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Abstract

Objective: To analyze the effect of arm bracing posture on respiratory muscle strength and
pulmonary function in patients with Chronic Obstructive Pulmonary Disease (COPD).

Methods: 20 patients with COPD (11 male; 67 £ 8 years; BMI 24 + 3 kg- m~?) were submitted to
assessments of Maximal Inspiratory and Expiratory Pressures (MIP and MER respectively) and
spirometry with and without arm bracing in a random order. The assessment with arm bracing
was done on standing position and the height of the support was adjusted at the level of the
ulnar styloid process with elbow flexion and trunk anterior inclination of 30 degrees promoting
weight discharge in the upper limbs. Assessment without arm bracing was also performed on
standing position, however with the armsrelaxed alongside the body. The time interval between
assessments was one week.

Results: MIE MEP and maximal voluntary ventilation (MVV) were higher with arm bracing than
without arm bracing (MIP 64 + 22 cmH,O versus 54 + 24 cmH,0O, P=,00001; MEP 104 + 37 cmH,0O
versus 92 = 37 cmH,O, P=.00001, and MVV 42 £ 20 L/ min versus38 + 20 L/ min, P=.003). Other
variables did not show statistical significant difference.

Conclusion: The arm bracing posture resulted in higher capacity to generate force and endurance
of the respiratory musclesin patients with COPD.

© 2009 Published by Hsevier Espana, SL. on behalf of Sociedade Portuguesa de Pneumologia.

All rights reserved.
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PALAVRAS-CHAVE
Extremidade superior;
Misculos
respiratorios;
Espirometria;

Doenga pulmonar
obstrutiva crénica

Efeitos do apoio dos membros superiores sobre a forca muscular respiratoria
e funcao pulmonar de pacientes com doenca pulmonar obstrutiva cronica

Resumo

bjetivo: Analisar o efeito do apoio de membros superiores sobre a forga muscular respiratéria
e fungao pulmonar de pacientes com Doenga Pulmonar Obstrutiva Crénica (DPOC).

Meét odos: Vinte pacientes com DPOC (11 homens) com idade de 67 = 8 anos e IMC 24 + 3 Kg- m—=2,
foram submetidos a avaliagbes de Pressdo Inspiratéria e Expiratéria Maximas (Pimax e PEmax,
respectivamente) e espirometria com e sem apoio dos membros superiores em ordem aleatéria.
A avaliagdo com apoio dos membros superiores foi realizada em posigao ortostatica, com o
apoio dos membros superiores na altura do processo estiléide da ulna, flexdo de cotovelos e
tronco inclinado a frente, ambos em aproximadamente 30 graus, de modo a promover descarga
de peso em membros superiores. A avaliagdo sem apoio de membros superiores foi realizada
também em posicéo ortostatica, porém com os membros superiores relaxados ao lado do corpo.
Ointervalo entre as avaliagdes foi de uma semana.

Resultados: A PImax, PEmax e Ventilagdo Voluntaria Maxima (VVM) foram maiores com a
utilizagdo do apoio do que sem o apoio (PImax 64 + 22 cmH,0 versus54 + 24 cmH,O, p = 0,00001;
PEmax 104 + 37 cmH,O versus 92 + 37 cmH,O, p = 0,00001 e VVM 42 + 20 L/ min versus
38 £ 20 L/ min, p = 0,003). As demais variaveis ndo apresentaram diferengas estatisticamente
significantes.

Conclusdo: O apoio de membros superiores resultou em maior capacidade de gerar forga e
endurance dos musculos respirat 6rios em pacientes com DPOC.

© 2009 Publicado por Hsevier Espafa, SL. em nome da Sociedade Portuguesa de Pneumologia.

Todos os direitos reservados.

Introduction

Gravity force and length variations observed in respiratory
muscles according to several postures of the human body
determine activity differences of these muscles. ' For
example: Banzett et al.2 showed that arm bracing posture
with anterior trunk inclination (forward-lean position)
results in higher ventilatory capacity in normal subjects.
As an explication, Solway et al.® suggest that lean forward
position plus arm bracing posture enables arm and shoulder
girdle musclesto act more effectively asbreathing accessory
muscles. Due to produced tension-muscle length relation,
the forward-lean position increases the diaphragmatic fibers
length, improving its function, and even reducing dyspnea
sensation in patients with Chronic Obstructive Pulmonary
Disease (COPD).

Improvement of respiratory musclesfunction may increase
exercise tolerance and agility of activities of daily living
(ADL). 5 Individuals with COPD when submitted to walking
tests, improve their oxygen saturation, ventilatory capacity
and reduce their dyspnea perception when they use a
rollator (which provides support for the arms),®¢7 apart from
a more efficient walk.® Abovementioned studies®*®” suggest
that higher variables with the arm bracing posture occurred
due to improvement in efficienty of the respiratory muscles;

nevertheless, these studies did not assess whether there is
difference on the respiratory muscles capacity to generate
force when arms are supported. In such case, the objective
of thisstudy wasto assessthe effects of arm bracing posture
on respiratory muscle strength and pulmonary function in
patients with COPD on the standing position.

Material and methods

In a convenient sample, 20 patients with COPD were
recruited. All individuals were clinically stable, between
55 and 85 years old and classified as GOLD II-1V.8 Exclusion
criteriawere: patientswho could not stay on the determined
postures (stand up position and arm bracing posture) or
patients who had an exacerbation between the first and
second assessments. The study was approved by the local
ethical committee of Universidade Estadual de Londrina.
All patients signed a written informed consent which was
obtained before starting the assessments.

Patients were submitted to spirometry and maximal
respiratory pressure assessments with and without arm
bracing in a random order (concealment allocation) with
1-week interval between the two measurement moments.
Assessment without arm bracing was performed on standing
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position with the arms relaxed alongside the body. In the
assessment with arm bracing, the height of the support
was adjusted at the level of the ulnar styloid process with
elbow flexion and trunk anterior inclination of 30 degrees
(forward-lean position) promoting weight discharge in the
upper limbs.®

Sirometry: Lung function test was performed with
the Pony FX (COSMED SRL, Rome, Italy) according to
American Thoracic Society/ European Respiratory Society
recommendations. ® Normal values were proposed by
Knudson et al. ' Patients were instructed for the postures
(with and without arm bracing) and performed three
maneuvers of slow vital capacity (SVC), three forced vital
capacity (FVC) maneuvers and three maximal voluntary
ventilation (MVV) maneuvers. For a better accuracy of SVC
data [expired volume (VE) and inspiratory time / total time
relation (Ti/ Ttot)], individuals had to rest for 2 minutes,
before and between the maneuvers, while remaining on the
ideal test posture.

Maximal respiratory pressures: Adigital manuovacuometer
(MVD-500 V. 1.1, Microhard System, Globalmed, Porto Alegre,
Brazil) was used, whereas for data analysis the AQDADOS 4
(LYNX) was utilized. Individuals were instructed concerning
the postures (with and without arm bracing) and performed
ten maximal inspiratory pressures (MIP) maneuvers and
ten maximal expiratory pressures (MEP) maneuvers.'" MIP
was measured near residual volume and MEP near total
lung capacity. 2 The predictive values were those of Neder
et al. " The two technically best results which presented a
reproducibility equal or under 5%were analyzed and the
best of them was taken. '

For statistical analysis, the Shapiro Wilk test was
performed to evaluate data distribution. As studied
variables (MIR MER SVC, FVC, MV, FEV,, Ti/ Ttot and VE)
presented normal distribution, student t test was used for
differences between with and without arm bracing postures.
For all statistical analysis, Pvalues< .05 were considered as
significant.

Results

Twenty patients were submitted to the assessments and
there were no exclusions. The baseline characteristics are
presented on Table 1.

The mean MIP of the group (without arm bracing) shows
a characteristic of inspiratory muscle weakness (MIP below
70 %predict) ' whereas man MEP was normal (100 + 38%
predict). When patients performed with arm bracing mean
MIP was 72 + 23 %predict, not characterizing inspiratory
muscle weakness anymore.

MIP values were higher with arm bracing than without
arm bracing (64 + 22 cmH,O with arm bracing versus
54 + 24 cmH,O without arm bracing; P=.00001) (Table 2).
Relative Difference Mean (RDM) of MIPwith and without arm
bracing (RDM %= [MIP with arm bracing —MIP without arm
bracing]/ MIP with arm bracing) was 26% Seventeen out of
the twenty individuals (85% had higher inspiratory muscle
strength with the arm bracing posture.

Likewise MIP, MEP was also higher when patients were
assessed on arm bracing posture (104 £ 37 cmH,O with
arm bracing versus 92 + 37 cmH,O without arm bracing;

Table 1 Baseline characteristics

Characteristics

Gender (M W) 11/9
Age, years 62+ 11
Weight, kg 1.62+ 0.1
Height, m 24+ 3
BMI, kg - m=2 67 +8
FEV,, %pred) 39.2+ 16

BMI indicates body mass index; FEV,, forced expiratory volume
in the first second; M, men; W, women.

Data are presented as mean + standard deviation, except
gender.

Table 2 Differences between variables with and without
arm bracing

Arm bracing No arm bracing Pvalue
MIP (cmH,0) 64 + 22 54 +24 .00001
MEP (cmH,O) 104 + 37 92 + 37 .00001
SVC (L) 1.84+£0.5 1.75+£0.5 .09
FVC (L) 1.84+0.6 1.75+£ 0.6 .07
VE (LY MIN) 9.8+ 2.6 10+ 3.6 .56
FEV, (L) 14£0.5 0.95+0.5 .18
MWV (LY min) 42 + 20 38 + 20 .003

FEV, indicates forced expiratory volume in the first second;
FVC, forced vital capacity; MEP maximal expiratory pressure;
MIP maximal inspiratory pressure; MVV, maximal voluntary
ventilation; SVC, slow vital capacity; VE, expired volume.
Data are presented as mean + standard deviation.

P=.00001) (Table 2). Eighteen of the twenty individuals
(909 had higher expiratory muscle strength with the
arm bracing posture. RDM of MEP with and without arm
bracing (RDM%-= [MEP with arm bracing —MEP without arm
bracing]/ MEP with arm bracing) was 15%

MVV values followed the same pattern as maximal
respiratory pressures, i.e., higher when patients were
assessed on arm bracing posture (42 £ 20 L/ min with
arm bracing versus 38 = 20 L/ min without arm bracing;
P=.003) (Table 2). RDM of MVV with and without arm
bracing (RDM %= [MVV with arm bracing —MVV without arm
bracing]/ MVV with arm bracing) was 15%

For the remaining variables (SVC, FVC, VE, FEV, e TI/ Ttot)
there were no significant differences between values with
and without arm bracing (SVC P=.09; FVC P=.07; VE
P=.56; FEV, P=.18 and Ti/ Ttot P=.70).

Discussion

The present study showed that arm bracing posture enables
respiratory musclesto abetter capacity to generate maximal
force and endurance in patients with COPD. For the first
time, respiratory muscle strength and pulmonary function
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of individuals with COPD were assessed on standing position
plus arm bracing. Adoption of similar posture has already
been used in studies with patients with COPD walking with a
rollator.38 In these studiesthere was an increase in 6-minute
walking distance and oxygen saturation, an increase in
ventilatory capacity and/ or walking efficiency in individuals
with COPD, specially in those more severe disease.

The forward-lean position for dyspnea relief (anterior
trunk inclination and arm bracing) has been reported
as a posture that improves diaphragmatic function® by
reducing abdominal muscle tension' and providing arm
and shoulder girdle muscles to act more effectively as
breathing accessory muscles. ®'” Kera and Maruyama'
mention that pectoralis major and minor (muscles that lift
the rib cage up) and serratus anterior are easily activated
when arms are supported. Moreover, these authors
described that the behavior adopted by individuals with
COPD when feeling dyspnea (anterior trunk inclination plus
arm bracing posture) is not related just to the increase
of these inspiration accessory muscles activity, but it is
also related to expiratory muscles either, as the external
oblique abdominis. These researchers mentioned a higher
activity of these muscles, as much on expiratory effort
ason inspiratory effort, when arms were supported. The
higher capacity to generate inspiratory and expiratoy force
has great importance to patients with COPD, and both
(inspiratory and expiratory muscles) are involved on this
weakness. '8

MEP findings in this study contrast with observations done
by O Neill and McCarthy. * These researchers measured
maximal respiratory pressures of patients with COPD and
healthy individuals at five different postures, including
forward-lean position (sitting), and they did not find
significant differences among MEP values on these positions.
However, they did not evaluate arm bracing posture on
standing position.

Concerning MVV, the present results were similar to those
from Solway et al.® and Probst et al.,® also in patients with
COPD, which showed higher MVV values with the arms
supported. Thisis explainable because the MVV maneuver
is specific to evaluate respiratory muscle weakness, '® one
of the main characteristics in individuals with COPD. Snce
these patients perform higher maximal respiratory pressures
with arm bracing posture it might be expected that they can
perform higher MVV either.

The higher capacity of respiratory muscles to generate
force and endurance at the arm bracing posture explains,
at least in part, the findings of previous studies which
demonstrated the use of wheeled walking aids as generating
increase in walking distance, oxygen saturation, dyspnea,
ventilatory capacity and walk efficiency in individuals with
COPD.*87 This can be a hypothesis to explain the dyspnea
relief in these individuals when they remain with their arms
stabilized. 1617

Alimitation of the present study isthat it does not have
electromyographyc data to prove a higher muscular activity
at the arm bracing posture. Kera and Maruyama' showed
data of a higher abdominal muscle activity at the arm
bracing posture, but it is known that a lot of other muscles
are involved on inspiratory and expiratory movements, such
as some shoulder girdle and rib cage muscles. This can be
the topic for future studies.

Results of the present study demonstrated that arm
bracing posture on standing position resulted in higher
values of maximal respiratory pressures and respiratory
muscle endurance in patients with COPD, without volume,
flow and lung capacity changes. The effects of arm bracing
posture on respiratory muscle function (as shown in this
study) points out to the fundamental importance of this
posture on rehabilitation programs of individuals with
COPD. Therefore, we suggest a more frequent use of this
posture as a coadjuvant strategy for physical training in
these patients.
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