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OBJECTIVE: Chronic airflow limitation (CAL) is a
significant cause of illness and death. Inspiratory muscle
training has been described as a technique for managing
CAL. The aim of the present study was to evaluate the
effectiveness of inspiratory muscle training on improving
physiological and functional variables.

PATIENTS AND METHODS: Randomized controlled trial in
which 35 patients with CAL were assigned to receive either an
experimental (n=17) or control (n=18) intervention. The
experimental intervention consisted of 2 months of inspiratory
muscle training using a device that administered a resistive
load of 40% of maximal static inspiratory mouth pressure
(PL,,). Inspiratory muscle strength, exercise tolerance,
respiratory function, and quality of life were assessed.

REsuLTs: Significant improvement in inspiratory muscle
strength was observed in the experimental training group
(P=.02). All patients improved over time in both groups
(P<.001). PI,  increased by 8.9 cm H,O per month of
training. Likewise, the health-related quality of life scores
improved by 0.56 points.

ConcLusION: Use of a threshold loading device is effective
for strengthening inspiratory muscles as measured by PI
after the first month of training in patients with CAL.
The long-term effectiveness of such training and its impact
on quality of life should be studied in a larger number of
patients.

Key words: Health-related quality of life. Chronic airflow
limitation. Respiratory rehabilitation. Respiratory muscles.
Randomized controlled trial.

Efecto del entrenamiento muscular inspiratorio
sobre la fuerza muscular y la calidad de vida
en pacientes con limitacion crénica del flujo
aéreo. Ensayo clinico aleatorizado

OBJETIVO: La limitacion crénica del flujo aéreo (LCFA) es
causa importante de morbimortalidad. Para su manejo se
describe la rehabilitacion pulmonar, que incluye el entrena-
miento muscular inspiratorio. El objetivo del presente estu-
dio fue evaluar la efectividad del entrenamiento muscular
inspiratorio par mejorar variables fisiologicas y funcionales.

PACIENTES Y METODOS: Ensayo clinico controlado y aleato-
rizado en 35 pacientes con LCFA, de los que 17 recibieron
una intervencion experimental y 18 una de control. La inter-
vencion experimental consistio en un programa de 2 meses
de entrenamiento de misculos inspiratorios usando un dis-
positivo que administraba una resistencia de un 40% de la
presion inspiratoria maxima. Se evaluaron la fuerza muscu-
lar inspiratoria, la tolerancia al ejercicio, la funcién respira-
toria y la calidad de vida.

ResuLTADOS: El tratamiento experimental mostré una
mejoria significativa en la fuerza muscular inspiratoria (p =
0,02). Todos los pacientes mejoraron a lo largo del tiempo
independientemente del tratamiento experimental (p <
0,001); la presion inspiratoria maxima aumenté en 8,9
cmH,O por mes de entrenamiento; asimismo, hubo un au-
mento de 0,56 puntos en el cuestionario que evalué la cali-
dad de vida relacionada con la salud.

CoNCLUSION: La utilizacion especifica de un dispositivo de
carga umbral es efectiva en el fortalecimiento muscular ins-
piratorio, medido a través de la presion inspiratoria maxima,
al primer mes de entrenamiento en pacientes con LCFA. Es
necesario estudiar su efecto a largo plazo y su impacto sobre
la calidad de vida en un mayor nimero de pacientes.

Palabras clave: Calidad de vida relacionada con la salud.
Limitacion crénica del flujo aéreo. Rehabilitacion pulmonar.
Miisculos respiratorios. Ensayo clinico.
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Introduction

Chronic airflow limitation (CAL) is an important
cause of morbidity and mortality throughout the world
and its incidence has risen as smoking and life
expectancy have increased. In Chile, 20% of deaths due
to respiratory diseases are from chronic obstructive

Arch Bronconeumol. 2005;41(11):601-6 601



SERON P, ET AL. EFFECT OF INSPIRATORY MUSCLE TRAINING ON MUSCLE STRENGTH AND QUALITY OF LIFE
IN PATIENTS WITH CHRONIC AIRFLOW LIMITATION: A RANDOMIZED CONTROLLED TRIAL

pulmonary disease (COPD), the main cause of CAL;
COPD causes an average of 1600 deaths every year in
the country.!

CAL causes physical changes and apart from
experiencing mechanical inconveniences, many patients
are unable to enjoy life fully because of breathing
difficulties and the inactivity imposed on them by
symptoms.”> As a result, a primary objective in the
management of these patients is to improve health-
related quality of life (HRQL).>*

Respiratory rehabilitation plays a fundamental role in
the management of patients with CAL, contributing to
social reinsertion and improved quality of life.
Respiratory rehabilitation programs have various
components, and it is difficult to distinguish the relative
importance of each of them in the light of available
evidence.”® Among the components are general health
care, respiratory health care (bronchial drainage, assisted
coughing, etc), exercise in general, functional training,
education, psychosocial training,* optional ventilatory
assistance, noninvasive ventilation, and home health care.?

The potential role of respiratory muscle weakness
and possible fatigue as a cause of CAL and respiratory
failure in patients with chronic airway disease has led to
the introduction of muscle training in rehabilitation
programs. Several studies on inspiratory muscle
training have demonstrated small differences in
physiological parameters and symptoms.®'® The results
have been contradictory and have depended on the
mode of resistance applied and intensity of exercise.
Nevertheless, it has been asserted that training with a
substantial inspiratory resistive load and a controlled
breathing pattern can lead to evident improvements in
strength, exercise tolerance, and dyspnea, with a
resulting reduction in discomfort during activities of
daily living, increased functional capacity, and
improved quality of life.!>!1415

In this context, the present study aimed to determine
the effect of inspiratory muscle training with a
controlled flow rate on a) inspiratory muscle strength,
b) exercise tolerance, c¢) respiratory function, and d)
HRQL in patients with CAL.

Patients and Methods
Design

In this controlled clinical trial patients were assigned to an
experimental or control group by randomization from blocks
of varying sizes. An independent person who did not
otherwise participate in the study took charge of the
randomization process. The patients were studied for a period
of 2 months. Patients, supervisors, and persons charged with
taking measurements were blinded to group assignment.

Subjects

A consecutive sample of patients was established for
distribution. The sample included men and women, patients
over the age of 20 years with CAL being monitored and
treated at the Department of Pulmonary Medicine and
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Tuberculosis of the Diagnosis and Treatment Center of the
city clinics of Temuco, Chile. The patients all had a forced
expiratory volume in the first second (FEV,) less than 80% of
the predicted value; they had all been informed of the nature
of the study and had given their signed consent. Patients were
excluded if they were clinically unstable as indicated by the
need for emergency care or hospitalization in the month
before enrollment in the study. Patients were also excluded if
they were unable to perform the experimental maneuver or
any maneuver necessary for the outcome measures, whether
because of inability to understand the instructions or because
of osteomuscular problems. Also excluded were patients with
incapacitating heart disease (recent acute myocardial
infarction, functional class IV heart failure, unstable angina).
The research protocol was approved by the ethics committee
of the Regional Hospital of Temuco.

Outcome Measures

Inspiratory muscle strength was assessed by maximal
inspiratory pressure (PI ). This measurement, which is
widely used for the purpose, has the advantage of being the
simplest, oldest, and most useful way to measure respiratory
muscle strength,'” and it is also noninvasive. Additionally,
reference values are available for adults and children.'® To
determine PI__, the patient was asked to take a normal breath
and insert the mouthpiece at the moment he or she finished
exhaling the tidal volume; then the patient made a maximal
inspiratory effort lasting at least 2 seconds, against the closed
valve. The highest value of PI__in 3 reproducible maneuvers
was recorded.!”8

Exercise tolerance was evaluated during a 6-minute walk
test carried out according to the protocol of Sciurva and
Slivka.!” This measure, considered simple and useful as an
index of general physical capacity, measures the distance the
patient can walk in 6 minutes. The analysis was performed in a
well-ventilated hallway 25 meters long that had been
previously marked at 1-meter intervals. The supervisor gave
the same instructions to each patient before and during the test.
A training walk was carried out 30 minutes before the real test.

Respiratory function was determined by spirometry with a
VM PLUS portable spirometer (Clement Clarke, Harlow,
UK). The theoretical reference values were calculated for
each patient according to the method of Gutiérrez et al.”

HRQL was assessed with the Chronic Respiratory
Questionnaire (CRQ), one of several instruments available to
measure that parameter in patients with chronic respiratory
diseases; developed in English and later translated to Spanish
at the department of respiratory medicine of Hospital de la
Santa Creu i de Sant Pau in Barcelona, Spain,?' the CRQ has
been validated for use with Chilean patients and its
psychometric properties and usefulness have been reported in
various studies.’’”” The CRQ consists of 20 questions,
distributed into 4 domains or dimensions: dyspnea, fatigue,
emotional function, and mastery of disease. Each question is
answered on a Likert-type scale of 7 points, where 1 indicates
the most severe degree of dysfunction and 7 the best function.
Five scores—total and domain-specific scores on a
comparative scale from 1 to 7—can be obtained from each
completed questionnaire.

All measurements, by trained personnel who were blinded
as to treatment group, were recorded at the start of training
(baseline) and twice more (at the end of the first month and
after 2 months).
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Interventions

Patients in both the treatment group and the control group
took part in an exercise program that targeted the inspiratory
muscles, supervised by a physical therapist. An adaptation
period of 1 week included a phase of proprioceptive re-
education, instruction on how to perform the exercises, and
information on adherence. After this period, all patients were
instructed to perform the exercises daily and to come to the
clinic twice a week for 2 months.

Strength training was carried out with the Threshold
Inspiratory Muscle Trainer (Respironics HealthScan, Inc,
Cedar Grove, New York, USA), a device that incorporates a
1-way flow valve that could be set to provide a load ranging
from 7 to 41 cm H,O. The setting for the treatment group was
individualized, such that a patient worked with a load that
was 40% of inspiratory muscle strength measured by PI _at
baseline. The load was reset after 4 weeks of training in
accordance with the new level of inspiratory muscle strength
at that time. The control group worked with the minimal
loading offered by the exercise device (7 cm H,0).
Inspiratory maneuvers were performed in a series of 5
repetitions with 1-minute periods between them. At the
beginning of the program, patients had to complete 10
minutes of training; the duration was gradually increased until
exercise sessions lasted 30 minutes a day in the last 3 weeks.

Sample Size

Calculation of sample size was based on finding a
clinically significant difference of 1 point on the CRQ as a
reflection of HRQL. Assuming a SD of 1, a statistical power
of 80%, and a significance level of 5%, it was estimated that
17 patients needed to be assigned to each treatment group.

Statistical Analysis

Data was entered into the Epilnfo program and checked
before being analyzed with the Stata statistical package,
version 7.0. The hypothesis to be tested was that inspiratory
muscle training has an effect on the strength of those muscles,
on respiratory function, or on HRQL.

Differences between groups at baseline and following
treatment, and the differences in variables over time in both
groups were analyzed by multiple linear regression. The
treatments were assessed according to the following outcome
measures: PI_ . distance covered (in meters) on the 6-minute
walk test, FEV, expressed as a percentage of the theoretical
value (FEV,, % of predicted), CRQ total score and domain
scores (dyspnea, fatigue, emotional function, and mastery of
disease). The variable used for between-group comparison
was treatment (group 1: resistive loading of 40% of PI_;
group O: minimum loading). Longitudinal change was
analyzed by comparing measurements at 3 times (0, baseline;
1, after 1 month; 2, after 2 months). Covariables were age,
weight, height, and sex, as well as the previous measurement
obtained for each study variable and adherence expressed as a
percentage. Fisher’s F test was used to assess effect in each
model. Relative bias was calculated to determine the
influence of confounding factors.”®

Results

Figure 1 is a flow diagram showing the movement of
patients through the study phases. The reason for loss of
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Figure 1. Diagram showing the flow of patients through the phases of the
study.

patients in the second month was their self-declared
inability to attend training sessions.

Table 1 gives the baseline characteristics of patients
by group. A between-group difference was detected for
height, but there were no significant differences in age,
weight, sex, CRQ domain scores, total CRQ score,
PI ... 6-minute walk test, or FEV, (% of predicted).
Even though no statistically significant differences were
detected between groups for most measurements or
demographic variables, it was considered necessary to
include those variables in regression models to assess
their possible effect as confounders.

TABLE 1
Baseline Characteristics in the Treatment Group
(40% Resistive Load) and the Control Group
(Minimum Resistance)*

Treatment Control P
Group (n=17) Group (n=18)
Age, years 55.1(12.8) 59.2 (14.9) .19
Weight, kg 72.7 (14.9) 66.7 (12.6) .10
Height, cm 148.6 (10.4) 154.0 (6.7) .03
Sex: women 53% 46% 2
CRQ score
Dyspnea 3.3(1.2) 2.9(0.8) 23
Fatigue 3.6 (1.4) 4.1(1.2) 31
Emotional function 4.0 (1.6) 4.2 (1.3) .76
Mastery of disease 4.1(1.5) 4.3 (1.6) .63
Total 3.8(1.2) 3.9 (1.1) .70

Pl cm H,0 56.5(19.5)  53.2(182) .60
6-minute walk test, m 448 (65.1) 451 (94.1) .90
FEV,, % pred 554(19.2)  50.7(19.6) .47

*Results are expressed as means (SD) or a percentage (sex).

CRQ indicates Chronic Respiratory Questionnaire; PI ., maximal inspiratory
pressure; FEV |, % pred, forced expiratory volume in the first second expressed as
a percentage of the theoretical reference value.
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PI, .., maximal inspiratory pressure.

At the end of the first month of training, an
improvement was detected in inspiratory muscle strength
between treatment groups. PIwas 11.5 cm H,O higher
in the treatment group (P=.02, adjusted for age, weight,
height, sex, baseline PI_, , and adherence). No significant
differences were found for other variables.

Nor significant between-group differences were
found after 2 months of training for any of the outcome
measures.

Change over time was also assessed. Statistically
significant differences were observed for every CRQ
domain, for the total CRQ score, and for PI
(P<.0001, adjusted for age, weight, height, sex, baseline
value, and adherence). CRQ scores improved over the 2
months of treatment in both groups. The score for

dyspnea increased by 0.82 points, fatigue by 0.43
points, emotional function by 0.5, mastery by 0.5, and
the total by 0.56. PI_increased 8.9 cm H,O per month
of training over the 2-month study period. No
differences were found for FEV, (% of predicted) or for
distance covered on the 6-minute walk test. Figure 2
shows how total CRQ score and PI, changed for both
study groups. Table 2 shows the evolution of all
variables during the study for both groups.

Discussion

A threshold inspiratory muscle resistive loading
device was used in this study to provide the same level
of resistance for each inhalation during training. The

TABLE 2
Changes in Outcome Measures After the First and Second Months of Training in the Treatment Group
(40% Resistive Load) and Control Group (Minimal Resistance)*

Treatment Group Control Group
Month 1 Month 2 Month 1 Month 2

CRQ score

Dyspnea 4.6 (1.1) 5.1(1.3) 3.9(1) 4.5(1.2)

Fatigue 4.3 (1.5) 4.6 (1.6) 4.6 (1) 4.9 (0.9)

Emotional function 5(1.4) 5.3(1.2) 4.5(1.3) 4.9(1.2)

Mastery of disease 4.9 (1.5) 5.4 (1.4) 5.1(1.4) 5.1(1.2)

Total 4.7(1.2) 5.1(1.2) 4.6 (1) 4.9 (1)
PIL ... cm H,O 72.4 (19.8) 77.7 (20.5) 64.1 (16.1) 67.6 (15.1)
6-minute walk test, m 458 (47.4) 452.6 (52.3) 457.2 (67.6) 458.5 (75.4)
FEV,, % pred 60.9 (28.5) 60.6 (24) 53.5 (20.6) 54.6 (21.9)
Percentage adherence 84 (14.2) 85 (13.8) 89 (13.3) 87.7 (12.1)

*Results are expressed as means (SD).
CRQ indicates Chronic Respiratory Questionnaire; PI
percentage of the theoretical reference value.

‘max?
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device was developed after it was demonstrated that
strength training with uncontrolled flow rates was
ineffective.”? Resistance to inhalation comes from a
constant pressure loading that takes inspiratory flow
into account. A valve allows the load to be set to the
desired level.’

Patients in the treatment group, who trained with a
load that was 40% of PI ., experienced a significant
improvement in inspiratory muscle strength after 1
month. This finding is consistent with reports from
other studies, such as that of Larson et al,'° who was the
first to show a statistically significant increase in
inspiratory muscle strength, respiratory muscle
resistance, and tolerance to exercise in patients with
moderate-to-severe COPD. Similarly, Belman and
Shadmehr!" demonstrated significant improvement in
inspiratory muscle strength in a group of COPD
patients in whom high resistance training was compared
to low resistance training applied 15 minutes every day
over a period of 6 weeks. It is important to emphasize
that when analyzing the results of the present study, we
adjusted for the previous measurement of the outcome
measure and for adherence, an aspect mentioned in
previous studies as being important, although others
have not made such adjustments. Furthermore, random
assignment to groups and the fact that trainers and
assessors were blinded to patient assignment, served to
minimize bias in favor of the treatment group. These
characteristics of the study strengthen the conclusion
that the exercise treatment applied increases muscle
strength. That finding is of clinical importance as it will
mean that the respiratory system is better prepared
mechanically to withstand a crisis if muscle fatigue
reappears. '’

Results after 2 months of training demonstrated no
difference between groups. Similar findings were
reported by Harver et al,'> who observed a statistically
significant difference in inspiratory muscle strength
between baseline and interim follow-up measurements
in the treatment group but no difference between groups
at the end of the study. Lisboa et al® similarly found a
significant difference in PI ,  that appeared after 2
weeks in a group that trained with a resistive load of
30%, whereas the significant increase in PI_, appeared
after the fifth week in the group training with a load of
10%. Dikhuijzen et al,'* on the other hand, found
significant differences after 10 weeks of respiratory
rehabilitation between an experimental group that
received inspiratory muscle training and a control group
that received only conventional respiratory
rehabilitation. It is relevant that the control group in our
study underwent training with a minimal resistive load
of 7 cm H,O provided by the device. This was done in
order to improve blinding. That minimal resistive load
was between 21% and 25% of PI ,, for a quarter of the
patients who were randomized to the control group.
That would explain the control group’s improvement,
which came somewhat more slowly but was significant
over time (Figure 2).

An additional point to consider is that our study, like

others, evaluated muscle force by way of PI_ ., yet it
seems necessary to use direct measures of
diaphragmatic  contractility, such as magnetic

stimulation of the phrenic nerve®® or to use outcome
measures based on clinical or functional aspects, as we
have done in the present study by assessing HRQL. In
this sense, we believe that the lack of a statistically
significant difference in HRQL between groups is
attributable to a real statistical power of 65% rather than
the higher power of 80% assumed at the time of
calculating the sample size. This would be the case
because both the variation observed and the SD (1.2 vs
the assumed value of 1) were greater than expected. The
same pattern was seen with functional and
physiological variables. Even so, other studies have
reported findings similar to ours. No significant
differences in subjective measurements such as
respiratory symptoms or HRQL were seen in the studies
by Dekhuijzen et al'* or Berman et al,*' for example.

In the comparison of measurements over time, it is
important to emphasize that there were significant
improvements in all the quality of life domains, from a
clinical standpoint as well as a statistical one. We were
able to detect that over time the minimal clinically
significant difference described for the CRQ was 0.5
points,*>** the level that would allow respiratory
rehabilitation interventions to be said to produce
improvement in subjective health measures such as
HRQL. In this case, the outcome can not be attributed
directly to inspiratory muscle training, although it can
be hypothesized that it is due to the overall set of
measures studied (such as education of patients about
their respiratory problem, correct use of inhalers, and
postures that favor respiratory mechanics) and the
respiratory exercises aside from the inspiratory muscle
training intervention (such as diaphragmatic breathing
and sustained maximal inhalation) which were used in
every maneuver.**

The results of this study lead to the conclusion that
patients with CAL can use a device specifically
designed to provide a threshold inspiratory resistive
load to effectively strengthen inspiratory muscles as
reflected by PI_, after 1 month of training. The long-
term effect and impact on HRQL should be studied in a
larger number of patients.
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