Is optoelectronic plethysmography a valid instrument
to measure inspiratory capacity?
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ABSTRACT | The aim of this study was to evaluate
the concurrent validity of the
(OEP) to

capacity (IC) at rest and during submaximal exercise

optoelectronic
plethysmography measure inspiratory
in healthy subjects. Twelve subjects (6 Male/6 Female;
23.8+1.34 yrs) with normal body mass index and lung
function completed the study protocol. Participants
were assessed at rest and during a 12-minute
submaximal exercise protocol on a cycle ergometer.
IC maneuvers were simultaneously recorded by OEP
system and by a spirometer at rest and during exercise.
The percentage of discrepancy between measurements,
linear regression analysis and Bland-Altman method
were used for data analysis. The study was approved
by the institution ethics committee. It was considered
150 valid IC maneuvers for analysis (44 for resting
and 106 for exercise). The percentage of discrepancy
between the measurements were -9.6 (8.6%) at rest
and -4.6 (5.5%) during exercise. Regression analysis
showed good linear associations between methods at
rest (r2=0.90; p=0.0002) and during exercise (r2=0.96;
p=0.0008). Bland-Altman analysis using data obtained
during exercise showed a bias between the two
methods of 0.13L. The limits of agreement indicate that
the difference between methods can vary from -0.04L
to 0.57L. Additionally, data was equally distributed
between the upper and lower limits, demonstrating no
systematic overestimation or underestimation of the
IC by any of the instruments. In conclusion, this study
demonstrated that the OEP is a valid evaluation system

to measure IC of healthy individuals at rest and during
submaximal exercise.

Plethysmography, Inspiratory Capacity,
Validity of Tests, Exercise Test.

RESUMO | O objetivo deste estudo foi avaliar a validade
concorrente  da pletismografia optoeletrénica (POE)
para medir a capacidade inspiratéria (Cl) de individuos
saudaveis no repouso e durante exercicio submaximo. Doze
voluntarios (6 H/6 M; 23,8+1,34 anos) com indice de massa
corporal e prova de fun¢do pulmonar normais completaram
o protocolo do estudo. Eles foram avaliados no repouso (7
minutos) e durante 12 minutos de exercicio submaximo em
cicloergdmetro. A Cl foi mensurada simultaneamente pela
POE e por um espirébmetro. A porcentagem de discrepancia
entre as medidas, a analise de regressao linear e o método
de Bland-Altman foram utilizados para analise. O estudo foi
aprovado pelo comité de ética em pesquisa da instituicdo.
Foram consideradas 150 manobras de Cl validas para analise
(44 para o repouso e 106 para o exercicio). A porcentagem de
discrepancia entre as medidas foi de -9,6 (8,6%) no repouso
e -4,6 (55%) durante o exercicio. A analise de regressao
linear mostrou associacdes entre os dois métodos no
repouso (r2=0,90; p=0,0002) e durante o exercicio (r2=0,96;
p=0,0008). A analise de Bland-Altman realizada com os
dados do exercicio mostrou viés entre os métodos de O,13L.
Os limites de concordancia mostraram que a diferenca entre
o0s métodos pode variar de -0,04 Lto 0,57 L. Adicionalmente,
0s dados distribuiram-se igualmente entre os limites de
concordancia, sem superestimacdo ou subestimacao
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sistematica da Cl. Em concluséo, o estudo demonstrou que a POE é
um sistema valido para mensuracao da Cl de individuos saudaveis
no repouso e durante o exercicio submaximo.

Pletismografia; Capacidade Inspiratoria; Validade
dos Testes; Teste de Esforco.

RESUMEN | Este estudio tiene como proposito evaluar la
validez de la pletismografia optoelectronica (OEP) para medir
la capacidad inspiratoria (ClI) en sujetos saludables tanto en
reposo como durante ejercicio submaximo. Participaron de este
estudio 12 sujetos (6 hombres y 6 mujeres; 23,8 + 1,34 afios de
edad) con indice de masa corporal y funcion pulmonar normales.
Los participantes fueron evaluados en reposo por 7 minutos vy
durante 12 minutos de ejercicio submaximo en bicicleta estatica.
Se grabaron simultdneamente por la OEP y por un espirémetro
las maniobras de la Cl tanto en reposo como durante el gjercicio.
Se utilizaron el porcentaje de discrepancia en las mediciones, el
andlisis de regresion lineal y el método Bland-Altman para analisis

INTRODUCTION

Measurements are frequently reported without the
description of their characteristics such as reliability
and validity. If those characteristics are not appropriate,
their ability to detect the effect of an independent
variable may be low or nonexistent. Moreover, when
the error measured is large, differences between groups
and changes over time cannot be detected. Therefore,
reporting the characteristics of a measure can improve
the quality of rehabilitation research and clinic
evaluation process’.

Optoelectronic Plethysmography (OEP) is an
instrument able to measure changes in the total volume
of the chest wall and its different compartments
(pulmonary rib cage, abdominal rib cage and
abdomen). OEP uses an optical measurement with
a finite number of displacement points positioned
on the chest wall surface, which allows the detection
of small movements without the need of subject
participation®*. It is a noninvasive method with no
assumption of the number of degrees of freedom of
the chest wall, it does not require using mouthpiece,
nose clip or any device attached to the subject under
analysis and it presents a relatively simple calibration
without

procedure using

23,5

respiratory ~maneuvers

requiring cooperation®*”. This instrument has been
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de datos del estudio, el que fue aprobado por el comité de ética
de lainstitucion. Se considerd 150 maniobras Cl para el andlisis, las
cuales 44 fueron para reposo y 106 para ejercicio. El porcentaje de
discrepancia entre las medidas fue del -9,6 (un 8,6%) en reposo
y del -4,6 (un 5,5%) durante el ejercicio. El andlisis de regresion
lineal mostré asociaciones para los métodos en reposo (r2=0,90;
p=0,0002) y durante el gjercicio (r2 = 0,96; p = 0,0008). Los datos
obtenidos durante el gjercicio utilizandose el andlisis Bland-Altman
mostraron un sesgo de 0.13L entre los métodos. Los limites de
concordancia indicaron que la diferencia entre los métodos puede
tener variacion desde -0.04L hasta 0.57L. Ademas, se distribuyeron
por igual los datos entre los limites de concordancia, los cuales no
mostraron sobreestimacion o subestimacion sistematica de la Cl.
En conclusion, este estudio mostrd que el OEP es un sistema de
evaluacion valido para medir la Cl de sujetos saludables tanto en
reposo como durante ejercicio submaximo.

Pletismografia; Capacidad Inspiratoria; Validez
de las Pruebas; Prueba estatica.

used to assess changes in volume of the chest wall

6% and experimental conditions,

9,10

in different positions
including physical exercise

Regarding the investigation of OEP characteristics,
a study that has recently evaluated the interater and
intrarater reliability of the OEP showed that this system
is a reliable tool to assess volumes of the chest wall in
healthy individuals at rest and during submaximal
exercise with intraclass correlation coeflicient values
above 0.75 and coefficient of variation of method error
below 10%".

'The validity of the OEP to measure volume changes
was evaluated in some studies using the comparison of
tidal volume obtained by this system and by a spirometer
or pneumotachometer. Those studies were conducted
either with patients in intensive care unit settings,
healthy subjects, patients with chronic obstructive
pulmonary disease (COPD) or newborns®**12. Overall,
studies showed good linear relationship between the two
methods evaluated, with r? values greater than 0.89%%%1213,
Additionally, the difference between the volumes obtained

6,8,9,12,13 and

by distinct methods was usually less than 10%
Bland-Altman analysis showed good agreement between
the methods®!2. However, some of those studies evaluated
the validity as a secondary outcome, thus using a small

number of subjects or different protocols for comparison.



From the studies evaluating the validity of OEP,
only one used the inspiratory capacity (IC) maneuver,
published by Vogiatzis et al.” IC consists in the
difference between the total lung capacity and the
functional residual capacity (FRC) and has been mostly
used to assess patterns of hyperinflation than direct
measurements of FRC that needs more sophisticated
techniques'.

Vogiatzis et al.” compared IC maneuvers performed
using a spirometer with others using the OEP system
during quiet breathing, maximal incremental exercise
and recovery without analysing the maneuvers
separately. There are no studies in the literature directing
to investigate the validity of OEP during submaximal
execise using IC maneuvers. Therefore, the aim of this
study was to evaluate the concurrent validity of the OEP
system to measure IC at rest and during submaximal
exercise subjects.

METHODOLOGY
Sample

Seventeen healthy subjects of both sexes were initially
recruited. This methodological study was conducted at
the research laboratory of the university. The following
inclusion criteria were considered: age between 20 and
30 years, body mass index (BMI) with no indication of
obesity (between 18.5 and 29.99kg/m?)¥, no smoking
history, no symptoms of cold in the last four weeks,
no respiratory disorders in lung function according to
the predicted values', no obvious thoracic deformity,
no reported heart disease or neuromuscular disorders
and no orthopedic diseases that could compromise the
physical exercise performance. The exclusion criteria
were inability to understand and/or perform procedures.
The study was approved by the Ethics Committee
(ETIC 0258.0.203.000-10) and all subjects gave written

consent form.
Measurements and procedures

Initially, weight and height of the subjects were
assessed using a calibrated scale and a lung function test
was performed (Vitalograph, Buckingham, England).
Before the test, the spirometer was calibrated using a
graduated one liter pump (Vitalograph, Buckinghan,
England). The OEP system (BTS, Bioengineering,

Milan, Italy) was calibrated and the 89 markers (five
vertical lines, seven horizontal lines, two medium
axillary lines and seven extra markers) were placed on
the chest wall surface of the subject. Markers were
positioned in anatomical structures between the sternal
notch and the clavicles until the anterior superior iliac
crest level. Forty-two markers were placed anteriorly, 37
posteriorly and 10 laterally. This displacement limited
the boundaries between the pulmonary rib cage and the
abdominal rib cage at the level of the xiphoid appendix
and between the abdominal rib cage and the abdomen
along the costal margin anteriorly and at the lowest
point of the costal inferior margin posteriorly’.

Data collection with the OEP was conducted in two
different conditions: seven minutes of quiet breathing
and twelve minutes of exercise on a cycle ergometer
where the intensity was 50% of peak workload
predicted for the age'’. Subjects used a mask in which
a pneumotach type Pitot tube was set. The mask was
positioned adequately to avoid leaks. Participants were
asked to perform 4 to 5 IC maneuvers after 7 minutes
of quiet breathing, recorded simultaneously in the
OEP and in the spirometer (slow vital capacity) of a
gas analysis system (CPX Ultima, Miami FL, USA).
During the exercise, IC maneuvers were required after
2 minutes of stabilization at the target load. At least
10 maneuvers per individual were assessed on the test.
The gas analysis system was calibrated before the test
by a three-liter pump (Hans Rudolph, St. Paul, MN,
USA).

Before
were explained to participants and practiced until

placing the markers, IC maneuvers
reproducible efforts were obtained (<10% for the largest
acceptable value)'. After 4-6 stable breath cycles,
subjects were instructed to take a deep breath in and
verbal encouragement was given to promote a maximal
effort’”®. The maneuver was completed with a normal
non forced expiration”. Data collection followed the
recommendations of the American Thoracic Society
(ATS) for exercise test using gas analysis metabolic
system®™. Subjects were instructed not to perform
physical activity 12 hours before tests*'.

IC maneuvers were not acceptable in case of
drift, when changes in breathing pattern occurred
immediately before the maneuver or when there were
irregularities in IC curve. Maneuvers were performed at
rest and during exercise and they were only submitted
to analysis when they presented a difference less than
10% compared to the highest value obtained.
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Variables Analyzed

Values of IC measured by the OEP (IC_,) were
compared with those measured by the spirometer

(IC

SPIROMETER) :

STATISTICAL ANALYSIS

Descriptive analyses were used to characterize
the sample. The percentage of discrepancy between
measurements, linear regression analysis and Bland-
Altman method were used to compare the IC values
obtained by OEP and by the spirometer.

'The percentage of discrepancybetween measurements
was calculated by the following formula”®1%12;

% of discrepancay = IC

SPIROMETER

IC ., X 100

1C

SPIROMETER

A linear regression equation was determined
considering the IC from OEP as a dependent variable
(Y) and the IC from the spirometer as an independent
variable (X)?.

To use the Bland-Altman method it is necessary to
have a sample size calculated considering the accuracy of
the bias and limits of agreement, because, as the clinical
decision should be based on limits of agreement, it is
important that they are accurate. Therefore, a sample
size of approximately 100 subjects is recommended,
which provides a confidence interval around +0.34
standard deviation®**.

The SPSS version 15.0 was used to calculate the
linear regression analysis. The Bland-Altman analysis
was performed using the GraphPad Prism 5.

RESULTS

Initially, 17 subjects were evaluated, however,
5 presented abnormal lung function test and were
excluded. 'Therefore, the data of the remaining
12 subjects were analyzed. Table 1 presents the
demographic, anthropometric and spirometric data of
the individuals.
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Table 1. Demographic, anthropometric and spirometric data of
the individuals studied

VARIABLES X (SD)

GENDER 6F/6M
AGE (years) 23.8(134)
BMI (kg/m?) 223(182)
FEVI (L) 3.7(078)
FEV1 (% pred) 93.6 (76)
FVC (% pred) 914 (6.04)
FEVI/FVC 0.86 (0.06)

Data presented as mean (X) and standard deviation (SD)

M: male; F: female; BMI: body mass index; FEV,: forced expiratory volume in one second; FVC:
forced vital capacity

At rest, a total of 99IC maneuvers were collected
and 56% were excluded due to irregularities. Therefore,
44 maneuvers were included in the statistical analysis.
During exercise, a total of 200IC maneuvers were
evaluated but 47% were excluded, therefore, 106
maneuvers were analyzed.

Figure 1 shows the results for the regression
analysis of the IC values obtained with the OEP
and the spirometer at rest. The r* observed was of
0.90 (p=0.0002) for the related regression equation:
Clp=1.16x(IC, p ovprpr)~0-15. The percentage of
discrepancy between the measurements at rest was -9.6

(8.6%).

Inspiratory Capacity (IC) at rest

ICOEP

O oo M W M U
'-si\
[ |

IC

SPIROMETER

Figure 1. Results of regression analysis for inspiratory capacity
obtained by OEP (ICOEP) and by spirometer (ICSPIROMETER)
at rest

Figure 2 shows the results for the regression
analysis of the IC values obtained for OEP and the
spirometer during exercise. The 12 observed was of
0.96 (p=0.0008) regarding the regression equation:
1.01xICOEP(ICSPIROMETER)+0.10.The
percentage of discrepancy between the measurements

was -4.6 (5.5%).



Inspiratory Capacity (IC)
during exercise

ICOEP
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Figure 2. Results of regression analysis for inspiratory capacity
obtained by OEP (ICOEP) and by spirometer (ICSPIROMETER)
during exercise

Figure 3 presents the results for the Bland-Altman
analysis of IC values obtained during exercise and
showed bias between methods of 0.13L. The limits of
agreement indicate that the difference between the
measures carried out by OEP and measurements made
by the spirometer can vary from -0.04 L to 0.57 L.
Additionally, the data was equally distributed between
the upper and lower limits, thereby demonstrating
that there was no systematic overestimation or
underestimation of the IC by any of the instruments
used.

UL = upper limit
b LL = lower limit

0 1 2 3 4 5
(ICOEP-ICSP) /2

Figure 3. Bland-Altman plot for inspiratory maneuvers obtained
by OEP (ICOEP) and by the spirometer (ICSP)

DISCUSSION

This study aimed to verify the concurrent validity
of the OEP system comparing IC maneuvers analyzed
by this instrument and by the spirometer at rest and
submaximal exercise. The coeflicients of determination
found were of high magnitude (>0.90) and the
percentage of discrepancy between the methods was

usually less than 10%. The Bland-Altman analysis of

values obtained during exercise showed a bias between
measurements of 0.13 liters and none of the instruments
tended to systematically overestimate or underestimate
the values of IC.

'The concurrent validity of the OEP was assessed by
IC measurements. Tidal volume was not considered,
as a pneumotach system synchronized with the OEP
was not used. Only in one study the concurrent validity
of the OEP was evaluated by IC maneuvers. Vogiatzis
etal.’ compared IC measured by the OEP with the ones
obtained by a pneumotachometer in 20 patients with
COPD. Regression analysis was performed considering
the IC maneuvers obtained at rest and during
incremental exercise on a cycle ergometer and resulted
in the equation: IC,,=0.65(IC, . svprer)+0-52, with
r? of 0.89. The percentage of discrepancy between the
methods was 3.8 (1.8%). Differences in the experimental
protocol in this population as well as the instrument
used to measure the IC (a spirometer and mouthpiece
in the study by Vogiatzis et al.” and a metabolic system
gas analysis using a pneumotachometer type Pitot tube
and mask in the present study) make the comparison
between the studies difficult although both studies
showed r? higher than 0.80. Additionally, the maneuvers
of IC obtained at rest and during different phases of the
exercise were evaluated together and the authors did
not provide the number of IC maneuvers included in
the analysis.

Bland-Altman analysis was done only with the 106
IC maneuvers obtained during exercise given that at
least 100 measurements are recommended to achieve

reliable results?>#*

. Regarding this analysis, the results
of this study are similar to the ones observed by Aliverti
et al®. These authors observed that the measurement
of lung volumes by OEP did not introduce systematic
error to the measured values compared to the volumes
obtained by a spirometer in healthy subjects evaluated
at rest in the supine position. However, unlike the study
by Aliverti et al.®, in which this analysis was conducted
for the tidal volume, in this study, it was calculated
considering the IC values.

The discrepancy between the IC values obtained
by the OEP and the gas analysis system observed in
this study may be due to different potential sources
of variation that should be considered as variations
in humidity, pressure and temperature of the gas
between the lung and the spirometer®®. Furthermore,
the OEP measures changes in the chest wall, while
the spirometer measures lung gases. Therefore, these

159



changes may not necessarily be the same in both
methods, because there can be displacement of blood
trom the chest and/or abdomen to the periphery and
vice versa, which are measured by OEP®*? but not by
the spirometer.

CONCLUSION

The results of this study demonstrate that the OEP
is a valid evaluation system of healthy individuals at
rest and during exercise regarding IC maneuvers. The
OEP system has been extensively used in many studies,
and reporting the characteristics of this instrument
can contribute to improve the quality of rehabilitation
research. Further studies are important to assess if
similar results will be obtained in populations with
cardiopulmonary dysfunction.
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