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Abstract

Introduction: Thoracoabdominal-TA asynchrony is an important sign of Chronic Obstructive Pulmonary 
Disease (COPD). Studies investigating the influence of endurance training on TA asynchrony have not been 
found. Objective: To analyze lower-limb endurance training effects on TA asynchrony in patients with 
COPD. Materials and methods: Two patients with severe COPD were evaluated in a single-subject design 
AB (A-baseline for six weeks, B-training on cycle ergometer with intensity of 70% of baseline peak load, 
for 12 weeks) with repeated measures of variables: phase inspiratory relation (PhRIB), phase expiratory 
relation (PhREB) and phase angle (PhAng). These variables were assessed by respiratory inductive plethys-
mography during incremental exercise tests on a cycle ergometer (same load and peak load of each test). 
Statistical methods included visual analysis, two-standard deviation band test and split middle line test, 
considering significant p < 0.05. It was considered the results for variables with agreement of at least two 
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analyses. Data are presented as mean ± SD for phases A and B. Results: During phase B, Patient 1 presented 
significant decrease of PhRIB (22.7 ± 3.4 x 17.0 ± 4.9) and PhAng (16.5 ± 5.1 x 13.2 ± 2.1) for same load 
and PhREB (16.8 ± 3.1 x 13.3 ± 3.1) and PhAng (23.4 ± 1.7 x 20.1 ± 2.3) at peak load. Patient 2 showed sig-
nificant decrease of PhRIB for same load and (14.4 ± 3.8 x 13.9 ± 3.9) at peak load (19.1 ± 2.5 x 15.7 ± 2.7). 
Conclusions: These results suggest that lower-limb endurance training reduced TA asynchrony in patients 
with severe COPD. The findings may be related, according to the literature, to the lower ventilatory demand 
and greater exercise capacity of patients with COPD undergoing endurance training. 

 [P]
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 [#]
[B]Resumo

Introdução: A assincronia toracoabdominal (TA) é um importante sinal da Doença Pulmonar Obstrutiva Crônica 
(DPOC). Estudos investigando a influência do treinamento de endurance sobre assincronia TA não foram encon-
trados. Objetivo: Analisar as repercussões do treinamento de endurance dos membros inferiores-MMI sobre a 
assincronia TA em indivíduos com DPOC. Materiais e métodos: Dois pacientes com DPOC grave foram avaliados 
em um estudo experimental de caso único AB (A-baseline por seis semanas, B-treinamento em cicloergômetro com 
intensidade de 70% da carga pico atingida no baseline, por 12 semanas) com medidas repetidas das variáveis: 
relação da fase inspiratória (PhRIB), relação da fase expiratória (PhREB) e ângulo de fase (PhAng). Essas variáveis 
foram analisadas pela pletismografia respiratória por indutância durante testes de exercício incremental em ciclo-
ergômetro (isocarga e carga pico em cada teste). Os métodos estatísticos incluíram análise visual, two-standard 
deviation band e split middle line test, considerando significativo p < 0,05. Foram considerados os resultados com 
concordância de pelo menos duas análises. Resultados: Durante a fase B, o paciente 1 apresentou redução signifi-
cativa da PhRIB (22,7 ± 3,4 x 17,0 ± 4,9) e PhAng (16,5 ± 5,1 x 13,2 ± 2,1) para isocarga e PhREB (16,8 ± 3.1 x 13,3 
± 3,1) e PhAng (23,4 ± 1,7 x 20,1 ± 2,3) na carga pico. O paciente 2 mostrou redução significativa do PhRIB para 
isocarga (14,4 ± 3,8 x 13,9 ± 3,9) e na carga pico (23,4 ± 1,7 x 20,1 ± 2,3). Conclusões: Os resultados sugerem que o 
treinamento de resistência dos MMII reduziu a assincronia TA nos pacientes avaliados. Os resultados podem estar 
relacionados, de acordo com a literatura, com a menor demanda ventilatória e maior capacidade de exercício dos 
pacientes submetidos a um treinamento de endurance.

 [K]

Palavras-chave: Reabilitação. Fisioterapia. Exercícios físicos. Doença pulmonar obstrutiva crônica.

Introduction

An important sign of COPD, related to disease 
severity, is the presence of asynchronous thora-
coabdominal motion (TAM) during the respiratory 
cycle (1-4). Asynchronous TAM can be described in 
two categories: asynchrony, which reflects the delay 
between thoracic and abdominal compartments in 
expansion or retraction and paradoxical movement 
which consists of opposite movement between rib 
cage (RC) and abdomen (AB), also reported as com-
plete asynchrony (5, 6). 

Several studies have assessed TAM in patients 
with COPD (1-3, 5, 7-10). According to the literature, 
these patients present more thoracoabdominal asyn-
chrony compared to healthy subjects, both at rest (5, 
8) and during exercise (9). Exercise may reinforce 

the asynchrony in patients with COPD (7, 9), and the 
presence of asynchronous TAM in these patients was 
associated with higher severity of the disease, in-
creased risk of respiratory failure and worse prog-
nosis (1-3). However, in most of the studies objective 
measurements were not used (1-3, 9).

Another disturbing sign of COPD is the intolerance 
to exercise (11). One of the primary symptoms that 
limits the exercise in patients with COPD is dyspnea 
(11, 12), which can be related to the dynamic hyper-
inflation (4, 12-15).

Dyspnea and exercise capacity limitation form a 
“vicious circle” with social and psychosocial conse-
quences for these patients. Pulmonary rehabilitation 
can interrupt this circle since that the lower-limb 
endurance training can provide important positive ef-
fects in patients with COPD (16-21). However, studies 
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of two bands (Teflon®-coated inductance) used to 
measure the changes in cross-sectional area of the RC 
and AB. Signals were calibrated using the Qualitative 
Diagnostic Calibration (26) and the following vari-
ables were analyzed: 

1- Phase Angle (PhAng): it reflects the delay be-
tween RC and AB excursions and has been studied in 
patients with COPD (5, 7, 8). It ranges from 0° (perfect 
synchrony) to 180° (paradoxical movement) (26). 
This variable has the advantage of incorporating data 
from the whole respiratory cycle, but in the presence 
of irregular or “8 figure” Konno-Mead loops, PhAng 
values may be wrong (27). 

2- Inspiratory Phase Relation (PhRIB) and 
Expiratory Phase Relation (PhREB): express the per-
centage of agreement between RC and AB movements 
directions during inspiratory or expiratory time, re-
spectively. Range from 0% (perfect synchrony) to 
100% (paradoxical movement). These parameters 
have the advantage of quantifying thoracoabdomi-
nal asynchrony at each point of the respiratory cycle 
and of not depending on calculations derived from 
Konno-Mead loops (26). 

3- Cross-Correlation Function (CCF): it determines 
the delay in seconds (s) between the signals of RC and 
AB at each respiratory cycle. CCF equal 0s reflects 
perfect thoracoabdominal synchrony (28). Its calcula-
tion does not depend on Konno-Mead loops (28, 29). 

Intervention

Patients underwent a 12-week exercise training, 
three times per week, on a cycle ergometer at 70% 
(16) – target load – of the mean peak loads achieved 
in baseline tests. The goal was to reach 30 minutes 
of cycling at this intensity. Pedal frequency was main-
tained at 60 rpm. SpO2, BP, HR and perceived exertion 
were evaluated every five minutes. Recovery intervals 
where the workload was decreased to the basal load 
were allowed, according to participant tolerance or 
occurrence of any exercise interruption criterion (23). 

Data reduction

The peak work load was defined as the last load 
at which the participant was able to complete at 
least 20s of pedaling. Plethysmography data pro-
cessing was made by a blinded investigator for the 

addressing the influence of lower-limb endurance 
training on thoracoabdominal asynchrony of patients 
with COPD have not been found.

Materials and methods 

It was conducted a single-subject experimental 
design AB aiming at documenting lower-limb endur-
ance training effects on TA asynchrony in patients 
with COPD. The study consisted of weekly assess-
ments for six weeks (Phase A) followed by lower-limb 
endurance training for 12 weeks with evaluations every 
15 days (Phase B). The University Ethics Research 
Committee approved the protocol and the subjects 
gave informed consent.

Subjects

Two patients with severe COPD (4), negative re-
sults on bronchodilator tests (22), clinical stability, 
aged 73 (participant 1) and 64 (participant 2) years 
old, normal body mass index (BMI), former smok-
ers, without cardiac and metabolic diseases and not 
performing physical exercise on a regular basis. 

Assessment

Patients underwent a maximal incremental symp-
tom-limited exercise test on cycle ergometer (Ergo 
Cycle167, Pirmasens, Germany) consisting of: 1) three 
minutes resting, 2) one minute cycling at the basal bi-
cycle work load (15 watts), 3) 10-watt increments per 
minute until exhaustion or occurrence of any exercise 
interruption criterions (23), 4) three minutes cycling 
at the basal work load. Throughout testing, except 
during the recovery phase, pedal cadence was kept at 
60 rpm. Electrocardiographic signs were monitored 
continuously. Transcutaneous oxygen saturation 
(SpO2), heart rate (HR) and perceived exertion were 
evaluated every one minute, while blood pressure 
(BP) was measured every two minutes.

The respiratory inductive plethysmography 
(Respitrace® 204, NIMS, Miami, FL, USA) was used 
to assess TAM during the incremental exercise tests. 
The accuracy of the plethysmography has been 
evaluated in patients with COPD at rest and during 
exercise (24, 25). This noninvasive system consists 
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Results

Table 1 shows the spirometric and anthropomet-
ric data for the two participants.

Figure 1 (panel I) presents a typical example of 
waveforms at rest (A) and during exercise (B) seen 
through the software (RespEvents, NIMS, USA). At 
rest, the TAM can be considered almost synchronic, 
with delay occurring between thoracic and abdomi-
nal compartments only in some respiratory cycles 
(indicated by dotted lines). During exercise, in ad-
dition to the delay between compartments, it can be 
observed asynchrony within the cycles (indicated 
by arrows). It was also observed that tidal volume 
waveform during exercise was non-sinusoidal and 
irregularities appear to be arising out of the abdomi-
nal compartment. Similar waveforms were observed 
in both participants in all tests. The bottom of Figure 1 
(panel II) shows examples of Konno-Mead loops 
with (a, b and c) and without (d) “8 figure”. 

Table 2 presents TAM data at rest and during ex-
ercise. Comparisons showed significant increases in 
PhRIB, PhREB and CCF during exercise, in both par-
ticipants, without significant differences between the 
two levels of exercise. 

Figure 2 presents charts of TAM variables through-
out the study phases at same load and peak load 
which were used as the basis for Visual Analysis. 
Phase Angle was not analyzed due to the high number 
of respiratory cycles presenting Konno-Mead loops 
with “8 figure”, particularly during exercise. 

Phase Angle was not analyzed due to the high 
number of respiratory cycles presenting Konno-Mead 
loops with “8 figure”, particularly during exercise. 

study phase. In each evaluation, the following peri-
ods were considered: 1) at rest - 30s during steady 
state; 2) same load - the last 30s of the highest load 
tolerated for one minute in all baseline tests (19); 
3) peak load - the last minute before peak load of 
each assessment. 

Respiratory cycles with loops in “8 figure” were 
excluded from PhAng analysis (26). In order to de-
crease data variability, PhRIB and PhREB were sub-
mitted to angle transformation for the data analysis.

Data analysis

Comparisons of TAM among rest and the two levels 
of exercise (same load and peak load) were performed 
using ANOVA for repeated measures. Comparisons of 
TAM between baseline and intervention phases at two 
levels of exercise (same load and peak load) were car-
ried out using three methods: Two Standard Deviation 
Band and Celeration Line tests (30, 31), and Visual 
Analysis, performed by three independent and blinded 
investigators. For assessing the concordance between 
assessors (30), Kappa statistics was used (32). It was 
considered as response to intervention results with 
concordance between Visual Analysis and at least one 
statistical test. 

For statistical tests, the level of significance was 
set at α = 0.05. For ANOVA, Bonferroni correction was 
used, modifying the level of significance to 0.017 (33). 
Kappa statistics and ANOVA were performed using 
the Statistical Package for the Social Sciences (SPSS 
13.0, Chicago, IL, USA). Data are present as mean ± 
standard deviation when appropriate. 

Table 1 - Spirometric and anthropometric data for the two participants

Variables Participant 1 Participant 2

     Spirometric 

FEV1 (% of predicted) * 38.00 38.00

FEV1/FVC (%) * 48.28 50.76

     Anthropometric 

Sex Man Man

Age (years) 73 64

Weight (kg) 59.50 55.10

(Continues)
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Table 1 - Spirometric and anthropometric data for the two participants

Variables Participant 1 Participant 2

Height (m) 1.63 1.65

BMI (kg/m2) 22.39 20.20

Source: Research data.

Notes: FEV1 = forced expiratory volume in first second; FVC = forced vital capacity; * = according to Pereira (39), BMI = body mass index; HAP 

= Human Active Profile; MRC = Medical Research Council. When appropriated, data are reported as mean ± standard deviation.

(Conclusion)
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Figure 1 - Example of typical waveforms at rest (A) and during exercise (B) on panel I, and Konno-Mead loops with "8 figure" 
(a, b and c) and without "8 figure" (d) on panel II

Source: Research data. 

Notes: Vt = Tidal Volume; RC = Rib Cage; AB = Abdomen. The dotted line allows to verify the compartments delay. The arrows indicate 

the irregularities waves.
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Table 2 - All tests mean of asynchronous TAM data at rest and during two exercise levels (same load and peak load) for 
both participants

Variables Rest Same load Peak load

Participant 1

PhRIB (%) 7.10 ± 2.54 19.57 ± 5.06* 22.81 ± 3.80*

PhREB (%) 3.14 ± 1.54 17.16 ± 4.96* 14.88 ± 3.37*

CCF (s) 0.02 ± 0.01 0.10 ± 0.04* 0.12 ± 0.03*

Participant 2

PhRIB (%) 5.12 ± 1.25 13.36 ± 3.69* 17.22 ± 3.03*

PhREB (%) 4.56 ± 1.89 9.49 ± 5.10* 11.18 ± 5.37*

CCF (s) 0.01 ± 0.02 0.10 ± 0.03* 0.09 ± 0.03*

Source: Research data.

Notes: Data are presented as mean ± standard deviation. PhRIB = inspiratory phase relation; PhREB = expiratory phase relation; CCF = 

cross-correlation function; * = statistical significant difference between rest and the two levels of exercise, considering significant  

p < 0.017, according to Bonferroni’s correction.
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Figure 2 - Graphics of TAM variables during baseline (A) and intervention (B) phases at rest, same load and peak loak on the 
two participants studied

Source: Research data.

Notes: PhRIB = inspiratory phase relation in percentage; PhREB = expiratory phase relation in percentage; CCF = cross-correlation 

function in seconds; A = baseline phase with periodic assessments weekly during six weeks; B = intervention phase with periodic 

assessments each 15 days, during 12 weeks.
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variables and for only one variable there was substan-
tial agreement (Kappa from 0.61 to 0.80) (31). 

Discussion

The main results of this study were: 1) Com-
parisons of TAM between baseline and intervention 
phase showed significant decrease in thoracoab-
dominal asynchrony at same load and peak load; 
2) Comparisons between rest and exercise showed 
significant increase in asynchronous TAM at same 
load and peak load, without significant differences 
between these two levels of exercise.

To the best of our knowledge, this study was the 
first one to assess the impact of a lower-limb endur-
ance training program on variables that reflect tho-
racoabdominal asynchrony during exercise in COPD 
patients. Comparisons of TAM variables between 
baseline and training phase showed significant 
decrease in thoracoabdominal asynchrony at two 
levels of exercise. This reduction can be considered 
as a positive impact of endurance training, since 
the presence of asynchronous TAM in patients with 
COPD has been associated with higher severity of 
the disease, increased risk of respiratory failure and 
worse prognosis (1-3). 

Table 3 presents the results regarding Visual 
Analysis, Celeration Line and Two Standard Devi-
ation Band, and the response to intervention of each 
variable at same load and peak load. Participant 1 
showed significant decrease in PhRIB at same load 
and in PhREB at peak load, without significant dif-
ferences in other variables. Participant 2 showed a 
significant decrease in PhRIB and PhREB at same 
load and in PhRIB at peak load. No significant chang-
es were observed in other variables. With respect 
to Visual Analysis, it was observed almost perfect 
agreement (Kappa from 0.81 to 1.00) between two 
of the three examiners for most variables and for 
only one variable there was substantial agreement 
(Kappa from 0.61 to 0.80) (31). 

Table 3 presents the results regarding Visual 
Analysis, Celeration Line and Two Standard Deviation 
Band, and the response to intervention of each variable 
at same load and peak load. Participant 1 showed sig-
nificant decrease in PhRIB at same load and in PhREB 
at peak load, without significant differences in other 
variables. Participant 2 showed a significant decrease 
in PhRIB and PhREB at same load and in PhRIB at 
peak load. No significant changes were observed in 
other variables. With respect to Visual Analysis, it was 
observed almost perfect agreement (Kappa from 0.81 
to 1.00) between two of the three examiners for most 

Table 3 - Response to intervention according to Visual Analysis, Celeration Line and Two Standard Deviation Band during 
same load and peak load

Participant 1 Participant 2

Methods PhRIB (%) PhREB (%) CCF (s) PhRIB (%) PhREB (%) CCF (s)

Same load 
response

↓* --- --- ↓*  ↓* ---

VA ↓ --- --- ↓ ↓ ---

CL ns ↑* ns ↓* ↓* ns

TSDB ↓* ns ns ns ns ns

Peak load 
response

---  ↓* ---  ↓* --- ---

VA --- ↓ --- ↓ --- ↓

CL ↓*  ↓* ns  ↓* ns  ↑*

TSDB ns ns ns ns ns ns

Source: Research data.

Notes: VA = Visual Analysis; CL = Celeration Line; TSDB = Two Standard Deviation Band, PhRIB = phase inspiratory relation; PhREB = phase 

expiratory relation; CCF = cross-correlation function, --- = without change, ↓ = decrease, ↑ = increase, * = statistical significance, 

considering p < 0.05.
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subjects of each study, which can be verified by the 
standard deviation values. This variability may be due 
to the analysis of respiratory cycles based on altered 
Konno-Mead loops since those authors did not report 
the exclusion of “8 figure” Konno-Mead loops dur-
ing PhAng analysis. Thus, a rigorous assessment of 
Konno-Mead loops with exclusion of “8 figures” is an 
important step to be followed in PhAng calculation. 
In the present study, the large number of “8 figure” 
Konno-Mead loops was determinant for the exclusion 
of this variable from data analysis.

Both participants studied increased their peak 
exercise capacity at the end of 12 weeks of training. 
It may be evidenced by the increase in the work load 
reached in the last incremental test when compared 
to mean peak load of baseline tests: 17 and 10 watts 
in participants 1 and 2, respectively. These values 
are in agreement with results observed in previous 
studies (17, 19, 21) and may be related to the im-
provement of the physical performance provided by 
the lower-limb endurance training program. 

Conclusion

Using a single-subject experimental design, the ef-
fects of a lower-limb endurance training program on 
variables reflecting thoracoabdominal motion were 
evaluated in two patients with severe COPD. The re-
sults suggest that despite the exercise augmented the 
asynchrony compared to rest, the endurance training 
program influenced positively the thoracoabdominal 
motion leading to significant decrease in asynchrony 
during exercise in patients assessed.
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