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Abstract

Chronic obstructive pulmonary disease (COPD) includes
emphysema and chronic bronchitis. These different
phenotypes may introduce different characteristics that
need to be known to improve COPD treatment. Thus, the
objective of this study is to identify through the forced
oscillations technique (FOT) the differences in respiratory
mechanics in these phenotypes before and after bron-
chodilator (BD) use. In this cross-sectional study, the
results of a sample of 30 volunteers are presented, being
divided into control group (CG = 10), emphysema
(ENF = 10) and chronic bronchitis (CB = 10). Spiromet-
ric and plethysmographic exams were also performed.
Before BD, resistances were higher in CB than in
controls, a fact that did not occur in a similar comparison
in patients with ENF. It were observed increased
resistances and impedance modulus in CB in comparison
with ENF after BD use, which may be explained by
secretion mobilization due to maximum expiratory effort
during spirometry. These results provide evidence that the
presence of CB results in greater respiratory work than
that resulting from the presence of ENF. This new
information on COPD phenotypes can contribute to
improving the therapeutic strategies used, and conse-
quently, to the assistance offered to these patients. The
presented results also provide evidence that FOT is a

useful tool in evaluation of the COPD phenotypes,
adequately describing the disease’s physiology and
clinical practice.
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1 Introduction

Responsible for approximately 8% of all deaths worldwide,
chronic obstructive pulmonary disease (COPD) has a
prominent role among the countless known respiratory dis-
eases. The result of an abnormal inflammatory response of
the lungs, usually caused by cigarettes, it presents itself
through airflow limitation and comprises known diseases,
such as emphysema and chronic bronchitis [1–3]. With
different clinical manifestations, emphysema can be evi-
denced by the presence of increased lung and residual vol-
ume, chronic dyspnea, in addition to hyperinflation observed
on chest radiography, with greater destruction of the lung
parenchyma [4–6]. The patient with chronic bronchitis, on
the other hand, experiences a productive cough with yel-
lowish secretion and sputum for at least three months for two
consecutive years, and dyspnea on medium exertion. Both
present a long history of smoking [7]. It is known that the
identification of these phenotypes provides a better thera-
peutic strategy [8].

Spirometry is considered the best method for diagnosing
functional respiratory disorders in these patients [9]. How-
ever, it requires great effort and cooperation from the indi-
vidual [10]. Complementary to the spirometry exam, whole
body plethysmography assesses lung volumes and capaci-
ties, making it possible to measure other changes caused by
the development of the disease [11].
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The forced oscillation technique (FOT) is a non-invasive
method based on the application of low amplitude oscil-
lations to the individual’s respiratory system in sponta-
neous breathing [12]. It is currently under discussion
whether FOT evaluates pulmonary mechanics in a more
sensitive and detailed way, compared to spirometry [13–
16]. Previous works by our group have shown that, through
the parameters of reactance and resistance, this method is
able to diagnose changes in the lungs of smokers early and
assess obstructive respiratory disorders in detail, including
parameters reflecting respiratory compliance [17, 18].
Thus, this method has great potential to expand our
understanding of the differences between emphysema and
chronic bronchitis, contributing to improve the treatment of
COPD.

In this context, the objectives of this study were: (1) to
identify possible differences in mechanical changes resulting
from emphysema and chronic bronchitis; (2) to evaluate the
possible differences in the response to the bronchodilator in
these cases.

2 Materials and Methods

FOT, spirometry and plethysmography assessments were
performed at the Biomedical Instrumentation Laboratory at
the State University of Rio de Janeiro. This research is a
cross-sectional study that was approved by the Research
Ethics Committee of the Pedro Ernesto University Hospital
(protocol 456—CEP/2018/HUPE), respecting the guidelines
and regulatory standards established in resolution 466/2012
of the National Health Council (CNS) involving human
beings, also meeting ethical and scientific foundations. All
individuals signed an informed consent form (ICF) on the
study and the examinations performed.

2.1 Analysis of the Individuals

A total of 30 individuals were evaluated. After medical
evaluation through chest X-ray and interview, the individ-
uals were allocated into the respective groups for the study:
10 in the emphysema group (ENF), 10 in the chronic
bronchitis group (CB) and 10 in the control group (CG).
Control consists of individuals over 40 years of age, with no
smoking history, normal pulmonary function tests, and who
had no history of respiratory or cardiac disease.

The use of a bronchodilator (400 lg of salbutamol in a
sulfate spray) was performed after the first sequence of
pulmonary function tests, as a way of quantifying the
reduction in bronchial smooth muscle tone, waiting 15 min
to repeat the same sequence of tests.

2.2 Instrumentation

For the FOT evaluation, the prototype of an impedance
analyzer (OSCILAB 2.0) developed in our laboratory [19]
has been used. The instrument evaluates the parameters from
the resistance (Rrs) and reactance (Xrs) curves of the res-
piratory system in a frequency range between 4 and 32 Hz.
These curves are interpreted by means of R0, which corre-
sponds to the resistance of the intercept and represents the
total resistance of the respiratory system, of the Rm that
reflects the resistance of the central airways, and of the S and
Xm that are related to the homogeneity of the respiratory
system. By calculating the reactance measured at 4 Hz, the
dynamic compliance of the Cdyn respiratory system is
obtained (Cdyn = −1/2p.f.X4Hz). The resonance frequency
parameter (fr) reflects the changes referring to inhomo-
geneity of the respiratory system that reduce compliance [20,
21]. A coherence function >0.90 is used as the test accep-
tance criterion [22, 23].

For spirometry and plethysmography, a computerized
system with a pneumotachograph (nSpire Health, Inc., 1830
Left hand Circle, Longmont, CO 80501) is used, following
the GOLD acceptance and reproducibility criteria [24]. The
Pereira’s reference equations for spirometry were used to
assess the forced expiratory volume in the first second
(FEV1), the forced vital capacity (FVC) and the FEV1/FVC
ratio. For full body plethysmography, Neder’s equations
were used, evaluating the reserve expiratory volume (VRE),
total lung capacity (CPT), functional residual capacity
(CRF) and airway resistance (Rva) [25, 26].

2.3 Statistical Analysis

The results are presented using means ± SD. Statistical
analysis was performed using the ORIGIN 8.0 program
(Microcal Software Inc., Northampton, Massachusetts,
United States). Considering that the groups are relatively
small, a non-parametric test (Mann-Whitney) was used. The
results were considered significant with p < 0.05.

3 Results

The anthropometric characteristics of the groups studied are
shown in Table 1. Table 2 describes the results obtained by
plethysmography. Two patients with CB did not obtain
technically acceptable exams in plethysmographic assess-
ments. The use of BD did not alter the plethysmographic
parameters, both in the ENF and CB groups.

In Table 3, we observed that the pre-BD spirometric
values dropped significantly in patients in the ENF group
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compared to the control group, with the exception of FVC.
A similar analysis in CB showed a significant reduction in
all spirometric parameters. Table 3 also shows that the use of
BD did not significantly change the spirometric parameters
in the three groups studied.

3.1 Resistive FOT Parameters

The changes in R0 and Rm (Figs. 1a, b) were not significant
between the pre and post BD, when compared within the
phenotypes and against the CG. There was a significant
increase in R0 and Rm in CB compared to CG (p < 0.04).

These parameters did not show differences between the ENF
and CB groups before using BD. After using BD, R0 and
Rm were significantly higher in CB (p < 0.05). S (Fig. 1c)
did not change with the use of BD. The ENF and CB groups
showed significantly more negative values than the CG
(p < 0.05), and were not different from each other, both
before and after using BD.

3.2 Reactive FOT Parameters

Xm, Cdyn, fr and Z4 did not change significantly with the use
of BD (Fig. 2a–d, respectively). Xm was more negative in

Table 1 Anthropometric
measurements of the groups
studied

Control (n = 10) ENF (n = 10) CB (n = 10)

Age (years) 55.1 ± 9.5 61.7 ± 4.3 63.5 ± 7.6

Body mass (kg) 78.7 ± 9.0 77.6 ± 22.4 76.71 ± 0.7

Height (cm) 166.7 ± 9.4 168.9 ± 13.1 159.7 ± 8.2

BMI (kg/m2) 28.3 ± 2.9 26.9 ± 5.3 29.0 ± 6.1

Genre (F/M) 5/5 3/7 6/4

SL (packs/years) 0 64.7 ± 43.6 73.0 ± 53.7

BMI Body mass index; SL Smoking Load

Table 2 Plethysmography
measurements of the groups of
patients studied before and after
using BD

ENF (n = 10) CB (n = 8)

Pre BD BD post Pre BD Post BD

ERV (L) 0.7 ± 0.4 0.7 ± 0.4 0.5 ± 0.2 0.4 ± 0.2

RV (L) 3.9 ± 2.4 3.6 ± 2.2 3.4 ± 2.2 3.0 ± 1.4

TLC (L) 7.7 ± 2.7 7.7 ± 2.6 6.3 ± 2.3 6.0 ± 1.5

FRC (L) 4.3 ± 1.8 4.1 ± 1.5 3.7 ± 1.8 3.4 ± 1.1

RAW 2.9 ± 2.8 2.0 ± 1.1 4.8 ± 5.8 4.8 ± 6.7

ERV expiratory reserve volume; RV reserve volume; TLC total lung capacity; FRC functional residual
capacity; Raw airway resistance

Table 3 Spirometric measurements of the groups studied before and after using BD

Control (n = 10) ENF (n = 10) CB (n = 10)

Pre BD BD post Pre BD BD post Pre BD BD post

FEV1 (L) 2.8 ± 0.7 2.9 ± 0.8 1.9 ± 0.9* 2.0 ± 0.9 1.4 ± 0.5** 1.5 ± 0.6

FEV (%) 92.3 ± 11.9 93.6 ± 12.0 82.2 ± 22.2* 84.9 ± 23.6 74.6 ± 24.5** 74.3 ± 20.5

FVC (L) 3.6 ± 0.9 3.5 ± 0.9 3.3 ± 1.3 3.4 ± 1.3 2.4 ± 0.8* 2.4 ± 0.8

FVC (%) 93.2 ± 10.4 90.7 ± 11.5 82.2 ± 22.2 84.9 ± 24.6 74.6 ± 24.5 74.3 ± 20.5

VEF1/CVF 79.3 ± 6.3 82.7 ± 5.6 57.7 ± 9.4** 60.2 ± 6.4 58.2 ± 6.5** 60.3 ± 8.8

PEF (L/s) 7.9 ± 2.8. 15.2 ± 23.5 4.3 ± 2.3* 4.3 ± 2.0 2.5 ± 1.1** 2.7 ± 1.2

FEF 25–75 (L) 3.0 ± 1.2 3.4 ± 1.4 0.9 ± 0.6** 0.9 ± 0.6 0.6 ± 0.2** 0.8 ± 0.3

FEF 25–75 (%) 105.8 ± 35.7 118.4 ± 36.5 32.4 ± 19.7** 35.0 ± 19.1 28.3 ± 11.0** 33.5 ± 16.0

ENF Emphysema; CB Chronic bronchitis; FEV1 Forced Expiratory Volume in the first second; FVC Forced Vital Capacity; PEF peak expiratory
flow; FEF forced expiratory flow; (L) Liters; BD bronchodilator; (%): percentage; *p < 0.05 in relation to the control group; **p < 0.001 in
relation to the control group
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ENF and CB than in controls (p < 0.05), with no difference
between phenotypes (Fig. 2a) before and after BD. Cdyn
showed no differences between the groups studied (Fig. 2b)
and fr was higher in the phenotypes than in the control group
(p < 0.05), with no differences between the phenotypes

(Fig. 2c). Z4 was significantly higher in the CB group com-
pared to the CG (p < 0.05), with no significant changes in the
comparison between the ENF group and the CG before the
use of BD. After using bronchodilator medication, Z4 was
significantly higher in patients with CB (p < 0.04).

Fig. 1 Traditional FOT
parameters in the groups studied.
a R0 = resistance in the intercept,
b Rm = average resistance, c:
S = slope of the resistance curve

Fig. 2 Traditional FOT
parameters in the groups studied.
a Xm = average reactance,
b Cdin—dynamic compliance,
c fr = resonance frequency, d Z4
—impedance at 4 Hz
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4 Discussion

The biometric parameters of the groups under study
(Table 1) did not show significant differences, which
demonstrates the homogeneity of the studied groups.

Whole body plethysmography is indicated as a fast and
effective method to assess obstructive diseases and better
classify ventilatory disorders [25]. COPD patients often have
increased total lung capacity due to loss of elastic retraction
and consequent decrease in the capacity to empty the lungs,
reflecting in greater airway resistance and increased residual
volume. The plethysmography values before and after BD of
the ENF and CB phenotypes (Table 2) are consistent with
the pathophysiology of COPD [27].

The measures used by spirometry for the diagnosis of
COPD such as FEV1 and CFV were within the normal range
in the control group, as expected (Table 3). These parame-
ters showed a significant reduction in the ENF and CB
groups, confirming obstructive pulmonary disease. In addi-
tion, a significant reduction in the PFE value was observed.

The greatest resistances presented by R0 and Rm (Fig. 1a,
b) before BD in CB contrast with the non-significant changes
observed in the ENF. This can be explained, at least in part,
by the physiological changes typical of this phenotype, which
are related to increased bronchial secretion. These results
indicate that this mechanism is more relevant to the increase
in R0 and Rm than the typical reduction in radial retraction
observed in patients with ENF [28].

The changes observed in S before the use of BD (Fig. 1c)
confirmed the loss of homogeneity in ventilation usually
observed in the phenotypes under study [28]. In this case,
both phenotypes showed significant changes in relation to
the control group, without a clear distinction between them.

The mean reactance values (Xm) were more negative in
the phenotypes. According to Cavalcanti et al. [29] the loss
of elastic retraction and destruction of the lung parenchyma
in patients with COPD lead to a decrease in dynamic com-
pliance, which results in more negative Xm values (Fig. 2a)
and lower Cdyn values. In the present study, however, Cdyn
did not change, either in the ENF group or in the CB group
(Fig. 2b). This can be explained by the high standard devi-
ation observed in the results.

The resonance frequency increased in both the ENF and
CB groups (Fig. 2c). This can be explained by the increase
in the non-homogeneity of the respiratory system of these
patients, which occurs due to the increase of imbalances in
the time constants in the different regions of the lungs of
COPD patients [29].

Z4 presented a behavior consistent with that observed in
R0 and Rm (Fig. 2d): the CB phenotype group showed a
significant increase when compared to the CG, while the
ENF phenotype did not show significant change. These

results provide evidence that the presence of CB results in
greater respiratory work than that resulting from the presence
of ENF. This provides additional support for previous
findings in the same direction [1].

Considering the responses resulting from the use of BD,
we observed that the use of this medication did not result in
changes, both in the resistive (Fig. 1) and reactive (Fig. 2)
parameters. Previous studies have also shown no changes in
FOT parameters due to the use of BD in controls [30]. These
results are consistent with those observed in plethysmogra-
phy (Table 2) and spirometry (Table 3), which did not show
changes in the groups analyzed.

The most interesting results are, possibly, the presence of
higher values of R0, Rm and Z4 after the use of BD in
patients with CB, compared to those with ENF (Figs. 1a, b
and 2d, respectively). These results are consistent with the
observation that these parameters were higher in CB than in
controls before BD, a fact that did not occur in a similar
comparison in patients with ENF. One possible explanation is
related to the presence of a greater number of women in the
CB group than in the ENF group (Table 1). Previous studies
using spirometry indicate that female patients respond less to
the use of BD [31]. This explanation, however, does not seem
to be adequate to the results obtained by the FOT, because in
this case the most relevant biometric parameter is the height
[32], and the height was similar between the CB and ENF
groups (Table 1). From the point of view of the difference
between the phenotypes, these findings can be explained by
the greater amount of secretion present in patients with CB
[1]. The spirometry test is performed before using BD and
after using the medication. In the occurrence of efforts, such
as those performed during the spirometry exam, which
requires maximum effort on expiration, there is an increase in
airway resistance due to the mobilization of secretion and a
decrease in lumen [1]. Similar facts do not occur in ENF.
Thus, the mobilization of secretion due to the maximum
expiratory effort during spirometry appears to be a more
plausible explanation for the differences observed in Figs. 1a,
b and in Fig. 2d. Fujimoto et al. [33] investigated the asso-
ciation between phenotypes of COPD patients with or without
predominance of emphysema and the efficacy of long-acting
bronchodilators and b2-agonists. In agreement with the pre-
sent study, the authors observed a greater change in resistance
in the emphysema phenotype than in the phenotype that did
not present emphysema predominance.

5 Conclusions

The results presented provide evidence that respiratory
oscillometry is a useful tool in the diagnosis of changes
caused by different COPD phenotypes. The system
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adequately described the physiology of the disease and
clinical observations. After using BD, airway obstruction
assessed by R0 and Rm is greater in CB phenotype than in
ENF. This increase is reflected in greater respiratory effort in
CB than in ENF, as assessed by Z4. This new information on
the different phenotypes of COPD can contribute to
improving the therapeutic strategies used, and, consequently,
to the assistance offered to these patients.
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