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BACKGROUND: The impulse oscillometry system is a noninvasive method of evaluating respira-
tory mechanics that is being increasingly used in the pediatric population. To date, no reference
equations have been developed for healthy Brazilian children and adolescents. The purpose of the
study was to determine the reference equations for impulse oscillometry system parameters in
healthy children and adolescents. METHODS: We undertook an observational cross-sectional an-
alytical study with healthy students age 6–14 y from educational institutions in the Greater Flori-
anópolis area. Biometric data were evaluated (weight, height, body mass index, and body surface
area) as predictors and for sample characterization. All participants were submitted to evaluation
of respiratory mechanics using an oscillometry system following American Thoracic Society stan-
dards. Three tests were recorded, with data acquisition for >20 s. For data normality verification,
the Kolmogorov-Smirnov test was applied, and Pearson’s correlation test identified the relationship
between the predicted values of height, age, and weight and the oscillometric variables of resistance
at 5 and 20 Hz reactance; respiratory impedance at 5 Hz resonant frequency; and reactance area.
Models were developed using simple linear regression and multiple analyses. RESULTS: After the
recruitment of 864 children, 123 subjects with an average age of 10.0 � 2.4 y for boys and
9.9 � 2.4 y for girls (P � .94) were considered for final analysis. Correlations were identified
between the dependent and predictor oscillometric variables, with height identified as having the
greatest predictive power in the equations developed for boys in all oscillometric parameters, with
a mean adjusted R2 of 46.51%. Age had greater influence on resonant frequency (adjusted
R2 � 40.1%) and reactance area (adjusted R2 � 48.8%) for girls. CONCLUSIONS: Reference
equations were developed for males and females, and height was the most influential predictor
variable for most impulse oscillometry system parameters in the population studied. Key words:
respiratory mechanics; oscillometry; reference values; children; pulmonary function test; regression
analyses. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

The development of methods for the assessment of the
respiratory system emerged with the aim of understanding

lung physiology, growth, and development as well as ver-
ifying the association of these factors with changes in
respiratory mechanics.1

The impulse oscillometry system is an important re-
source for the evaluation of such changes.2-4 The impulse
oscillometry system has been successful, particularly in
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the respiratory assessment of children, because it does not
require effort and it is easy to apply.4,5-8

The literature presents some studies using the impulse
oscillometry system as a complementary method of eval-
uation in children with respiratory disorders, with empha-
sis on asthma and cystic fibrosis.8-12 Investigations carried
out with healthy children show a growing trend toward
determining equations/reference values for new methods
of respiratory assessment.13 The main studies on this sub-
ject were conducted in different countries, and, as yet, no
equations/reference values for impulse oscillometry sys-
tem parameters have been presented for healthy children
in Brazil.

Recently, a publication addressed the determination of
reference values for Mexican children and adolescents,14

also showing the use of this respiratory test in Latin Amer-
ican countries. This study, as well as other research in the
area of pediatrics, shows that height is considered the most
influential variable for impulse oscillometry system pa-
rameters and an important element for determining equa-
tions and reference values.

In Brazil, determining these equations will help to mon-
itor lung function and respiratory symptoms in children
and will enable comparisons between different pediatric
populations. In addition, it is a useful tool to complement
tests such as spirometry, which requires difficult forced
maneuvers that could prevent the achievement of qualita-
tively and quantitatively satisfactory results.15 The present
study aims to determine reference equations for impulse
oscillometry system parameters in Brazilian children and
adolescents age 6–14 y.

Methods

This is an observational cross-sectional analytical study
with school-age children and adolescents, approved by the
Research Ethics Committee of Universidade do Estado de
Santa Catarina (UDESC), Brazil (approval number 97/2011).
Data collection was conducted at public and private ele-
mentary schools of the Greater Florianópolis area from
October 2012 to May 2014. After receiving authorization,
the schools informed the child’s guardian about the goals,
procedures, risks, and benefits of the research, and in-
formed consent was obtained.

Healthy children, age 6–14 y, participated in the study.
Based on the guidelines of the American Thoracic Society
and European Respiratory Society, individuals with the
following characteristics were excluded: family history of
wheezing or asthma, personal history of allergic rhinitis
(ISAAC),16 premature birth, low birthweight or history of
pulmonary invasive mechanical ventilation and/or bron-
chopulmonary dysplasia in the neonatal period, exposure
to passive smoking in the family or during pregnancy,
obesity according to the classification of the Telessaúde

Program of the Ministry of Health, recent upper respira-
tory tract infection (up to 2 weeks before evaluation), se-
vere respiratory disease, and dyspnea.3,16-20 In addition,
individuals were also excluded if they presented cardiore-
spiratory, musculoskeletal, neurological, or rheumatic dis-
eases and auditory or visual deficits that might interfere
with data collection and acquisition.

For the implementation of the data collection, all par-
ticipants underwent biometric tests. Weight (kg) was mea-
sured with a previously calibrated glass digital scale (Ultra
Slim W903-Wiso, China). Height (inches/cm) was as-
sessed by means of a portable Stadiometer (Personal
Caprice Sanny - Fortaleza, CE/Brazil). Body mass index
was calculated for each child as kg/m2. Body surface area
was also calculated based on the study of Du Bois et al.21

Body surface area is routinely used in studies on impulse
oscillometry in children.20,22 For the lung function tests
(spirometry and impulse oscillometry), the MasterScreen
impulse oscillometry system (Erich Jaeger, Friedberg,
Germany) was used. Before each period of data collection,
the system was calibrated using a digital thermo hygrom-
eter and humidity monitor (model 7663, Incoterm/China).

Participants were trained on an individual basis at the
time of collection, and each assessment lasted about
15–20 min. All tests were carried out by the same re-
searcher. To ensure that there was no interference of the
forced expiratory maneuvers with the results of the ex-
amination, an oscillometry test was carried out before
the spirometry.

The oscillometry test was then carried out in accordance
with American Thoracic Society guidelines following the
same rules for the forced oscillation technique.3 The chil-
dren were instructed to position the mouth on the mouth-
piece and breathe spontaneously in tidal volume. A min-

QUICK LOOK

Current knowledge

The determination of reference equations for the im-
pulse oscillometry system allows comparisons between
different nationalities and extends the use of this tool
for noninvasive evaluation of respiratory mechanics.
As in other studies, height is identified as the most
influential predictor variable for most impulse oscil-
lometry parameters in children and adolescents.

What this paper contributes to our knowledge

Considering the impulse oscillometry parameters stud-
ied, 6 reference equations in Brazilian healthy children
and adolescents were obtained for each sex. Height was
identified as having the greatest predictive power in
most of the equations developed for boys and girls.
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imum time of 20 s was set for data acquisition. Tests with
changes in the oscillometric parameters during this collec-
tion were disregarded. Tests were only considered valid if
the trace was linear, ascendant, and within the system’s
range of normality without interference, such as cough,
crying, or swallowing, during measurements.20,23,24 Three
measures were carried out, and each participant’s best test
was selected. A maximum of 10% variation between mea-
surements was allowed for each of the parameters. To ensure
test precision, coherence was measured at 5 Hz � 0.8 cm H2O
and at 20 Hz � 0.9 cm H2O.

For data analysis, the following parameters were con-
sidered: total airway resistance (resistance to 5 Hz [R5]),
central airway resistance (resistance to 20 Hz [R20]), re-
spiratory impedance (impedance to 5 Hz [Z5]), peripheral
capacitive reactance (reactance to 5 Hz [X5]), reactance
curve area below zero (AX), and resonant frequency (Fres).
Frequencies of 5 and 20 Hz were used because they are the
ones used most often for interpreting the presence of ob-
structive disorders. The oscillometric parameters measured
at high frequency (20 Hz) express the behavior of large
airways, whereas those measured at low frequency (5 Hz)
reflect the behavior of the small airways.25 At the end of
the oscillometric test, spirometry was carried out to verify
the absence of disease. Participants were excluded if they
presented changes in FEV1 and FVC, with values below
80% of FEV1/FVC or below 0.70 of predicted.26 Those
who did not show curves within the criteria of acceptabil-
ity and reproducibility were also excluded.27 American
Thoracic Society/European Respiratory Society guidelines
were followed for the spirometric testing.

The sample calculation was carried out by determining
the mean and 95% CI of the impulse oscillometry system
parameters according to sex. Thus, three impulse oscil-
lometry system parameters were selected: R5, which ex-
presses the total airway resistance; X5, representing the
peripheral area of the airway; and Fres, which is a graphic
variable identifying the presence of obstructive disorders.

The data for these parameters were obtained through a
pilot study with 54 children and adolescents age 6–14 y.
Based on the SD value of each parameter, a specific � was
calculated according to the respective behavior of varia-
tion, and using the formula recommended by Hair et al,28

a minimum sample size of 96 individuals was considered
sufficient. This result considered the highest value among
the 3 chosen variables (R5 � SD of 1.77 and � � 0.5).
The formula given by Freund and Simon29 was also con-
sidered, according to which a minimum of 20 individuals
is required for each predictor variable in studies on equa-
tions/reference values. Including the variables measured
for the present study (height and age), a total of 80 par-
ticipants (40 boys and 40 girls) was considered sufficient.

For statistical analysis, we evaluated the fit of the
dependent variables to the normal distribution using the

Kolmogorov-Smirnov test. In females, a base 10 trans-
formation of the variables Z5, R5, R20, Fres, and AX
was performed. In males, the variable AX was also
transformed.

Pearson’s correlation was used; therefore, simple linear
regression analysis was carried out to evaluate the rela-
tionship between the impulse oscillometry system param-
eters (dependent variables) and the anthropometric data
(predictor variables).30 Next, multivariate models were de-
veloped by multiple linear regression, incorporating pre-
dictor variables correlated to the dependent variable. The
stepwise method was used to select the variables. The
probability for inclusion of a predictor variable in the model
was P � .05, and probability for exclusion was P � .10.
The multicollinearity was evaluated among the predictor
variables age, weight, height by variance inflation factor,
and tolerance. For evaluation of model adjustment, resid-
ual analysis was carried out. The mean of the residuals was
zero, and they had regular distribution. To choose the best
model, the coefficient of determination (adjusted R2) and
the theoretical reference on the topic were taken into account.

Data were analyzed using SPSS 20.0 for Windows (IBM
Corp, Armonk, New York). The significance level was set
at 5% (P � .05) for the Mann-Whitney test and 1% (P � .01)
for the remaining tests.

Results

Initially, 864 children were evaluated from which 741
were excluded, for a total of 123 schoolchildren. Exclu-
sion criteria included: allergic rhinitis, asthma, bronchitis,
lung disease, passive smoking, history of pneumonia, re-
spiratory infection, equipment failure, incomplete ques-
tionnaire, obesity, underweight, modified spirometries, pre-
maturity, refused participation, other nationality, above age
limit, and other adverse conditions (myelomeningocele,
dwarfism, rheumatism, hearing impairment, attention def-
icit, diabetes, hypothyroidism, thoracic deformity). The
same child or adolescent may have been excluded for mul-
tiple reasons (Figure 1).

Fig. 1. Flow chart. Selection of subjects.
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We also excluded 39 children and adolescents who
could not be paired for the statistical analysis in order to
decrease selectivity bias and to make the sample as
homogeneous as possible. 78% of the selected children
were classified as normal-weight, and 94.3% were iden-
tified as white. Boys were age 10.0 � 2.4 y on average,
and girls were age 9.9 � 2.4 y (P �. 94). Biometric
characteristics of height, weight, and body mass index
are presented in Table 1.The mean body surface areas were
1.20 � 0.26 and 1.21 � 0.24 m2 (P �. 83) for boys and girls,
respectively.

According to the inclusion criteria, all participants had
ISAAC16 scores below the cutoff point, with mean scores
of 0.61 � 1.06 and 0.74 � 1.25 in the asthma component
and 0.39 � 0.75 and 0.46 � 0.72 in the rhinitis component
for boys and girls, respectively. All schoolchildren showed
spirometry values within regular range. Mean values are

shown in Table 2. Correlations were found between de-
pendent oscillometry variables and predictor variables, as
described in Table 3.

The results of the Pearson correlation between oscillo-
metric parameters (R5, R20, X5, Z5, Fres, and AX) and
the anthropometric data show that the variable height had
the highest coefficients, ranging from 0.39 to 0.79 in boys
and from 0.74 to 0.77 in girls. There were no differences
between the sexes in the oscillometric variables studied
(Table 4). Association of selected impulse oscillometry
parameters with height and age is presented in Figure 2.

Table 5 presents the models of equations obtained by
multiple linear regression analysis, according to the sex of
the participants (boys and girls). Height was the variable
with the most predictive power for models of all oscillo-
metric variables in boys and for most of the variables in
girls, with the highest coefficients of determination (R2).

Table 1. Mean � SD for Height, Weight, and Body Mass Index of the Children and Adolescents, Stratified by Sex and Age

Age, y
Boys Girls

n Height, cm Weight, kg BMI (TS), kg/m2 n Height, cm Weight, kg BMI (TS), kg/m2

6 8 121.2 � 7.8 23.4 � 3.9 15.7 � 1.0 7 116.8 � 4.4 21.1 � 3.2 15.2 � 1.4
7 5 123.9 � 3.6 24.9 � 2.7 16.2 � 1.7 5 127.2 � 2.8 26.4 � 1.7 16.3 � 1.5
8 5 129.5 � 3.0 26.7 � 3.2 15.9 � 1.3 5 130.3 � 9.4 27.1 � 4.5 15.9 � 2.2
9 6 132.9 � 9.6 30.1 � 7.0 16.8 � 1.9 8 136.4 � 8.2 34.0 � 6.3 18.1 � 2.0
10 10 141.7 � 5.3 35.0 � 6.6 17.3 � 2.3 10 147.6 � 8.2 38.9 � 7.5 17.7 � 2.2
11 7 148.5 � 5.7 40.9 � 8.4 18.4 � 2.8 7 143.6 � 5.0 45.2 � 7.1 18.9 � 2.1
12 9 152.6 � 7.9 45.9 � 9.8 19.6 � 2.8 9 149.6 � 7.6 42.9 � 4.2 19.1 � 2.4
13 7 162.3 � 8.1 49.7 � 7.8 19.0 � 2.0 7 161.3 � 6.0 49.4 � 5.3 18.9 � 1.9
14 4 167.3 � 14.1 57.3 � 13.9 19.9 � 2.4 4 161.1 � 2.8 48.8 � 6.6 18.9 � 2.3

Total (123) 61 142.2 � 16.1* 36.9 � 12.5* 17.7 � 2.5* 62 142.8 � 15.9* 37.2 � 10.9* 17.7 � 2.3*

* No significant difference was found between height, weight, and body mass index between sexes (P � .84, .88, and .98, respectively).
n � number of participants
BMI (TS) � body mass index according to the classification from Telessaúde.20

Table 2. Mean � SD for FEV1, FVC, and FEV1/FVC of Children and Adolescents, Stratified by Sex and Age

Age, y
Boys Girls

FEV1, %* FVC, %* FEV1/FVC FEV1, %* FVC, %* FEV1/FVC

6 99.7 � 15.9 94.8 � 12.0 0.9 � 0.39 99.6 � 9.7 101.3 � 14.3 0.9 � 0.06
7 99.3 � 10.2 101.8 � 11.5 0.8 � 0.10 94.5 � 10.7 98.4 � 14.5 0.8 � 0.03
8 97.6 � 7.8 97.3 � 14.7 0.9 � 0.07 95.5 � 7.1 100.8 � 9.9 0.8 � 0.03
9 102.2 � 10.0 104.8 � 10.5 0.8 � 0.02 93.8 � 11.2 100.1 � 7.8 0.8 � 0.04
10 98.0 � 9.3 101.4 � 7.0 0.8 � 0.03 93.3 � 9.7 97.7 � 8.7 0.9 � 0.04
11 96.4 � 4.9 101.8 � 4.4 0.8 � 0.05 93.7 � 13.7 98.4 � 12.2 0.9 � 0.05
12 96.4 � 10.1 97.9 � 9.7 0.8 � 0.06 96.6 � 8.6 104.2 � 6.8 0.8 � 0.05
13 98.7 � 8.2 104.2 � 6.8 0.8 � 0.05 92.4 � 8.2 98.5 � 8.7 0.8 � 0.06
14 99.5 � 18.4 108.4 � 11.8 0.8 � 0.06 89.1 � 5.5 96.7 � 12.7 0.8 � 0.10

Total 98.6 � 10.1 101.1 � 9.8 0.8 � 0.05 94.6 � 9.5 99.8 � 10.4 0.8 � 0.05

* Percent-of-predicted.
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Table 4. Pearson’s Correlation for Resistance at 5 Hz, Resistance at
20 Hz, Reactance at 5 Hz, Impedance at 5 Hz, Resonant
Frequency, and Reactance Curve Area Below Zero for
Boys and Girls

IOS Parameters
r

P*
Age Height Weight

Boys .001
R5 (kPa/L/s) �0.72 �0.79 �0.73
R20 (kPa/L/s) �0.66 �0.69 �0.68
X5 (kPa/L/s) 0.33 0.39 0.35
Z5 (kPa/L/s) �0.66 �0.71 �0.65
Fres (Hz) �0.69 �0.71 �0.63
AX (kPa/L) �0.68 �0.76 �0.68

Girls .001
R5 (kPa/L/s) �0.71 �0.75 �0.69
R20 (kPa/L/s) �0.65 �0.76 �0.71
X5 (kPa/L/s) 0.69 0.74 0.62
Z5 (kPa/L/s) �0.72 �0.77 �0.70
Fres (Hz) �0.64 �0.61 �0.55
AX (kPa/L) �0.70 �0.69 �0.69

P value was from the Pearson correlation test.
* Significance value, P � .01.
IOS � impulse oscillometry system
R5 � resistance at 5 hertz
R20 � resistance at 20 hertz
X5 � reactance at 5 hertz
Z5 � impedance at 5 hertz
Fres � resonant frequency
AX � reactance curve area below zero

Table 3. Mean for Resistance at 5 Hz, Resistance at 20 Hz,
Reactance at 5 Hz, Impedance at 5 Hz, Resonant
Frequency, and Reactance Curve Area Below Zero
Stratified by Sex and Age

IOS Parameters Boy Girl P

Age 6 y
R5, kPa/L/s 0.730 0.746 �.99
R20, kPa/L/s 0.610 0.583 .86
X5, kPa/L/s �0.205 �0.209 .90
Z5, kPa/L/s 0.787 0.777 .64
Fres, Hz 21.41 20.95 .64
AX, kPa/L 1.519 1.582 .64

Age 7 y
R5, kPa/L/s 0.717 0.725 .75
R20, kPa/L/s 0.513 0.571 .25
X5, kPa/L/s �0.244 �0.228 .60
Z5, kPa/L/s 0.760 0.762 .75
Fres, Hz 21.44 19.79 .91
AX, kPa/L 1.887 1.598 .91

Age 8 y
R5, kPa/L/s 0.690 0.773 .46
R20, kPa/L/s 0.517 0.503 �.99
X5, kPa/L/s �0.205 �0.238 .25
Z5, kPa/L/s 0.702 0.810 .46
Fres, Hz 20.42 21.65 .60
AX, kPa/L 1.497 2.213 .46

Age 9 y
R5, kPa/L/s 0.643 0.661 .60
R20, kPa/L/s 0.487 0.487 .89
X5, kPa/L/s �0.175 �0.203 .51
Z5, kPa/L/s 0.660 0.693 .51
Fres, Hz 18.53 19.89 .15
AX, kPa/L 1.108 1.446 .24

Age 10 y
R5, kPa/L/s 0.564 0.458 .08
R20, kPa/L/s 0.466 0.384 .07
X5, kPa/L/s �0.153 �0.133 .22
Z5, kPa/L/s 0.585 0.477 .08
Fres, Hz 15.70 14.18 .29
AX, kPa/L 0.717 0.546 .25

Age 11 y
R5, kPa/L/s 0.500 0.440 .18
R20, kPa/L/s 0.417 0.372 .27
X5, kPa/L/s �0.106 �0.128 .14
Z5, kPa/L/s 0.511 0.459 .20
Fres, Hz 14.85 13.77 .56
AX, kPa/L 0.489 0.513 .84

Age 12 y
R5, kPa/L/s 0.472 0.458 .75
R20, kPa/L/s 0.472 0.402 .96
X5, kPa/L/s �0.141 �0.071 .62
Z5, kPa/L/s 0.494 0.479 .75
Fres, Hz 14.43 11.68 .23
AX, kPa/L 0.589 0.708 .89

Table 3. Continued

IOS Parameters Boy Girl P

Age 13 y
R5, kPa/L/s 0.412 0.427 .74
R20, kPa/L/s 0.337 0.362 .40
X5, kPa/L/s �0.097 �0.098 �.99
Z5, kPa/L/s 0.424 0.239 .84
Fres, Hz 12.58 12.94 .94
AX, kPa/L 0.404 0.422 .65

Age 14 y
R5, kPa/L/s 0.379 0.410 .24
R20, kPa/L/s 0.316 0.376 .24
X5, kPa/L/s �0.116 �0.102 .77
Z5, kPa/L/s 0.398 0.422 .24
Fres Hz 13.05 10.34 .14
AX, kPa/L 0.454 0.277 .77

P value was from the Mann-Whitney test.
IOS � impulse oscillometry system
R5 � resistance at 5 hertz
R20 � resistance at 20 hertz
X5 � reactance at 5 hertz
Z5 � impedance at 5 hertz
Fres � resonant frequency
AX � reactance curve area below zero

REFERENCE EQUATIONS FOR IMPULSE OSCILLOMETRY

RESPIRATORY CARE • ● ● VOL ● NO ● 5

RESPIRATORY CARE Paper in Press. Published on May 10, 2016 as DOI: 10.4187/respcare.04226

Copyright (C) 2016 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



Based on the highest adjusted R2 values, height and age
were the variables that remained in the proposed regres-
sion models. The regression lines for boys and girls ob-

tained in the present study and the other reference equa-
tions for both sexes are presented in Figure 3, considering
the ideal (50th percentile).

Fig. 2. Association of selected impulse oscillometry parameters with height and age. R5 � resistance at 5 Hz, R20 � resistance at 20 Hz,
X5 � reactance at 5 Hz, Fres � resonant frequency.

Table 5. Respiratory System Reference Equations Obtained by the Impulse Oscillometry System for Boys and Girls

IOS Parameters Equations R2, % Adjusted R2 SEE

Boys
R5 (kPa/L/s) � 1.699 � (0.008 � height) 62 61 0.099
R20 (kPa/L/s) � 1.226 � (0.005 � height) 49 47 0.089
X5 (kPa/L/s) � �0.552 	 (0.003 � height) 15.9 14.4 0.108
Z5 (kPa/L/s) � 1.802 � (0.010 � height) 51 50 0.136
Fres (Hz) � 44.473 � (0.195 � height) 50.5 49.7 3.143
Log AX (kPa/L) � 0.332 � (0.002 � height) 58 57 0.024

Girls
Log R5 (kPa/L/s) � 0.639 � (0.006 � height) 57.5 56.8 0.088
Log R20 (kPa/L/s) � 0.378 � (0.005 � height) 59.1 58.4 0.069
X5 (kPa/L/s) � �0.586 	 (0.003 � height) 55.1 54.1 0.043
Log Z5 (kPa/L/s) � 0.679 � (0.007 � height) 59.9 59.2 0.086
Log Fres (Hz) � 1.555 � (0.037 � age) 41.1 40.1 0.109
Log AX (kPa/L) � 0.892 � (0.106 � age) 49.7 48.8 0.265

IOS � impulse oscillometry system
SEE � SE of the estimate
R5 � resistance at 5 Hz
R20 � resistance at 20 Hz
X5 � reactance at 5 Hz
Z5 � impedance at 5 Hz
Fres � resonant frequency
AX � reactance curve area below zero
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Fig. 3. Regression lines obtained in the present study and the other reference equations for boys and girls. R5 � resistance at 5 Hz, R20 �
resistance at 20 Hz, X5 � reactance at 5 Hz, Fres � resonant frequency.
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Discussion

This study included a sample of healthy Brazilian children
and adolescents age 6–14 y, and the reference equations for
the impulse oscillometry system were obtained considering
the oscillometric parameters measured at 5 and 20 Hz. To
date, there are few publications on the subject in different
countries. More recent work identified by a review by As-
sumpção et al31 include the studies by Park et al,4 Dencker
et al,20 Amra et al,22 Frei et al,24 Kalhoff et al,32 and Wee
et al33. In 2015, most importantly, the study by Gochicoa-
Rangel et al14 was carried out for the Latin American popu-
lation.

In the development of effective equations and reference
values for the different oscillometric parameters, predictor
variables, such as weight, age, height, body mass index,
and body surface area, have often been investigated. Among
them, body surface area is the only variable that has not
been shown to influence the parameters obtained by the
system.23 Height has been identified as the best predictor
factor, possibly because it is associated with a linear in-
crease in lung volume.4,6,20,24,33,34 Similarly to the above
mentioned studies, the reference equations obtained by
the impulse oscillometry system in healthy children and
adolescents in Brazil revealed that height is the variable
with the greatest predictive power among the oscillo-
metric parameters.

Height was the predominant predictor variable in im-
pulse oscillometry system parameters in boys, which may
be explained by the fact that males have larger lung vol-
umes than females. According to the literature, males also
present a disproportionate increase in chest dimensions as
they grow.35 Increased respiratory muscle strength is an-
other male characteristic that may be responsible for higher
dynamic compression of the airways, evidenced by the
lower means presented by boys for FEV1/FVC.36 These
sex differences led us to develop different equations for
boys and girls for each of the impulse oscillometry system
parameters. The highest mean FEV1 was identified in boys
(98.60 � 10.17 vs 94.63 � 9.55) when they showed greater
height than girls (at ages 11–14 y). Most oscillometric
parameters investigated in the present study showed agree-
ment with the results of other publications.4,6,37 Results of
the correlations between oscillometric and anthropometric
variables presented the same behavior pattern, with height,
age, and weight showing negative correlations for R5, R20,
Z5, Fres, and AX and positive correlations with X5.

Also as expected, resistance (R) tends to decrease with
increasing height and age. Such behavior is attributed to
the growth of the child, because resistance is closely linked
to distention of the pulmonary parenchyma and the phe-
nomenon of air passage through the bronchi and bronchi-
oles.38 Therefore, taller and older schoolchildren have in-
creased airway dimension and, consequently, lower

resistance, due to their greater thoracic size.6,20 This be-
havior may also be associated with Poiseuille’s law.39

Another parameter that presents significant increase with
height increase is the respiratory reactance (X). The reason
for this is that taller individuals have different elastic prop-
erties or heterogeneity of central airways.6 Just as all gen-
erations of the bronchial tree are formed at birth and the
number of alveoli increases during growth, height increase
is linked to advancing age and reflects, in part, the increase
in the number of alveoli.40 Similarly to R, X at low fre-
quencies, such as 5 Hz, reflects deeper lung compartments
that include peripheral units of volume and length of the
lung tissues, including the thorax.20

Regarding the Fres and AX parameters, the correlation
between the data and age may be due to the fact that Fres
determines the AX value. The AX area was proposed by
Goldman as an alternative method to assess low-frequency
system capacity, considering a sum of reactance values
that are graphically below Fres. Such low-frequency sig-
nals reflect more clearly the peripheral airway obstruc-
tion.7,24 In older children, the value of Fres also tends to
decrease because this parameter is inversely related to the
size of the airway, aside from being a graphical representa-
tion that enables the identification of obstructive disorders.25,41

Considering the relationship between the oscillometric,
anatomic, physiologic, and anthropometric parameters de-
scribed here, there is a need for more theoretical material
exploring this relationship. With regard to the anthropo-
metric factors, the identification of height as the main
predictor variable for all oscillometric parameters in males
is accompanied by the presence of the Pearson correlation
coefficients (r � 0.39 to r � 0.79), introducing coeffi-
cients higher than weight and age, and of those found in
other investigations. In Frei et al,24 height showed coeffi-
cients of approximately r � 0.58 to r � 0.69 for X5, R5,
R20, Fres, and AX. Height was also identified as the pre-
dictor variable that influenced most impulse oscillometry
system parameters in girls (R5, R20, X5, and Z5).24 For
Fres parameters and AX, age was the variable with the
greatest correlation coefficients, corroborating the findings
of Frei et al,24 in which the relationship between this vari-
able and Fres and AX was greater than for weight and
height.

The study that most closely matches the findings of this
research is the work of Gochicoa-Rangel et al,14 which
analyzed the same age group and included a healthy Latin
American population. The authors found high correlation
coefficients (around 80%), and the age and height vari-
ables were inserted into equations. In this work, the oscil-
lometric parameters R, X, and Fres were numerically higher
than the values resulting from the proposed equations in
the current research, which analyzed Brazilian schoolchil-
dren.
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Accompanying this statistical behavior of the dependent
variables, the described coefficients of determination ex-
plained the model proposed here satisfactorily and with
higher values than the other publications on the subject,
given that the adjusted R2 remained around 46.5% in boys
and 53.2% in girls. It should be noted that the findings of
this research reveal a greater influence of predictive fac-
tors on the impulse oscillometry system parameters than the
results of studies of other nationalities in previous years.

Amra et al22 investigated a similar age group and found
that height and age were the variables best correlated to
the oscillometric parameters. It is important to emphasize
that the relationship between these variables and the im-
pulse oscillometry system data for R5 and X5 presented
the lowest determination coefficients (3–27%). In other
studies, the coefficients ranged from 21 to 43% and from
13 to 30%.22,24

The publications described above relate to schoolchil-
dren; however, more recent studies on the determination of
equations/reference values for the impulse oscillometry
system have investigated even younger populations, such
as preschoolers, due to the ease of application in this age
group.4,31,34 However, these studies have a limitation, which
is low coefficients of determination for the variables
(
20%).4,42

Although studies on the determination of reference equa-
tions for the impulse oscillometry system in children have
included different ages, frequencies, and acquisition times,
most of them have found that height is an influential ele-
ment in preparing the equations. A possible limitation of
this study was the extensive list of criteria that children
had to meet to be considered healthy, which resulted in a
smaller sample. In addition, the study was conducted in
few Brazilian cities, representing the behavior of that pop-
ulation. The reason for this is the lack of impulse oscil-
lometry system devices available in the country and the
fact that this was a pioneer study on the topic.

Conclusions

Reference equations were developed from the impulse os-
cillometry system parameters of children and adolescents,
considering height as the most influential predictor variable
in most oscillometric parameters in such a population.
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tional study of asthma and allergies in childhood: validation of the
rhinitis symptom questionnaire and prevalence of rhinitis in school-
children in São Paulo, Brazil. Pediatr Allergy Immunol 2001;12(2):
95-101.

18. Behl RK, Kashyap S, Sarkar M. Prevalence of bronchial asthma in
school children of 6-13 years of age in Shimla City. Indian J Chest
Dis Allied Sci 2010;52(3):145-148.

19. Brazil Telehealth Program. Ministry of www.telessaudebrasil.
org.br/apps/calculadoras/?page�7. Accessed May 15, 2014.

20. Dencker M, Malmberg LP, Valind S, Thorsson O, Karlsson MK,
Pelkonen A, et al. Reference values for respiratory system imped-
ance by using impulse oscillometry in children aged 2-11 years. Clin
Physiol Funct Imaging 2006;26(4):247-250.

21. Du Bois D, Du Bois EF. Clinical calorimetry: tenth paper a formula
to estimate the approximate surface area if height and weight be

REFERENCE EQUATIONS FOR IMPULSE OSCILLOMETRY

RESPIRATORY CARE • ● ● VOL ● NO ● 9

RESPIRATORY CARE Paper in Press. Published on May 10, 2016 as DOI: 10.4187/respcare.04226

Copyright (C) 2016 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



known. Arch Intern Med 1916;17(6):863-871. doi: 10.1001/
archinte.1916.00080130010002.

22. Amra B, Soltaninejad F, Golshan M. Respiratory resistance by im-
pulse oscillometry in healthy Iranian children aged 5-19 years. Iran
J Allergy Asthma Immunol 2008;7(1):25-29.

23. Malmberg LP, Pelkonen A, Poussa T, Pohianpalo A, Haahtela T,
Turpeinen M. Determinants of respiratory system input impedance
and bronchodilator response in healthy Finnish preschool children.
Clin Physiol Funct Imaging 2002;22(1):64-71.

24. Frei J, Jutla J, Kramer G, Hatzakis GE, Ducharme FM, Davis GM.
Impulse oscillometry: reference values in children 100 to 150 cm in
height and 3 to 10 years of age. Chest 2005;128(3):1266-1273.

25. Bickel S, Popler J, Lesnick B, Eid N. Impulse oscillometry interpre-
tation and practical applications. Chest 2014;146(3):841-847.

26. Polgar G, Weng TR. The functional development of the respiratory
system. Am Rev Respir Dis 1979;120(3):625-695.

27. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A,
et al. Standardisation of spirometry. Eur Respir J 2005;26(2):319-338.

28. Hair JF Jr, Anderson RE, Tathan RL, Black WC. Multivariate data
analysis. 5th edition. Upper Saddle River, New Jersey: Prentice Hall;
1998:148-668.

29. Freund JE, Simon GA. Applied Statistics: economy, administration
and accounting. 9th edition. Porto Alegre, Brazil: Bookman; 2000:
202-536.

30. Dancey C, Reidy J. Statistics without mathematics to psychology:
using SPSS for Windows. 3rd edition. Porto Alegre, Brazil: Artmed;
2006:525-608.
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