle of IOS is based on 
superimposition of sound waves on normal 
tidal breathing, which leads to disturbances in 
flow and pressure across the airways, leading 
to an ultimate output of respiratory resistance, 
reactance and impedance using the fast fourier 
transform (FFT) technique. This principle of IOS 
is derived from the Ohm’s law which states that 
resistance is a product of division of pressure and 
flow. The IOS involves the use of sound waves 
which give information about oscillatory pressu-
re-flow relationships and eventually resistance 
and reactance. 

Respiratory resistance is the in-phase compo-
nent of lung impedance and reflects information 
about the forward pressure of the conducting 
airways. With the use of multiple frequencies, 
the characteristics of the different section of 
the airways can be studied. Sound waves with 
higher frequencies (20 Hz) travel shorter distan-
ces and generally till the large airways. Hence, 
the resistance at 20 Hz (R20) represents the re-
sistance of the large airways. Sound waves with 
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lower frequencies (5 Hz) travel larger distances 
and generally till the small airways. Hence, the 
resistance at 5 Hz (R5) represents the total airway 
resistance. Subtracting R20 from R5 (R5–R20) 
reflects resistance in the small airways. Further 
higher frequencies than 20 Hz cause discomfort 
and lower ones are influenced by breath dynamics 
and hence not used. Respiratory reactance is the 
out-of-phase component (imaginary part) of lung 
impedance and reflects the capacitive and inertive 
properties (opposite forces) of the airways. The 
reactance at 5 Hz (X5) reflects the elastic recoil 
of the peripheral airways (capacitive energy of 
the lungs). The diseases of the lung that reduce 
the elasticity of the lung (fibrosis, hyperinflation) 
lead to higher or more negative X5. 

Respiratory impedance is the sum of all for-
ces which oppose the generated impulse, i.e. real 
respiratory resistance and imaginary respiratory 
reactance. Resonant frequency (Fres) indicates 
the frequency at which the inertial properties of 
the airways and capacitance of lung periphery are 
equal. Total reactance at this point is zero. Nor-
mal Fres is 6–11 Hz. Fres increases in peripheral 
airway obstruction and fibrosis. Area of reactance 
(AX) is the integrated low frequency respiratory 
reactance magnitude between 5 Hz and Fres. AX 
relates to respiratory compliance, small airway 
patency and correlates with R5–R20. 

In IOS quality assurance is measured by 
coherence (CO). It reflects reproducibility of im-
pedance measurements. Coherence at 5 Hz (CO 5)  
is > 0.8 cm H2O. Coherence at 20 Hz (CO 20) is 
between 0.9 to 1.0. Coherence can be decreased 
due to improper technique, irregular breathing, 
glottis closure, swallowing [3–5].

Advantages and disadvantages

Advantages of IOS include the use of simple 
tidal breathing manoeuvres against forced ma-
noeuvres applied in spirometry and thus require 
less effort. Hence, it can be used in children, the 
elderly, special patient population groups. It can 
be employed to study lung functions in patients 
on ventilators as well as during sleep, post-sur-
gery, acute coronary syndromes. It reflects lung 
mechanics and provides a more “real-world” as-
sessment of respiratory function. Humans do not 
use forced manoeuvres in daily activity, artefacts 
from gas compression, closure of the small airway 
are limitations of conventional spirometry which 
are overcome with IOS. It has greater sensitivity to 
diagnose peripheral airway obstruction, i.e. small 
airway disease. It gives a better insight into lung 

mechanics and demonstrates a change in early di-
sease wherein spirometry is normal. Disadvantages 
of IOS include a newer less standardised metho-
dology, limited reference standard values and high 
intra-subject variability. More research/studies are 
required for validation and formulation of predic-
ted equations. Major studies have reported its role 
in obstructive airway diseases like asthma. Cost 
and portability issues also prove an hindrance to 
IOS use in resource limited setting [3–5].

Indications of IOS

1) Measurement of lung functions in chil-
dren aged < 5 years, elderly people and those 
with physical and cognitive limitations who 
cannot perform spirometry easily; 2) Diagnosis 
of bronchial asthma with normal spirometry;  
 3) Measurement of lung functions in special pa-
tient groups- ventilated, post-transplant; 4) IOS 
is also used for demonstration of bronchodilator 
response and in bronchoprovocation testing 
(lower doses required); 5) Small airway disease.

How to perform the test?

Impulse oscillometry machine has a pneumo-
tach and pressure transducer connected in series, 
with a speaker at one end and a mouthpiece at the 
other. Figure 1 depicts the machine assembly. Cali-
bration is done using a 3 litre syringe. In a relaxed 
sitting position with a nose clip applied, the patient 
is asked to make a tight seal between the mouth piece 
and lips with the cheeks firmly held by both hands. 
The patient is informed about the procedure. When 
sound impulses are emitted and pushed into the 
lungs it may make the patient feel little uncomfor-
table. The patient is asked to perform normal tidal 
breathing for 30–45 seconds when sound impulses 
are pushed into the lungs. At least three reproducible 
efforts are recorded. Bronchodilator reversibility 
is assessed with repeated testing 20 minutes post 
administration in a similar fashion [3–5].

Multiple researchers attempted to document 
equations for IOS. Consensus recommendations 
were published in 2003 and also reviewed the li-
mitations of existing reference equations [6]. The 
Jaeger system used equations published by Vogel 
and Smidt [7]. Alternative equations were given 
by Oostveen et al in 2013 in white adults [8].

IOS result and its implications

The IOS reports R5, R20, X5, AX, Fres as the 
available output. Proximal airway obstruction mani-
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Proximal airway obstruction

Increased R5, R20. Normal X5, Fres

Peripheral airway obstruction

Increased R5, Normal R20. Increased X5

Pulmonary restriction

Normal R5m R20. Inceased X5, Fres

Children are a group of patients in whom 
conventional spirometry is challenging as it 
requires active patient cooperation and is effort 
dependent. The predicted equations for them are 
less standardised, making it difficult to differen-
tiate normal and diseased states with the help of 
adult reference values. Studies have utilised IOS 
in healthy children to obtain normal reference 
values for further use in view of the difficulty in 
performing and interpreting conventional spiro-
metry [12]. IOS has been used to diagnose and 
manage airway diseases in children [13, 14]. IOS 
has correlated with spirometry values in COPD, 
asthma and bronchiectasis to help review and 
manage therapy [15–18]. It correlated with lung 

Figure 1. Impulse oscillometry assembly consisting of sound emitter 
(A), screen flap (B), Y-adapter with a mouthpiece (C), pneumotach (D)

fests as increased R5, increased R20, normal X5 and 
normal Fres. Peripheral airway obstruction results in 
increased R5, normal R20, increased X5 and incre-
ased Fres. Lung restriction manifests as normal R5, 
normal R20, increased X5, increased Fres [3–6, 9–11].

In asthma, IOS can help in diagnosis on 
a background of normal spirometry if 1) R > 150%  
(R is resistance at all frequencies); 2) R5–R20  
≥ 20%; 3) Reduction in R > 20% suggesting signifi-
cant post-bronchodilator reversibility; 4) Increase 
in R on bronchoprovocation testing. Control of 
asthma is said to be poor if associated with incre-
ased R5–R20, X5, AX, even in the background of 
normal spirometry. In small airway disease, the R5 
is increased with normal R20 and a rise in R5–R20. 
In chronic obstructive pulmonary disease (COPD), 
a decrease in X5 suggests dynamic hyperinflation. 
Difference in inspiratory reactance (XI) and expira-
tory reactance (XE) correlate with COPD severity, 
although the clinical relevance is unknown. In 
interstitial lung disease, IOS changes are similar 
to those in severe COPD and require clinicoradio-
logical correlation for interpretation. New inhaler 
drug delivery mechanisms measured by IOS are 
more representative of the mechanical and phy-
siological properties of the lung. IOS can quantify 
changes with therapy in non-invasive assessment 
of supraglottic diseases, such as vocal cord dys-
function. Figure 2 depicts graphically changes on 
IOS in obstructive and restrictive abnormality.

Figure 2. Graphical depiction of impulse oscillometry in obstructive 
and restrictive abnormality
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functions in some rare diseases like sickle cell di-
sease, gastro-oesophageal reflux disease without 
airway disease [19, 20].

To summarise, the IOS is an alternative to 
spirometry in special situations. Although the 
technique needs further refinement, it is based 
on an established principle with wide application 
to future research. IOS can serve as an adjunct 
to conventional spirometry in special situations.

Conflict of interest

The authors declare no conflict of interest.

References:
1.	 Dubois AB, Brody AW, Lewis DH, et al. Oscillation mecha-

nics of lungs and chest in man. J Appl Physiol. 1956; 8(6): 
587–594, doi: 10.1152/jappl.1956.8.6.587, indexed in Pubmed: 
13331841.

2.	 Michaelson ED, Grassman ED, Peters WR. Pulmonary mecha-
nics by spectral analysis of forced random noise. J Clin Invest. 
1975; 56(5): 1210–1230, doi: 10.1172/JCI108198, indexed in 
Pubmed: 1184746.

3.	 Brashier B, Salvi S. Measuring lung function using sound 
waves: role of the forced oscillation technique and impulse 
oscillometry system. Breathe (Sheff). 2015; 11(1): 57–65, doi: 
10.1183/20734735.020514, indexed in Pubmed: 26306104.

4.	 Desiraju K, Agrawal A. Impulse oscillometry: The state-of-art 
for lung function testing. Lung India. 2016; 33(4): 410–416, doi: 
10.4103/0970-2113.184875, indexed in Pubmed: 27578934.

5.	 Bickel S, Popler J, Lesnick B, et al. Impulse oscillometry: in-
terpretation and practical applications. Chest. 2014; 146(3): 
841–847, doi: 10.1378/chest.13-1875, indexed in Pubmed: 
25180727.

6.	 Oostveen E, MacLeod D, Lorino H, et al. ERS Task Force on 
Respiratory Impedance Measurements. The forced oscillation 
technique in clinical practice: methodology, recommendations 
and future developments. Eur Respir J. 2003; 22(6): 1026–
1041, indexed in Pubmed: 14680096.

7.	 Vogel J, Smidt U. Impulse oscillometry. Analysis of lung me-
chanics in general practice and the clinic, epidemiology and 
experimental research. PMI-Verlagsgruppe, Frankfurt 1994.

8.	 Oostveen E, Boda K, van der Grinten CPM, et al. Respiratory 
impedance in healthy subjects: baseline values and broncho-
dilator response. Eur Respir J. 2013; 42(6): 1513–1523, doi: 
10.1183/09031936.00126212, indexed in Pubmed: 23598954.

9.	 Holey AB. Using impulse oscillometry in clinical practice. 
Available from Medscape at https://www.medscape.com/vie-
warticle/862265_2. [access: 07.01.2019].

10.	 Sharshar R, Mohamed A. The utility of impulse oscillome-
try in asthma: A  comparison of spirometry versus impul-
se oscillometry system. Egyptian Journal of Chest Diseases 
and Tuberculosis. 2017; 66(2): 207–209, doi: 10.1016/j.ej-
cdt.2017.03.002.

11.	 Kolsum U, Borrill Z, Roy K, et al. Impulse oscillometry in 
COPD: identification of measurements related to airway obs-
truction, airway conductance and lung volumes. Respir Med. 
2009; 103(1): 136–143, doi: 10.1016/j.rmed.2008.07.014, in-
dexed in Pubmed: 18760576.

12.	 Gochicoa-Rangel L, Torre-Bouscoulet L, Martínez-Briseño D, 
et al. Values of impulse oscillometry in healthy mexican chil-
dren and adolescents. Respir Care. 2015; 60(1): 119–127, doi: 
10.4187/respcare.03374, indexed in Pubmed: 25336530.

13.	 Komarow HD, Myles IA, Uzzaman A, et al. Impulse oscil-
lometry in the evaluation of diseases of the airways in 
children. Ann Allergy Asthma Immunol. 2011; 106(3): 191–
199, doi: 10.1016/j.anai.2010.11.011, indexed in Pubmed: 
21354020.

14.	 Galant SP, Komarow HD, Shin HW, et al. The case for im-
pulse oscillometry in the management of asthma in child-
ren and adults. Ann Allergy Asthma Immunol. 2017; 118(6): 
664–671, doi: 10.1016/j.anai.2017.04.009, indexed in Pubmed: 
28583260.

15.	 Nikkhah M, Amra B, Eshaghian A, et al. Comparison of im-
pulse osillometry system and spirometry for diagnosis of obs-
tructive lung disorders. Tanaffos. 2011; 10(1): 19–25, indexed 
in Pubmed: 25191346.

16.	 Manoharan A, Anderson WJ, Lipworth J, et al. Assessment 
of spirometry and impulse oscillometry in relation to asthma 
control. Lung. 2015; 193(1): 47–51, doi: 10.1007/s00408-014-
9674-6, indexed in Pubmed: 25516285.

17.	 Ozdogan S. A comparison of impulse oscillometry to spirome-
try in the evaluation of exercise induced bronchoconstriction 
in children with asthma. Journal of Pulmonary & Respiratory 
Medicine. 2014; 04(02), doi: 10.4172/2161-105x.1000180.

18.	 Guan WJ, Yuan JJ, Gao YH, et al. Impulse oscillometry and 
spirometry small-airway parameters in mild to moderate bron-
chiectasis. Respir Care. 2016; 61(11): 1513–1522, doi: 10.4187/
respcare.04710, indexed in Pubmed: 27484107.

19.	 Arikoglu T, Er M, Unal S, et al. Extensive evaluation of pulmo-
nary function abnormalities by different techniques in turkish 
children and young adults with sickle cell disease. Pediatric 
Allergy, Immunology, and Pulmonology. 2018; 31(2): 78–83, 
doi: 10.1089/ped.2018.0870.

20.	 Eidani E, Hashemi SJ, Raji H, et al. A comparison of impulse 
oscillometry and spirometry values in patients with gastro-
esophageal reflux disease. Middle East J Dig Dis. 2013; 5(1): 
22–28, indexed in Pubmed: 24829666.

http://dx.doi.org/10.1152/jappl.1956.8.6.587
https://www.ncbi.nlm.nih.gov/pubmed/13331841
http://dx.doi.org/10.1172/JCI108198
https://www.ncbi.nlm.nih.gov/pubmed/1184746
http://dx.doi.org/10.1183/20734735.020514
https://www.ncbi.nlm.nih.gov/pubmed/26306104
http://dx.doi.org/10.4103/0970-2113.184875
https://www.ncbi.nlm.nih.gov/pubmed/27578934
http://dx.doi.org/10.1378/chest.13-1875
https://www.ncbi.nlm.nih.gov/pubmed/25180727
https://www.ncbi.nlm.nih.gov/pubmed/14680096
http://dx.doi.org/10.1183/09031936.00126212
https://www.ncbi.nlm.nih.gov/pubmed/23598954
http://dx.doi.org/10.1016/j.ejcdt.2017.03.002
http://dx.doi.org/10.1016/j.ejcdt.2017.03.002
http://dx.doi.org/10.1016/j.rmed.2008.07.014
https://www.ncbi.nlm.nih.gov/pubmed/18760576
http://dx.doi.org/10.4187/respcare.03374
https://www.ncbi.nlm.nih.gov/pubmed/25336530
http://dx.doi.org/10.1016/j.anai.2010.11.011
https://www.ncbi.nlm.nih.gov/pubmed/21354020
http://dx.doi.org/10.1016/j.anai.2017.04.009
https://www.ncbi.nlm.nih.gov/pubmed/28583260
https://www.ncbi.nlm.nih.gov/pubmed/25191346
http://dx.doi.org/10.1007/s00408-014-9674-6
http://dx.doi.org/10.1007/s00408-014-9674-6
https://www.ncbi.nlm.nih.gov/pubmed/25516285
http://dx.doi.org/10.4172/2161-105x.1000180
http://dx.doi.org/10.4187/respcare.04710
http://dx.doi.org/10.4187/respcare.04710
https://www.ncbi.nlm.nih.gov/pubmed/27484107
http://dx.doi.org/10.1089/ped.2018.0870
https://www.ncbi.nlm.nih.gov/pubmed/24829666

