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Ventilatory muscle strength in cystic
fibrosis patients: a literature review

J.P. Heinzmann-Filho1, P.J.C. Marostica2, M.V.F. Donadio3,4

Introduction

Cystic fibrosis (CF) is a genetic disease char-
acterized by recessive autosomal transmission re-
sulting from alterations in the CF transmembrane
regulator gene located in chromosome 7 [1, 2].
These mutations cause a complex dysfunction of
organs including the digestive, metabolic, repro-
ductive and respiratory systems because the trans-
port of ions and water in the epithelial cells be-
comes compromised [3]. The respiratory dysfunc-
tion appears to be the main aggravating factor,
since it is the greatest cause of mortality in this
population [2] This alteration leads to different de-
grees of clinical manifestations with modifications
in the levels of pulmonary function, presenting
chronic suppurative lung disease with destruction
of the pulmonary parenchyma [1]. Air trapping,
pulmonary hyperinsuflation and increased airway
resistance may also occur, with increasing in-
volvement of the respiratory system, altering the
thoraco-abdominal balance [1, 4].

Some studies demonstrate that hyperinsuflation
combined with malnutrition, could be a predispos-

ing factor for the development of respiratory mus-
cle weakness and, once it is installed, increased
muscle fatigue and dyspnea. In association with
lack of use, hypoxemia, acidosis and electrolytic
disorders may even further favor the reduction of
respiratory muscle strength [5, 6]. On the other
hand, chronic cough and increased ventilatory ef-
fort appear to favor increased muscle strength [4,
6]. These changes alter the chest shape, placing in-
spiratory muscles at a disadvantage, especially the
diaphragm, diminishing the respiratory compli-
ance, increasing energy expenditure and oxygen
consumption for breathing [7]. Based on these
muscle modifications, it is essential to measure the
respiratory muscle strength levels by manovac-
uometry [1]. This method is simple and non inva-
sive, allowing the quantification of the inspiratory
and expiratory muscle function [8, 9].

Despite the relevance of the topic and the fre-
quent use of this method to evaluate and follow pa-
tients with CF, there does not yet appear to be a
consensus regarding the results expected for respi-
ratory muscle strength in these patients, ranging
from the reduction of muscle strength levels to in-
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patients: a literature review. J.P. Heinzmann-Filho, 
P.J.C. Cauduro Marostica, M.V.F. Donadio.

The ventilatory mechanic changes that occur in cystic
fibrosis (CF) patients may lead to alterations in the respi-
ratory muscle strength levels. However, the findings re-
garding the strength profile in these patients are still con-
tradictory.

Objective: To evaluate, trough a literature review, the
respiratory muscle strength behavior in CF patients.

We have performed a search in Medline/Pubmed, Sci-
elo, IBECS and LILACS databases selecting observation-
al cross-sectional, prospective or retrospective studies, as
well as randomized clinical trials, published between 1981
and 2011, using the following terms: cystic fibrosis, respi-

ratory muscle strength, inspiratory maximal pressure and
muscle training.

The majority of the studies 71,24% have shown nor-
mal or above normal respiratory muscle strength, whilst
28,57% demonstrated reduced or near-normal values.
Most of these findings were attributed to an increased
work of breathing as a result of airway obstruction and
chronic persistent cough.

Taken together, the analyses of selected studies have
showed conflicting findings regarding respiratory muscle
strength behavior in these patients. However, most of the
studies seem to indicate that CF patients presented maxi-
mum respiratory pressures normal or above predicted
values.
Monaldi Arch Chest Dis 2012; 77: 3-4, 134-138.
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creased strength [5, 10, 11]. This can probably be
attributed to the methodological differences em-
ployed, different age groups, measuring instru-
ments, nutritional states and distinct degrees of
lung involvement [5, 6]. Thus, considering the con-
troversial evidence about alterations of respiratory
muscle strength in this population and the impor-
tance of persistent respiratory modifications pre-
sent in these patients, the purpose of this study was
to evaluate, trough a literature review, the behavior
of respiratory muscle strength in CF patients. The
compilation and analysis of the available data may
help the professionals in the CF multidisciplinary
team to better understand, evaluate and treat respi-
ratory muscle strength related disorders.

Methods

The study consists of a literature review per-
formed by researching the Medline/Pubmed, Sci-
elo, IBECS and LILACS data bases. Cross-sec-
tional, prospective or retrospective observational
studies, as well as randomized clinical trials were
selected, that had been published during the period
from 1981 to 2011, in English, where the key-
words were present in the title or in the abstract.
The key words used were: cystic fibrosis, respira-
tory muscle strength, inspiratory maximal pressure
and muscle training.

The inclusion criteria used were studies that
evaluated the respiratory muscle strength in clini-
cally stable patients with a confirmed diagnosis of
cystic fibrosis, who expressed respiratory muscle
strength values as a percentage of the predicted, Z-
score or compared with a control group (healthy

individuals). The studies that reported respiratory
muscle strength in water centimeters (cmH2O), but
presented the findings as compared with normality
values were also included. Respiratory muscle
strength was considered normal, below or above
normality according to the classification by the au-
thors themselves. In the absence of a classification,
the results were analyzed and called normal or in-
creased when most individuals had values above
80% of the predicted value. On the other hand, re-
view studies, other measuring techniques that
haven’t used a manovacuometer, articles that did
not evaluate respiratory strength and studies that
only used respiratory muscle strength as an out-
come for some type of therapeutic intervention
without normalizing the data were excluded.

After selecting the articles, they were read us-
ing an instrument to systematize the analysis of
methods and the main results of the studies. In this
way the relevant aspects of each article were se-
lected and written in table form to make a critical
and systematic analysis of the evaluations and re-
sults contained in them.

Results

Joining the terms cystic fibrosis and respirato-
ry muscle strength, 47 (forty-seven) articles were
found, 22 (twenty-two) of which were selected.
Using the terms cystic fibrosis and inspiratory
maximal pressure, 27 (twenty-seven) articles were
found, of which 5 (five) were selected. In the last
search, using the terms cystic fibrosis and muscle
training, only 1 (one) study was selected. Figure 1
shows the systematization of the article search.

Fig. 1. - Systematization of the search and selection of studies.
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Analysis of the studies that evaluated respira-
tory muscle strength in CF patients showed that
the values of maximal inspiratory and expiratory
pressures may be normal, increased or decreased.
Most studies, 20 articles (71.24%) showed normal
or above normal respiratory muscle strength val-
ues, while 8 (28.57%) of the studies indicated de-
creased or close to normal values. The summary of
the selected studies is shown in table 1.

Discussion

The findings of normal or above normal respi-
ratory muscle strength are often attributed to in-
creased ventilatory work [5], due to airway ob-
struction [4, 10, 12] and persistent chronic cough
[6], which is common as the disease progresses in
CF patients. On the other hand, studies that report
decreased respiratory muscle strength generally re-
late it to several factors including: pulmonary hy-
perinsuflation [13], alterations in the diaphragm
mechanics [14], malnutrition [7], severity of pul-
monary disease [15, 16], advanced chronological
age [17, 18],  and lack of use [5].  In general, the
association of these factors may contribute to the
development of muscle fatigue, making it easier
for dyspnea to occur, increasing energy consump-
tion and the onset of a state of respiratory failure.

When we performed an analysis separating the
articles selected according to age group of the
sample studied, 7 (25%) evaluated respiratory
muscle strength in children and adolescents up to
the age of 18 years. Four (57.14%) of these
showed reduced strength or close to normal [19-
22], and 3 (42.85%) had normal or increased val-
ues [18, 23, 24]. On the other hand, when we ana-
lyzed the studies in adults (from 18 years of age),
there was again a predominance of normal respira-
tory muscle strength, and 9 (90%) out of a total of
10 studies showed normal or above normal values
[5-7, 12, 25-29] while only 1 (10%) reported de-
creased values [30]. The other studies (39.28%)
were not included in the analysis by age group be-
cause they did not analyze individuals of different
ages separately, showing children and adults to-
gether [1, 4, 11, 13, 15-17, 24, 31-33]. This sepa-
rate analysis of data according to age group ap-
pears to indicate that the age factor is not the main
aspect related to decreased respiratory muscle
strength, considering that reduction of the latter
appear to be more closely related to the pediatric
age group. This may be due to diminished capaci-
ty to perform the maneuvers among the children,
which could underestimate the respiratory pressure
values and, consequently, determine a reduction in
the levels of respiratory muscle strength measured.
Another point that should be analyzed is the use of
possibly inappropriate reference values, since the
fact that equations from other places are often be-
ing used, may influence the outcomes of respirato-
ry muscle strength. In a review of standards per-
formed in 1991, the American Thoracic Society
(ATS) recommends generating reference values of
spirometric parameters for each region or site, in
order to demonstrate the reality of each population

[34]. Thus, it is possible that the respiratory mus-
cle strength values could also be influenced by
these population differences, including ethnic and
structural aspects that could be distinct and influ-
ence the normalization of results. Besides, pul-
monary hyperinsuflation is still pointed out by dif-
ferent authors, as one of the main factors related to
the reduction of respiratory muscle strength [16,
17]. Studies on normal individuals report that the
aging process is associated with a reduction of ac-
cessory muscle and diaphragm trophism, and that
the age factor can contribute to the decline of max-
imal static respiratory pressures [9, 35]. However,
this does not appear to occur in CF individuals, in
whom the factors discussed above and the possi-
bility of self muscle training as a consequence of
the pulmonary alterations appears to exert a
greater effect on the respiratory muscle strength
than aging itself.

Besides these differences and the difficult dis-
cernment of the factors that could interfere in the
respiratory muscle strength levels, other aspects
could also help explain the contradictory findings,
such as: the different methodologies used, differ-
ences in the subjects’ ages, level of pulmonary
compromise and variability during maneuvers [5,
13, 14, 36]. Several studies reported that subject
variability may be around 7-10%, and that these al-
terations could be related to the different verbal,
motivational stimuli, both by the technician and by
the patient himself, the number of evaluators and
the differences in the measuring techniques [8, 36-
38]. There is also great variability in the number of
maneuvers performed in the studies, ranging from
a minimum of three maneuvers to a maximum of
ten repetitions [1, 6, 13, 16, 30, 31]. However, it is
known that the more repetitions are performed, the
greater will be the effects of learning and the high-
er the values that can be obtained, justifying the
recommendation that measurements be performed
in up to five maneuvers [39]. These factors, when
associated with a small sample size, may make it
difficult to perform a more homogeneous compar-
ison, and often modify the results of maximal sta-
tic respiratory pressures.

In summary, analysis of the studies selected
showed diverging findings in relation to the be-
havior of respiratory muscle strength in patients
with CF. However, most studies appear to indicate
that the individuals with CF studied presented nor-
mal or above expected maximal respiratory pres-
sure values. These findings were mostly attributed
to increased work and ventilatory demand, espe-
cially as a consequence of the chronic obstructive
disease and persistent cough. Although there is ev-
idence regarding factors that could modify the out-
comes of respiratory muscle strength, the mecha-
nisms that influence their behavior have not yet
been fully explained. Factors such as age, compro-
mised pulmonary function and hyperinflation still
need further study in this population. Likewise,
studies that evaluate not only muscle strength but
also a more global view of the respiratory muscle
function, including aspects of endurance, for in-
stance, are still needed.



137

VENTILATORY MUSCLE STRENGTH IN CYSTIC FIBROSIS

Table 1. - Summary of the selected studies trough the research strategies used

Authors Year Country Population Age Group N Data presentation Main results

Leroy S et al 2011 France CF 32±12.6 (20-67) 18 % predict ↓ MIP

Dunnink et al 2009 Netherlands CF 26±7 (18-40) 27 % predict ↑ MIP
↔ MEP

Dufresne V et al 2009 Belgium CF 29.1±6.6 38 cmH2O ↑ MIP
Healthy 30.2±6.1 24

Troosters T et al 2009 Belgium CF 26±8 64 % predict ↔ MIP
Healthy 25±5 20 ↔ MEP

Barry PJ et al 2008 Ireland CF 23.9 (19-40) 15 % predict ↔ MIP
↔ MEP

Hahn A et al 2008 Germany CF 14 (9-26) 47 % predict ↔ MIP
Healthy 14.5 (9-26) 47

Ziegler B et al 2008 Brazil CF 23,7±6,4 (16-47) 39 % predict ↔ MIP or ↓
↔ MEP or ↓

Enright S et al 2007 United Kingdom CF 22,4 (18-32) 40 cmH2O ↔ MIP
Healthy 21,7 (18-33) 30

Zanchet RC et al 2006 Brazil CF 10±5,6 (7-28) 29 cmH2O ↑ MIP
↑ MEP

Cunha et al 2006 Brazil CF 11±1,9 (8-14) 16 cmH2O ↔ MIP or ↓
↔ MEP or ↓

Keochkerian D et al 2005 France CF 13.1±1.5 (10-14) 8 cmH2O ↓ MIP
Healthy 13.3±0.5 (11-14) 8

Barry SC et al 2003 Ireland CF 23.3±5.1 (18-39) 23 % predict ↔ MIP
↔ MEP

de Jong W et al 2001 Netherlands CF Control 19±5,5 (10-25) 8
CF Intervention 17±5,2 (10-25) 8 % predict ↑ MIP

Milross MA et al 2001 Australia CF 27±8 (18-49) 30 % predict ↔ MIP or ↑
↔ MEP

Bradley S et al 1999 Australia CF 25.9±3.5 14 cmH2O ↔ MIP
Healthy 27.6±3.2 8 ↔ MEP

Fauroux B et al 1999 France CF 13±4 (6-18) 16 cmH2O ↓ MIP
↔ MEP

Ionescu AA et al 1998 United Kingdom CF 22,9±3,8 25 cmH2O ↔ MIP

Alisson JA et al 1997 Australia CF 26±7,7 (17-44) 24 % predict ↔ MIP
Healthy 24,6±2,4 (21-30) 10 ↔ MEP

Hayot M et al 1997 France CF 11±2 16 % predict ↔ MIP
Healthy 11±2 10

Hanning RM et al 1993 Canada CF Control 9,5±2,9 (7-15) 7 % predict ↔ MIP or ↑
CF Intervention 10,6±2,5 (7-15) 9 ↔ MEP

Lands LC et al 1993 Canada CF 21.0±8.38 14 cmH2O ↔ MIP or ↑
Healthy 26.8±8.70 16 ↔ MEP

Sawyer EH et al 1993 United States CF Control 9,76±2,57 (7-14) 10 % predict ↔ MIP or ↑
CF Intervention 11,46±2,45 (7-14) 10

Mier A et al 1990 United Kingdom CF 21 (16-28) 25 % predict ↔ MIP or ↓
↔ MEP or ↓

Lands L et al 1990 Canada Control 14,6±2 (12-35) 14 % predict ↔ MIP
Female Control 14,3±0,7 (12-35) 8

Anorexia Nervosa 14,7±1,9 (12-35) 9
Asthma 15,2±1,5 (12-35) 10

CF 17,8±5,6 (12-35) 22

Marks J et al 1986 Canada Asthma 12,8±5 (5-25) 29 cmH2O ↔ MIP
CF 14,5±5 (7-23) 25 ↔ MEP

Healthy (7-24) 80

Szeinberg A et al 1985 Canada CF 22,1±3,7 (16-35) 23 cmH2O ↓ MIP
Healthy 22,5±6,8 (17-39) 33 ↓ MEP

Mansell L A et al 1984 United States CF 13,6 (10-17) 11 cmH2O ↓ MIP
↓ MEP

O’Neill S et al 1983 Canada CF 14,5±5 (7-23) 25 cmH2O ↔ MIP or ↑
Healthy (7-24) 80 ↔ MEP or ↑

CF: cystic fibrosis; MIP: maximal inspiratory pressure; MEP: maximal expiratory pressure; ↑: increased; ↓: decreased; ↔: normal; 
N: number of subjects. Age group is presented by mean ± standard deviation (minimum and maximum).
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