
The Effects of a Deep Breathing Maneuver on Standard Airwave 
Oscillometry Measurements

Patrick Donohue, MDa, Nicholas C Love, MDb, Margaret Connolly, MDa, Sandhya Khurana, 
MDa,c, Steve N Georas, MDa,c

aDivision of Pulmonary and Critical Care Medicine, University of Rochester School of Medicine 
and Dentistry, 601 Elmwood Ave, Rochester, NY 14642

bDepartment of Medicine, University of Rochester School of Medicine and Dentistry, 601 
Elmwood Ave, Rochester, NY 14642

cMary Parkes Center for Asthma, Allergy & Pulmonary Care, 400 Red Creek Drive, Suite 110, 
Rochester, NY 14623

Keywords

Oscillometry; Pulmonary Function Testing; Deep Breathing; Physiology; Asthma

Forced Oscillation Technique (FOT) is a noninvasive method of measuring respiratory 

mechanical properties that utilizes pressure waves applied to the mouth during tidal 

breathing across a range of frequencies [1]. While FOT has been studied extensively over 

several decades, questions remain on how to best interpret these measurements across 

a variety of conditions. One such condition is when FOT is measured following deep 

breathing maneuvers given the known effects of deep breaths on lung mechanics [2, 3]. 

For example, a deep inspiration to maximum inflation in healthy individuals appears to 

be bronchoprotective [4], while expiration to maximum deflation can result in airway 

closure [5]. Current technical standards for FOT use recommend avoiding deep breaths or 

forced exhalation maneuvers prior to oscillometric testing [6], but whether these maneuvers 

influence standard oscillometry measurements performed during tidal breathing remains 

unclear.
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A single-center cohort of healthy subjects was recruited to participate in this observational 

study. An Institutional Research Subject Review Board approved this study and written 

informed consent was obtained from all participants. Demographic and basic medical 

information was collected for each subject including: age, biological sex, height, weight, 

and history of lung disease. FOT measurements were made before and after a deep breathing 

maneuver. Before the initial FOT measurement, subjects were asked to avoid any deep 

breathing, coughing, sighing, or yawning for five to ten minutes. FOT measurements 

were then taken using a THORASYS® tremoFlo® C-100 Airwave Oscillometry System™. 

Measurements were made at least three times to ensure repeatability for a R5 coefficient 

of variance of <10%. The subject was then asked to perform an “inflation-deflation” deep 

breathing maneuver consisting of 5 sequential breaths to maximal inflation (TLC) followed 

by maximal lung deflation (RV). Within seconds of completing this inflation-deflation 

maneuver, FOT measurements were repeated. Pre- and post-inflation-deflation oscillometry 

variables were measured including common parameters of interest; mean low frequency 

resistance (R5), mean frequency dependence of resistance (R5-R20), and mean area of 

reactance (Ax). Differences in pre- and post-inflation-deflation values were determined 

using a paired t-test with statistical significance defined as p < 0.05.

A total of 20 subjects (10 female, 10 male) with a median age of 36.1 years (23-59) were 

enrolled. The median height was 171 cm (158-185), median weight 76 kg (57-104), and 

median BMI was 26.2 kg/m2 (18.8-42.0). One subject reported a history of mild-intermittent 

asthma, but was not on regular therapy. Pre- and post-inflation-deflation oscillometry values 

are shown in Table 1. The pre- and post-inflation-deflation measurements of commonly 

reported outcome parameters for all subjects were within normal limits according to 

normative data referenced by the tremoFlo® software.

Post-inflation-deflation maneuver oscillometry variables were similar to pre-inflation-

deflation values for the majority of parameters of interest (Table 1). The R5 measured 

over the first breaths following the inflation-deflation maneuver was significantly increased 

to 3.00 cmH2O/L/s ± 1.24 compared to the pre-inflation-deflation mean R5 of 2.73 

cmH2O/L/s ± 1.07 (95% CI 0.0104 to 0.535, p = 0.042). This difference in R5 post-

inflation-deflation was not maintained when the mean R5 over three measurements post-

inflation-deflation maneuver was compared to the mean R5 pre-inflation-deflation. Figure 

1 depicts the comparisons of pre- and post-inflation-deflation mean R5 as well as post-

inflation-deflation R5 over the first post-inflation-deflation measurement.

In this single-center observational study of healthy subjects, we evaluated whether a 

deep breathing maneuver, five deep breaths from TLC to RV, would affect commonly 

measured oscillometry variables. The majority of oscillometry variables evaluated were 

not significantly different suggesting that a significant deep breathing maneuver from TLC 

to RV does not affect standard oscillometry measurements in healthy subjects. Although 

our study may not have had sufficient power to detect smaller differences in oscillometry 

variables, we believe that even a small statistical difference in pre- and post-inflation-

deflation oscillometry variables in a larger cohort is unlikely to have clinical significance.
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While we did not observe a significant difference between mean R5 pre- and post-inflation-

deflation maneuver, the R5 over the first post-inflation-deflation measurement was slightly 

elevated when compared to the pre-inflation-deflation mean R5. This slight increase in 

R5 may represent transient airway narrowing from the last inflation-deflation maneuver, 

which involved forceful exhalation to RV. This increase in R5 was not maintained when 

the remaining post-inflation-deflation measurements were averaged, suggesting that any 

airway narrowing present quickly resolves once regular tidal breathing is resumed. In other 

studies where oscillometry is measured in real-time over a deep breathing maneuver, any 

airway narrowing or re-narrowing seems to occur within one minute once tidal breathing 

is resumed [5, 7]. Our limited observational data in this study suggests that slight changes 

in airway resistance following inflation-deflation maneuvers are transient and do not impact 

oscillometry variables when measured in the standardized fashion using three separate 

measurements to achieve a R5 coefficient of variance of <10%.

In conclusion, this observational study of healthy subjects adds to the growing body of data 

informing whether volume history affects standard oscillometry measurements. More study 

using vital capacity maneuvers and spirometry are needed to determine if these tests affect 

measurements of lung function obtained by oscillometry in healthy subjects, or those with 

lung diseases.
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Abbreviations:

FOT Forced Oscillation Technique

TLC Total Lung Capacity

RV Residual Volume

R5 Low-frequency resistance at 5 Hz

R5-R20 Frequency dependence of resistance

Ax Area under the reactance curve
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Figure 1. 
Pre- and post-Inflation-Deflation mean R5 for individual subjects as well as mean of 

differences (LEFT). Pre-Inflation-Deflation mean R5 vs post-Inflation-Deflation R5 over 

first breath for the individual subjects as well as mean of differences (RIGHT).
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Table 1.
Oscillometry Data

Pre- and post-inflation-deflation maneuver oscillometry variables of interest and the calculated mean 

differences including confidence intervals and p-values. Common parameters of interest including R5, R5-

R20, and Ax are reported. Exploratory parameters of interest; Inspiratory R5, Expiratory R5, and End-

Expiratory R5 are reported. The comparison of mean R5 pre-inflation-deflation maneuver to the first R5 

measurement post-inflation-deflation maneuver is also included.

Oscillometry Variable Pre-Inflation-
Deflation

Post-Inflation-
Deflation

Mean Difference

R5, mean 2.73 ± 1.07 2.80 ± 1.20 0.0687 (95% CI −0.0965 to 0.233, p=0.396)

R5-R20, mean −0.056 ± 0.20 −0.031 ± 0.25 −0.0250 (95% CI −0.0652 to 0.115, p=0.569)

Ax, mean 3.80 ± 2.37 3.89 ± 2.58 0.0887 (95% CI −0.602 to 0.779, p=0.791)

Inspiratory R5, mean 2.61 ± 0.99 2.55 ± 0.91 −0.0587 (95% CI −0.214 to 0.0969, p=0.439)

Expiratory R5, mean 2.82 ± 1.14 2.94 ± 1.36 0.114 (95% CI −0.0869 to 0.314, p=0.250)

End-Expiratory R5, mean 2.48 ± 1.08 2.45 ± 1.21 −0.0315 (95% CI −0.222 to 0.159, p=0.733)

Mean R5 Pre-Inflation-Deflation vs 2.73 ± 1.07 3.00 ± 1.24 0.273 (95% CI 0.0104 to 0.535, p=0.042) *

First Measurement Post-Inflation-Deflation R5
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