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BACKGROUND: Chest wall mobility is often measured in clinical practice, but the correlations
between chest wall mobility and respiratory muscle strength and lung volumes are unknown. We
investigate the associations between chest wall mobility, axillary and thoracic cirtometry values,
respiratory muscle strength (maximum inspiratory pressure and maximum expiratory pressure),
and lung volumes (expiratory reserve volume, FEV1, inspiratory capacity, FEV1/FVC), and the
determinants of chest mobility in healthy subjects. METHODS: In 64 healthy subjects we measured
inspiratory capacity, FVC, FEV1, expiratory reserve volume, maximum inspiratory pressure, and
maximum expiratory pressure, and chest wall mobility via axillary and thoracic cirtometry. We
used linear regression to evaluate the influence of the measured variables on chest wall mobility.
RESULTS: The subjects’ mean � SD values were: age 24 � 3 years, axillary cirtometry 6.3 � 2.0 cm,
thoracic cirtometry 7.5 � 2.3 cm; maximum inspiratory pressure 90.4 � 10.6% of predicted,
maximum expiratory pressure 92.8 � 13.5% of predicted, inspiratory capacity 99.7 � 8.6% of
predicted, FVC 101.9 � 10.6% of predicted, FEV1 98.2 � 10.3% of predicted, expiratory reserve
volume 90.9 � 19.9% of predicted. There were significant correlations between axillary cirtometry
and FVC (r � 0.32), FEV1 (r � 0.30), maximum inspiratory pressure (r � 0.48), maximum
expiratory pressure (r � 0.25), and inspiratory capacity (r � 0.24), and between thoracic cirtometry
and FVC (r � 0.50), FEV1 (r � 0.48), maximum inspiratory pressure (r � 0.46), maximum
expiratory pressure (r � 0.37), inspiratory capacity (r � 0.39), and expiratory reserve volume
(r � 0.47). In multiple regression analysis the variable that best explained the axillary cirtometry
variation was maximum inspiratory pressure (R2 0.23), and for thoracic cirtometry it was FVC and
maximum inspiratory pressure (R2 0.32). CONCLUSIONS: Chest mobility in healthy subjects is
related to respiratory muscle strength and lung function; the higher the axillary cirtometry and
thoracic cirtometry values, the greater the maximum inspiratory pressure, maximum expiratory
pressure, and lung volumes in healthy subjects. Key words: physical therapy; lung function tests;
respiratory muscles; muscle strength; thorax wall; respiratory mechanics. [Respir Care 2013;58(12):
2107–2112. © 2013 Daedalus Enterprises]

Introduction

In clinical practice, respiratory muscle function is eval-
uated with maximum inspiratory pressure and maximum

expiratory pressure. These pressures generated by the in-
spiratory and expiratory muscles, respectively, are respon-
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sible for volume changes in the respiratory system.1 Based
on the pressure-volume relationship of the respiratory sys-
tem, the higher maximum inspiratory pressure is achieved
when the inspiration starts from the lowest lung volume
(residual volume), and vice versa. Therefore, the stronger
the respiratory muscles, the higher the pulmonary vol-
ume.2 In accordance with this reasoning, Enright et al
found an increase in the vital capacity and total lung ca-
pacity after training the respiratory muscles in healthy sub-
jects.3 The same was observed in patients with cystic fi-
brosis.4

Along with the lungs, the chest wall is an elastic struc-
ture and follows the displacement of the lungs. Measure-
ment of the thoracic movement, from the total lung capac-
ity to residual volume, with a measuring tape has been
used as a chest wall mobility index in healthy subjects5

and patients with asthma,6 ankylosing spondylitis,7 fibro-
myalgia,8 COPD,9,10 and osteoporosis.11

Two previous studies found a significant relationship
between chest expansion and maximum inspiratory pres-
sure and maximum expiratory pressure, which ranged from
0.37 to 0.57,8,11 and 2 other studies showed a correlation
between chest expansion and vital capacity7 and inspira-
tory capacity.9 However, there have been no studies of the
correlation between respiratory muscle strength, pulmo-
nary volumes, and chest expansion, nor the determinants
of chest expansion in healthy subjects. We studied the
relationship between chest wall mobility, respiratory mus-
cle strength, and pulmonary volumes, and the determi-
nants of chest wall mobility.

Methods

This prospective study was performed in the clinical
exercise physiology laboratory of the University Nove de
Julho, São Paulo, Brazil. Healthy subjects (normal lung
function tests, no acute or chronic respiratory diseases, no
cardiovascular diseases) aged 20–30 years old were in-
cluded. We excluded people who could not perform the
tests or had chest wall deformities or respiratory or neu-
rologic diseases. Written informed consent was obtained
from all subjects, and the local ethics committee approved
the study (370562).

Spirometry

Spirometry was performed with a calibrated pneumo-
tachograph (CPFS/D USB, Medical Graphics, St Paul, Min-
nesota). The technical procedures and the acceptability
and reproducibility criteria were as recommended by the
American Thoracic Society.12 All the subjects completed
at least 3 acceptable maximum forced expiratory maneu-
vers. We recorded FVC, FEV1, FEV1/FVC, and slow vital
capacity to measure inspiratory capacity and expiratory
reserve volume. The measurements were compared with
the predicted values from Pereira13 for Brazilian adults.

Anthropometry

Body mass was measured to the nearest 0.1 kg, using a
calibrated balance (110F, Welmy, São Paulo, Brazil), and
body height was determined to the nearest 0.5 cm, using a
stadiometer. Body mass index was calculated as the ratio
of weight to height in meters squared.

Chest Wall Mobility

During the chest wall mobility measurements the sub-
ject stood with hands on the hips. The cirtometry consisted
of measuring the chest circumference with a measuring
tape at 2 levels: the anterior axillary line (axillary cirtom-
etry) and the tip of the xiphoid process (thoracic cirtom-
etry). The standardized measurement procedure was to
keep the 0 point of the tape fixed on the midline of the
body, horizontally aligned with the landmarks, while the
other end of the tape was allowed to move. The tape was
snug but not tight, so that the soft-tissue contours remained
unchanged. For both the thoracic and axillary measure-
ments the subjects were asked to perform maximum in-
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QUICK LOOK

Current knowledge

Respiratory muscle function is commonly measured as
the maximum inspiratory and expiratory pressures.
These pressures, generated by the inspiratory and ex-
piratory muscles, are responsible for volume changes in
the respiratory system.

What this paper contributes to our knowledge

Chest wall mobility in healthy subjects correlated with
respiratory muscle strength and lung function. Higher
chest wall mobility was associated with greater maxi-
mum inspiratory and expiratory pressures, forced vital
capacity, and inspiratory capacity.
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spiration and expirations twice, and to hold the maximum
inspiration or expiration for at least 2 seconds, during
which the measurements were taken, as previously de-
scribed.14 All the measurements were done by the same
trained observer.

Maximum Respiratory Pressures

Maximum inspiratory pressure, followed by maximum
expiratory pressure, was obtained starting at residual vol-
ume or total lung capacity, respectively, with the subject
seated, wearing a nose clip, and with a rigid, plastic, flanged
mouthpiece. The subject was connected to a manual shut-
ter apparatus, and the pressures were measured with a
aneroid manometer (120 cm H2O, GerAr, São Paulo, Bra-
zil). A small leak was introduced between the occlusion
and the mouth to prevent glottic closure, and the subject
held his or her cheeks with one hand during the maneuver.
Inspiratory or expiratory effort was sustained for at least
1 s. Each subject performed 5 acceptable and reproducible
maximum maneuvers (ie, differences of � 10% between
values). We recorded the highest values.15 The maximum
pressures are expressed as absolute values and percent-of-
predicted, based on Brazilian values.16

Statistical Analysis

The normality of the data was assessed with the Kolm-
ogorov-Smirnov test. The variables are expressed as
mean � SD. The following variables were correlated with
the Pearson correlation analysis: chest wall mobility, max-
imum respiratory pressure, FVC, FEV1, inspiratory capac-
ity, and expiratory reserve volume. Correlation was con-
sidered weak if r was � 0.50, moderate if r was 0.50–
0.70, and good if r was � 0.70. Linear regression analysis
was used to evaluate the influence of some variables on
chest wall mobility. P � .05 was considered significant.
Statistical tests were done with statistics software
(SPSS 14.0, SPSS, Chicago, Illinois).

Results

We recruited 71 subjects, but 5 were excluded because
they could not correctly perform the maneuvers, and 2
were excluded because spirometry indicated obstruction.
Thus, we analyzed data from 64 subjects (34 men), all of
whom had maximum respiratory pressure within the nor-
mal range, based on Brazilian values.16 The baseline char-
acteristics of anthropometry and spirometry are presented
in Table 1.

The axillary cirtometry significantly correlated with
maximum inspiratory pressure (r � 0.48, P � .001), as did
thoracic cirtometry and maximum inspiratory pressure
(r � 0.46, P � .001, Figure). The axillary cirtometry and

thoracic cirtometry showed significant weak correlation
with maximum expiratory pressure: axillary cirtometry vs
maximum expiratory pressure r � 0.25, P � .047; thoracic
cirtometry vs maximum expiratory pressure r � 0.37,
P � .003.

Chest wall mobility correlated with lung capacities. Ax-
illary cirtometry was significantly correlated with inspira-
tory capacity (r � 0.24, P � .012), but not with expiratory
reserve volume (r � 0.31, P � .057). Thoracic cirtometry
correlated with both inspiratory capacity (r � 0.39, P � .02)
and expiratory reserve volume (r � 0.47, P � .001) (see
the Figure).

Correlation between thoracic cirtometry and FVC was
moderate (r � 0.50, P � .001), and between thoracic
cirtometry and FEV1 was weak (r � 0.48, P � .001).
Although significant, those correlations are not excellent
(Table 2). Correlation was also weak between axillary
cirtometry and FVC (r � 0.32, P � .009) and FEV1

(r � 0.30, P � .02).
In linear regression, maximum inspiratory pressure was

the variable associated with axillary cirtometry (R2 0.23,
P � .001). FVC and maximum inspiratory pressure were
both associated with thoracic cirtometry (R2 0.32, P� .001).

Discussion

We found correlations between chest wall mobility, re-
spiratory muscle strength, and lung function in healthy
subjects. After linear regression analysis, maximum in-
spiratory pressure was the variable that best correlated

Table 1. Maximum Respiratory Pressures, Cirtometry, and
Pulmonary Function Test Results From 64 Healthy
Brazilian Subjects

Male/female, no. 34/30
Age, y 24 � 3
Body mass index, kg/m2 24.1 � 5.3
Maximum inspiratory pressure, cm H2O –93.8 � 30.2
Maximum inspiratory pressure, % of predicted 90.4 � 10.6
Maximum expiratory pressure, cm H2O 103.2 � 38.1
Maximum expiratory pressure, % of predicted 92.8 � 13.5
Axillary cirtometry, cm 6.3 � 2.0
Thoracic cirtometry, cm 7.5 � 2.3
FVC, L 4.4 � 0.9
FVC, % of predicted 101.9 � 10.6
FEV1, L 3.7 � 0.7
FEV1, % of predicted 98.2 � 10.3
FEV1/FVC 86.5 � 6.9
Inspiratory capacity, L 2.8 � 0.7
Inspiratory capacity, % of predicted 99.7 � 8.6
Expiratory reserve volume, L 1.5 � 0.3
Expiratory reserve volume, % of predicted 90.9 � 19.9

� Values are mean � SD.
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with axillary cirtometry. Maximum inspiratory pressure
and FVC best correlated with thoracic cirtometry.

Axillary cirtometry and thoracic cirtometry significantly
correlated with FVC (r � 0.32, r � 0.50, respectively).
Significant correlations were also found between chest wall
mobility, FEV1, and inspiratory capacity: axillary cirtom-
etry vs FEV1 r � 0.30; thoracic cirtometry vs FEV1 r � 0.48;
axillary cirtometry vs inspiratory capacity r � 0.24; tho-
racic cirtometry vs inspiratory capacity r � 0.39. Until
now it was not clear if chest wall mobility was associated
with lung volumes in healthy subjects. We found that the
greater the volume, the greater the chest wall mobility. To

our knowledge, this is the first study of this correlation,
although it is very justifiable from the standpoint of respi-
ratory mechanics in subjects without cardiopulmonary dis-
eases. Similar observations were made by Malaguti et al in
COPD patients, in whom there was a positive correlation
between inspiratory capacity and abdominal chest wall
mobility.9 They found no correlation between other lung
function variables (FEV1 and FVC) and other axillary or
thoracic cirtometry, which is explained by the reduced
chest wall mobility of COPD patients. Reduced chest wall
mobility in patients with chronic lung disease has also
been observed by other authors.6,10

Expiratory reserve volume significantly correlated with
thoracic cirtometry (r � 0.47, P � .001), but not with
axillary cirtometry (r � 0.37, P � .057) in our study,
although there was a tendency. We speculate that this
occurred due to respiratory muscles being recruited during
the expiratory reserve volume maneuver. The expiratory
muscles have their insertions on the lower rib cage, which
reduces the chest diameter during the expiratory reserve
volume maneuver, accumulating elastic energy and facil-

Figure. Correlation between axillary cirtometry measurements, thoracic cirtometry measurements, maximum inspiratory pressure, maxi-
mum expiratory pressure, inspiratory capacity, and expiratory reserve volume.

Table 2. Correlations Between Axillary Cirtometry, Thoracic
Cirtometry, FVC, and FEV1

FVC FEV1

Axillary cirtometry r 0.32 0.30
P .009 .02

Thoracic cirtometry r 0.50 0.48
P � .001 � .001
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itating further expansion in the next inspiration, which
increases chest wall mobility. We found no studies of that
correlation. Knook et al suggest that the reduced respira-
tory muscle strength in children with juvenile arthritis de-
creases their expiratory reserve volume, and, consequently,
FVC, which indicates worsening chest wall mobility.17

Similar to lung volumes, respiratory muscle strength
was related to chest wall mobility in our study. The pos-
itive correlation between axillary cirtometry, thoracic cir-
tometry, and maximum inspiratory pressure (r � 0.48,
r � 0.46, respectively) is expected, since the greater the
inspiratory muscle strength, the greater the expansion of
both the upper and the lower rib cage. Such correlation
was also observed in diseases other than respiratory dis-
ease. Çimen et al found significant correlation between the
respiratory muscle strength and axillary cirtometry
(r � 0.37) in women with osteoporosis.11 In patients with
fibromyalgia, chest wall mobility correlated with maxi-
mum inspiratory pressure and maximum expiratory pres-
sure (r � 0.49, r � 0.51, respectively); those values are
similar the values we observed in the present study.8 But
Sahin et al found no significant correlation between chest
wall mobility, maximum inspiratory pressure, and maxi-
mum expiratory pressure (r � 0.10, r � 0.09) in women
with fibromyalgia.18 They explain that result as due to pain
and muscle fatigue in those patients, which reduces respi-
ratory muscle strength and, hence, chest wall mobility. It
is not possible to explore more specifically the results
from Sahin et al, but we believe that linear correlation
probably was not observed, because different pain inten-
sity can result in different muscles activity.

The correlation between chest wall mobility and maxi-
mum expiratory pressure, although significant, was weak.
It was expected that maximum expiratory pressure would
have worse correlation with chest wall mobility than would
maximum inspiratory pressure. This is explained by the
fact that because chest wall mobility is greater, the dia-
phragm’s effort during the inspiratory phase is stronger.
The same does not happen during the expiratory phase,
during which mobility is not related to expiratory muscle
effort.

All the correlations between muscle strength and chest
wall mobility in the present study were weak, though stat-
ically significant. We believe that other factors, such as
elastic recoil, can contribute in all those correlations. Lung
volumes are related not only to respiratory muscle strength
but also to the compliance and resistance of the respiratory
system. We studied healthy subjects; however, even in
healthy subjects, not only muscle strength but also the
physiological mechanism influences the lung volumes.
Similar findings were made by other investigators in pa-
tients with respiratory and musculoskeletal diseases,18-21

after a rehabilitation program.22,23

We performed linear regression analysis to determine
which variable could best explain the chest wall mobility
variation. For axillary cirtometry, maximum inspiratory
pressure was the variable that best explained the variation
(R2 0.23, P � .001). To our knowledge, this is the first
time this result has been described. Even though axillary
cirtometry may be associated with lung volumes, the in-
spiratory muscle strength is the most important factor. In
a series of studies, Enright et al reported that high intensity
respiratory muscle training (80% of maximum inspiratory
pressure) increased maximum inspiratory pressure, vital
capacity, and total lung capacity in healthy subjects3,24 and
in patients with cystic fibrosis.4 Although Enright et al
have not described the correlation between those variables,
we expected a positive correlation between them, corrob-
orating our finding that respiratory muscle strength is re-
lated to the circumference and, consequently, to lung vol-
ume.

Maximum inspiratory pressure and FVC were both as-
sociated with thoracic cirtometry in the linear regression
(R2 0.32, P � .001). The same justifications previously fit
for axillary cirtometry must be considered; however, per-
manence of FVC can be explained. During the FVC ma-
neuver there is great movement of the rib cage, more
pronounced on the last ribs, because there is greater mo-
bility of the thoracic cage in this area.

Limitations

We did not use the gold standard method for chest wall
mobility evaluation (optoelectronic plethysmography25),
because that method requires highly trained personnel for
both the data collection and interpretation. Our method of
measuring thoracic mobility seems to be an adequate and
simpler alternative for clinical practice. Abdominal cir-
tometry was not included in this study, although it has
been evaluated, since, in most of the individuals, when
they were asked to take a deep inspiration, the movement
was opposite to that observed on the abdomen in a quiet
breath. A similar finding was described by Basso et al.6

Thus, this variable was excluded from the analysis due to
inconsistency in its evaluation. We believe there was no
bias in the present results, since most studies have assessed
chest mobility at the axillary and xiphoid process levels, as
we did.

Based on our data, our method of measuring chest wall
mobility is a useful alternative when optoelectronic pleth-
ysmography is not available, and can provide information
about the interaction of the components of the respiratory
system (respiratory muscles and lung volumes).25 Our re-
sults can help clinical practice, as a tool for the interpre-
tation of respiratory muscle performance. Based on this
study, we can infer the interaction between chest wall
mobility, lung volumes, and respiratory muscles. Chest

CHEST WALL MOBILITY IS RELATED TO RESPIRATORY MUSCLE STRENGTH AND LUNG VOLUMES IN HEALTHY SUBJECTS

RESPIRATORY CARE • DECEMBER 2013 VOL 58 NO 12 2111



wall cirtometry can also be used for monitoring patients
with various diseases, because it is easy to perform, its
improvement after training is expected, and it reflects lung
volumes and respiratory muscle strength.

Conclusions

Chest mobility in healthy subjects correlates with respi-
ratory muscle strength and lung function. The larger the
axillary and thoracic cirtometry measurement, the greater
the maximum inspiratory pressure, maximum expiratory
pressure, FVC, FEV1, and inspiratory capacity.
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