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BACKGROUND: The diaphragm changes in COPD lead to functional inefficiency correlated to
lung function loss. Muscle-fiber shortening follows lung hyperinflation, which results in a chronic
mechanical disadvantage that impairs diaphragmatic mobility that worsens in COPD exacerba-
tions. OBJECTIVES: To correlate the diaphragmatic mobility loss to COPD severity by using
M-mode ultrasonography and to verify if the diaphragmatic mobility can improve after in-patient
pulmonary rehabilitation. METHODS: We used M-mode ultrasonography to access diaphragmatic
mobility during normal breathing or breathing at rest and deep inspiration in 52 subjects with
moderate to very severe COPD who underwent pulmonary rehabilitation and 16 healthy subjects.
Lung function test, arterial blood gas analysis, and a 6-min walk test were also performed. The
measurements were performed at rehabilitation admission and discharge. RESULTS: We screened
30 subjects with severe to very severe COPD who had completed pulmonary rehabilitation. At
discharge, inspiratory capacity improved, from 1.58 � 0.5L to 1.7 � 0.6 L (P � .04). Diaphragmatic
mobility during deep inspirations increased from (mean � SD) 4.58 � 1.83 cm to 5.45 � 1.56 cm
(P � .05) after pulmonary rehabilitation. The diaphragmatic mobility during rest breathing was
higher in the subjects with COPD (2.25 � 0.83 cm) than in the healthy subjects (1.27 � 0.3 cm)
(P � .01). The diaphragmatic mobility for the rest breathing and deep inspirations were correlated
to an FEV1 decrease (r � �0.74, P < .001; and r � 0.8, P < .001, respectively). CONCLUSIONS:
Our findings demonstrated diaphragmatic mobility loss in the subjects with moderate to very severe
COPD. These changes were correlated with COPD severity, and diaphragmatic mobility loss im-
proved after in-patient pulmonary rehabilitation. (ClinicalTrial.gov registration NCT02838953.)
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Introduction

COPD is a pathology that alters diaphragmatic anatomy
and structure.1 The main concern with COPD is air-flow

obstruction, not fully reversible, and associated with sys-
temic inflammation. The progressive alterations of air-
ways and parenchyma decreases lung elastic recoil and
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impairs gas exchanges.2-4 These changes and subsequent
lung hyperinflation increase the respiratory work load.5 In
patients with severe hyperinflation, the diaphragm is flat-
ter and lower than in normal individuals. The apposition
zone to the rib cage is reduced, and, during inspiration, the
diaphragmatic dome descends less than in normal subjects,
which results in a reduced expansion of the lower rib
cage.6,7 Furthermore, in patients with COPD, both oxida-
tive stress and the systemic inflammatory process lead to
general muscular atrophy, including structural changes of
the diaphragm. Diaphragmatic muscle fibers lose myosin,
the sarcomeres become shorter, and the muscular cross-
sectional area reduces.1 An increase in the number of type
I fibers to the detriment of type II fibers has also been
reported.8,9

The diaphragm anatomy does not permit a wide range
of techniques to assess its function. Radiography, fluoros-
copy, and magnetic resonance imaging have been used to
evaluate this muscle for assessment of mobility and func-
tion. Ultrasonography has many advantages over these tech-
niques, such as the lack of ionizing radiation and the pos-
sibility of using ultrasonography at the patient’s bedside.
Furthermore, it is an inexpensive technique, requires a
small time investment,10 and is already used to diagnose
diaphragmatic rupture or thickness, pleural masses, and
pulmonary effusions.11 Ultrasonography in the M-mode
can assess diaphragmatic kinetics, which directly mea-
sures the dome craniocaudal displacement, which is more
visible on the right diaphragmatic side.12-14 Such measure-
ments can be useful to assess the impact of both lung
hyperinflation and diaphragmatic fiber structural changes
on the diaphragmatic motion in patients with COPD.

For patients with COPD, the interest of pulmonary re-
habilitation has been clearly demonstrated, and the most
frequent outcomes in the current literature are the reduc-
tion of dyspnea, increase in exercise capacity, and im-
provement in quality of life.15 Pulmonary rehabilitation is
a complex intervention based on multidisciplinary patient
assessment and focused on exercise training, education,
and behavior modification. Pulmonary rehabilitation has
been reported to significantly improve inspiratory muscle
strength and exercise capacity, and to decrease dynamic
lung hyperinflation and dyspnea.16,17 Furthermore, it has
been demonstrated that diaphragmatic impairment im-
pacted dyspnea and exercise tolerance,18 and was corre-
lated with PaCO2

, airway obstruction, and air trapping in
subjects with COPD.19,20 Consequently, we could hypoth-
esize that, in patients with COPD, diaphragmatic motion
increases after in-patient pulmonary rehabilitation. In the
present study we assessed, by using M-mode ultrasonog-
raphy, the correlation between the diaphragmatic mobility
to lung function decreasing, and we also verified the pul-
monary rehabilitation effect in the diaphragmatic mobility
in a cohort of subjects with COPD.

Methods

All the subjects with COPD admitted to the rehabilita-
tion center, Casa di Cura Villa Serena, Piossasco, Italy,
from March 2016 to September 2016, and 16 healthy vol-
unteers were prospectively included. All the subjects signed
an informed consent. We excluded patients with a history
of pneumothorax (treated within the last 12 wk), hemop-
tysis, acute heart failure, pulmonary embolism, hyperten-
sion, aneurysm, hepatic surgery, splenectomy, diaphrag-
matic paralysis, and neuromuscular diseases.

The subjects with COPD underwent a standard evaluation,
including lung function tests (spirometry and body plethys-
mography, and the determination of lung diffusion of carbon
monoxide), a 6-min walk test, and arterial blood gas analyses.
The lung function tests were performed by using QUARK
PFT Plethysmography (COSMED, Rome, Italy), according
to the standards determined by the American Thoracic Soci-
ety/European Respiratory Society task force.21-25 The sub-
jects also performed the 6-min walk test according to the
American Thoracic Society/European Respiratory Society
statements.26,27 Arterial blood sampling was performed under
the direction of a physician for arterial blood gas analyses.

Within the second day in the rehabilitation center, dia-
phragmatic mobility was assessed by ultrasonography as
follows. The subjects were positioned in a semi-recumbent
position (45°). The ultrasonography probe was positioned
between the anterior and mid axillary lines, on the central
right subcostal area, cranial and dorsal. The ultrasounds
were performed perpendicular on the posterior hemidia-
phragm third (it was visualized as the hyperechogenic line
behind the liver). Diaphragmatic mobility was assessed by
using the M-mode while the patient breathed during rest
breathing and during deep inspiration.

QUICK LOOK

Current knowledge

COPD impairs diaphragmatic anatomy, structure, and
function. Diaphragmatic mobility can be easily assessed
by using M-mode ultrasonography without exposing
the patient to any risk, and it can be easily performed
even during pulmonary rehabilitation.

What this paper contributes to our knowledge

Diaphragmatic mobility was dramatically impaired in
the subjects with COPD compared with the healthy
subjects. This reduction was correlated to lung function
deterioration, and improvements in dynamic lung hy-
perinflation after pulmonary rehabilitation may improve
diaphragmatic motion.
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The diaphragmatic amplitudes were determined by placing
the first caliper at the foot of the inspiration slope on the
diaphragmatic echoic line, and the second caliper was placed
at the apex of this slope. Resting breathing (on tidal volume)
was measured and recorded during several cycles, and was
considered the mean slope amplitude (Figs. 1 and 2, left
panels). For deep inspiration, several slopes were also mea-
sured and recorded, and the higher distance between the apex
to the base was retained (Figs. 1 and 2, right panels). For this
maneuver, the patient was requested to, at the end of the
resting expiratory breath, do a maximal inspiratory effort,
inspiring as slowly and deeply as possible. For those mea-
surements, a portable CX50 compact ultrasound system (Am-
sterdam, Netherlands) Philips was used.

The subjects with COPD were classified according to
the Global Initiative for Chronic Obstructive Lung Dis-
ease criteria for the severity of airway obstruction.2 Ev-
ery subject, after assessment, followed the pulmonary

rehabilitation of the American Thoracic Society/Euro-
pean Respiratory Society statement on pulmonary reha-
bilitation.28 All the subjects followed a routine of 5 d/wk
of physical exercise, divided into 2 sections of 1 hour
each. Pulmonary rehabilitation consisted of 30 min of
calisthenic gymnastics once a day and 30 min of aerobic
cycloergometer training twice a day. The aerobic cyc-
loergometer training was set at 60 –70% of the maxi-
mum heart rate determined by equation 220 minus the
subject’s age. The subjects also performed lower-limb
strengthening exercises. During the in-hospital stay, the
subjects received regular prescribed medication and ox-
ygen therapy according to their medical prescriptions.
The subjects also received respiratory physiotherapy with
regard to the presence of lung secretion retention and
the need to expand unventilated areas.

A healthy volunteer group was composed to establish
normal values for diaphragmatic mobility and to correlate

A B

Fig. 1. Diaphragmatic M-mode ultrasonography on resting breathing (mean mobility, 2.18 cm) of a subject with severe COPD (FEV1 � 0.38)
(A); the deep inspiration (higher movement, 4.36 cm) from a different subject with severe COPD (FEV1 � 0.50) (B).

A B

Fig. 2. Diaphragmatic M-mode ultrasonography on healthy controls. At rest breathing (mean mobility, 1.25 cm) (A); deep inspiration
(6.11 cm) (B).
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the loss of lung function to diaphragmatic mobility mod-
ifications. Subjects without a history of chronic lung dis-
ease and with an FEV1:FVC of �0.70 were included in
this group; they all had the same lung function tests and
M-mode ultrasonography.

Statistical Analyses

The qualitative data were presented as percentages and
frequency. The quantitative data were described as
mean � SD for the symmetrical distributions. We used the
Kolmogorov-Smirnov test to determine distribution means
and normality. The Bonferroni test was used post hoc to
evaluate statistical significance. Within-group effect sizes
were calculated by using the Cohen d coefficient interpre-
tation. For all study data, P � .05 were considered signif-
icant. We used the Student t test for the independent sam-
ple for quantitative data and for comparisons between the
subjects with COPD and the healthy subjects, and analysis
of variance for comparisons within the COPD group. We
used the Pearson correlation test to measure the correlation
between diaphragmatic mobility and lung function. Data
were analyzed by using SPSS package version 20.0 (SPSS,
Chicago, Illinois).

Ethical Aspects

Informed consent was obtained from all the partici-
pants, and the procedures were conducted according to
the Declaration of Helsinki,29 and according to Italian
laws for the subjects with respect to their privacy and
data confidentiality (D.L. 196/2003). The protocol was
approved by the ethics committee from the Piedmont
health system (40/2016).

Results

From March to September 2016, 52 consecutive sub-
jects (13 women) underwent the first assessment. Two
subjects were excluded, one presented with an inverted
contraction of the diaphragm and another died during the
hospitalization. Of the 46 subjects who fit the inclusion
criteria (FVC:FEV1 � 0.70), 16 did not complete the pro-
tocol (4 strokes, 6 myocardial infarction, 4 cardiogenic
pulmonary edema, and 2 thrombophlebitis). In addition,
16 healthy volunteers underwent a protocol, including spi-
rometry and ultrasonographic examination.

The mean � SD length of stay was 31 � 8 d. At the
beginning of pulmonary rehabilitation, the subjects with
COPD presented with severe airway obstruction and lung
hyperinflation, and with a severe reduction of carbon mon-
oxide lung diffusion, and they walked 50% of their pre-
dicted distance for the 6-min walk test. Their mean � SD
diaphragmatic mobility was 2.09 � 0.8 cm for rest breath-

ing and 4.75 � 1.58 cm for deep inspiration. Described
in Table 1 are the characteristics for anthropometry, lung
function tests, and diaphragmatic ultrasonography for sub-
jects with COPD and the healthy subjects. Also, the dif-
ferences for diaphragmatic mobility between the healthy
individuals and the subjects with COPD, classified accord-
ing to air-flow limitation severity, are presented in Table
1. The 16 healthy individuals presented with normal pul-
monary function testing values. Diaphragmatic mobility
for rest breathing was 1.27 � 0.3 cm, and the mean � SD
diaphragmatic mobility for the deep inspiration until the
total lung capacity was 6.93 � 1.15 cm. We observed that
there was a significant statistical difference between the
mean diaphragmatic mobility at both rest breathing and
deep inspiration between healthy individuals and the sub-
jects with COPD. The results for the 6-min walk test in the
subjects with COPD are presented in Table 2.

Diaphragmatic mobility during rest breathing was higher
in the subjects with COPD when compared with the healthy
individuals. In contrast with this finding, diaphragmatic
mobility for the deep inspiration was lower in the subjects
with COPD. The inspiratory capacity was lower in the
subjects with COPD when compared with the healthy in-
dividuals. This difference was significant in all COPD
groups (Table 1), and the inspiratory capacity improved
for all the subjects with COPD (Table 3).

The correlation of FEV1% predicted and diaphragmatic
mobility during rest breathing (r � �0.74, P � .001) and
deep inspiration (r � 0.796, P � .001) (n � 45) are
demonstrated in Figure 3. The correlation between dia-
phragmatic mobility and the lung function test was also
positive between deep inspiration and the inspiratory ca-
pacity (r � 0.64, P � .001) and the expiratory reserve
volume (r � 0.63, P � .001) (n � 45) (Fig. 4). Diaphrag-
matic mobility correlations between rest breathing and deep
inspiration and the inspiratory capacity to total lung ca-
pacity ratio were both moderate but negative (r � �0.51,
P � .01) and positive (r � 0.50, P � .01) presented in
Figure 5.

The impact of pulmonary rehabilitation on diaphrag-
matic mobility in all the subjects with COPD was assessed
by comparing the mean variables measured before and
after pulmonary rehabilitation. Diaphragmatic mobility
during rest breathing was unchanged in the subjects with
COPD after pulmonary rehabilitation. However, an im-
provement of diaphragmatic mobility (P � .01) during
deep inspiration was observed after pulmonary rehabilita-
tion. This improvement was associated with an increase in
the inspiratory capacity (P � .040). The arterial blood gas
analyses results did not present any statistic significant
improvement (Table 3).

The intraclass correlation coefficient for intra-examiner
reliability for the measurements of the diaphragmatic mo-
bility in rest breathing for all the subjects who completed

PULMONARY REHAB FOR DIAPHRAGMATIC MOBILITY LOSS

1274 RESPIRATORY CARE • OCTOBER 2018 VOL 63 NO 10



the pulmonary rehabilitation ranged from 0.95 to 0.98, and
the standard error of measurement ranged from 1.16 to
1.85 cm for the assessment before and after the pulmonary

rehabilitation, respectively, in comparisons of the mean
value for the 3 movements recorded. The test-retest bias
was �0.06, with 95% limits of agreement that ranged

Table 1. Anthropometric Data, Lung Function Test, 6-Min Walk Test, and Diaphragmatic Ultrasonography, All Subjects With COPD and
According to the Airflow Limitation Severity

Variable
Healthy

Individuals
(n � 16)

All Subjects
With COPD

(n � 46)

Subjects With COPD Who Completed the
Pulmonary Rehabilitation, and According to

the Airflow Limitation Severity (n � 30)

GOLD 2 GOLD 3 GOLD 4

Anthropometric data
Subjects, n (women) 16 (9) 46 (11) 6 (0) 13 (6) 11 (1)
Age, mean � SD y 34 � 9 72 � 10 76.5 � 7 70 � 8 65 � 15
Weight, mean � SD kg 74 � 32 61.5 � 11.5 71.2 � 13.7 62 � 15 57.8 � 10.6
Height, mean � SD m 1.62 � 26 1.62 � 9.3 1.66 � 9 1.60 � 8 1.61 � 7.5
BMI, mean � SD kg/m2 22 � 6 23.5 � 4.3 25.8 � 5.5 24.1 � 5 22 � 4.5

Lung function, mean � SD
FVC, L 4.75 � 14 2.11 � 0.6 2.88 � 0.56 1.96 � 0.4 1.8 � 0.5
FVC % pred 106 � 30 72 � 17 88.6 � 8.6 71.4 � 12.8 57 � 13
FEV1, L 4.04 � 1.36 0.88 � 0.36 1.46 � 0.2 0.82 � 0.11 0.5 � 0.1
FEV1 % pred 103 � 30 40.6 � 16 60 � 7 38.5 � 5.7 21.7 � 4
FVC:FEV1 78 � 20 41.7 � 11.4 51.42 � 6.5 43.6 � 9.5 30 � 4.6
FEF25-75, L/s 4.32 � 1.55 0.33 � 0.15 0.5 � 0.1 0.32 � 0.07 0.2 � 0.05
FEF25-75, % pred 92 � 32 13 � 6.5 20.6 � 4.3 12.4 � 3.3 6.9 � 1.9
ERV, L 1.28 � 0.55 0.76 � 0.31 0.96 � 0.4 0.67 � 0.3 0.8 � 0.3
IC, L 3.26 � 1.01 1.54 � 0.41 2.19 � 0.3* 1.53 � 0.3†� 1.24 � 0.2†
VC, L 4.52 � 1.4 2.23 � 0.62 2.9 � 0.5 2.14 � 0.57 1.9 � 0.5
VC, % 101 � 32 75 � 19 86.4 � 5.63 73.8 � 20.4 58 � 12
IRV, L 2.48 � 0.9 0.78 � 0.29 1.13 � 0.36 0.80 � 0.3 0.6 � 0.2
VT, L 0.77 � 0.3 0.73 � 0.23 0.97 0.7 � 0.18 0.63 � 0.15
DLCO, % pred 80 � 12 37.3 � 15.5 35.5 � 31.5 43.4 � 13.3 25 � 5.6
TGV, L 3.7 � 1 5.5 � 1.9 5.39 � 1.0 5.18 � 1.9 6.41 � 1.35
TGV, % pred 124 � 27.6 170 � 50 168.6 � 51 172 � 51 200 � 40
TLC, L 6.6 � 2 6.95 � 2 7.55 � 1.2 6.72 � 2 7.6 � 1.7
TLC, % pred 112 � 19 123.5 � 26.9 121 � 19 127 � 30 133 � 24
RV, L 2 � 0.7 4.9 � 1.7 4.9 � 1.1 4.6 � 1.6 5.85 � 1.62
RV, % pred 115 � 45 208 � 75 186 � 40.6 212 � 65 262 � 83
RV:TLC, % 28.5 � 7 69.4 � 9.2 64.3 � 6.3 68 � 7 76 � 6
IC:TLC, % 47.5 � 8 22.6 � 7 28.2 � 5 23.9 � 5 16.7 � 3

Diaphragmatic mobility, mean � SD
Rest breathing (mean), cm 1.27 � 0.3 2.09 � 0.8 2.74 � 0.7† 1.95 � 0.8‡ 2.52 � 0.6†
Deep inspiration, cm 6.93 � 1.15 4.75 � 1.58 5.61 � 1.6§ 4.4 � 1.7† 4.6 � 2‡

* P � .02.
† P � .001, for all P values: Student t test to compare COPD groups with healthy individuals.
‡ P � .002.
§ P � .05.
GOLD � Global Initiative for Chronic Obstructive Lung Disease. GOLD 2: 50% � FEV1 � 80%, GOLD 3: 30% � FEV1 � 50%, GOLD 4: FEV1 � 30%
BMI � body mass index
% pred � percent predicted
FEF25-75 � forced expiratory flow during the middle half of the FVC maneuver
ERV � expiratory reserve volume
IC � inspiratory capacity
VC � vital capacity
IRV � inspiratory reserve volume
VT � tidal volume
DLCO � Carbon Monoxide Lung Diffusion
TGV � thoracic gas volume
TLC � total lung capacity
RV � residual volume
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from �0.23 to 0.93, and standards error of measurements
of 0.47.

Discussion

The main results of our research can be summarized as
follows. First, the diaphragmatic mobility demonstrated
significant differences between the subjects with COPD
and the healthy controls. During resting breathing, mobil-
ity was statistically and clinically higher, especially at the
beginning of the rehabilitation program, without improve-
ments thereafter. Diaphragmatic mobility during deep in-
spiration was lower than in the healthy controls, but im-
proved after rehabilitation, and those improvements were
followed by improvements of the inspiratory capacity. Sec-
ond, diaphragmatic mobility reduction was correlated to
loss in lung function.

Diaphragmatic Mobility Modifications During Rest
Breathing

In our study, diaphragmatic mobility recorded during
rest breathing by M-mode ultrasonography was higher in
the subjects with COPD than in the controls. The increase
in diaphragmatic mobility during rest breathing was con-
sistent with the inspiratory effort increase caused by lung
hyperinflation as verified on the lung function tests. In
these circumstances, end-expiratory lung volume was above
the relaxation volume, which resulted in an intrinsic PEEP
that needed to be overcome by the inspiratory muscles
before inspiratory flow could start. Research from
Similowski et al30 demonstrated, through measurements of
transdiaphragmatic pressure in stable COPD subjects, that
the diaphragmatic ability to transform the transdiaphrag-

matic pressure into an inspiratory fall in intrathoracic pres-
sure, decreased similarly with increasing lung volumes in
healthy individuals and subjects with COPD. This finding
indicated that diaphragmatic strength was restored by a
compensatory mechanism.

Besides the fact that, in Similowski’s study, the dia-
phragmatic mobility was not assessed, it is possible to
presume that those compensatory mechanisms may restore
the diaphragmatic strength in a COPD subject. Further-
more, an in vivo study also demonstrated that the average
diaphragmatic isometric tension or average peak force in
subjects with COPD is similar to those found in healthy
individuals.9

Diaphragmatic mobility under an increased respiratory
load was described by using M-mode ultrasonography in
healthy individuals and it was reported as an increase in
the diaphragmatic excursions during rest breathing, from
(mean � SD) 1.7 � 0.5 cm to 2.1 � 0.9 cm,31 so it is not
surprising that, in our study, diaphragmatic mobility at rest
was higher in the subjects with COPD compared with the
healthy individuals. Also, the inverse correlation between
the FEV1% predicted and the diaphragmatic mobility at
rest breathing supported the relationship between the se-
verity of airway obstruction and the inspiratory work of
the diaphragm.

Diaphragmatic Mobility Modifications During Deep
Inspiration

Diaphragmatic mobility during deep inspiration con-
trasted with the mobility during rest breathing. It was lower
in the subjects with COPD when compared with the healthy
controls. This decrease seemed to be related to COPD
severity, and, indeed, our study identified an inverse cor-

Table 2. Six-Min Walk Test for All the Subjects With COPD and for the Subjects Who Completed Pulmonary Rehabilitation, According to
Airflow Limitation Severity

Variable
All Subjects With
COPD (n � 46)

Subjects Who Completed
Pulmonary Rehabilitation (n � 30)

GOLD 2 GOLD 3 GOLD 4

Subjects, n (women) 46 (11) 6 (0) 13 (6) 11 (1)
SpO2

(%), mean � SD 89 � 7 87 � 13 90 � 5 87 � 8
HR, mean � SD beats/min 108 � 14 104 � 16 110 � 9 117 � 10
f, breaths/min mean � SD breaths/min 26 � 5 25 � 5 18 � 3 26 � 5
MBS dyspnea, mean � SD 4 � 2 1.7 � 1.5 4 � 3 6 � 2
MBS muscle, mean � SD 4 � 3 3 � 1.5 3 � 3 5.7 � 3
Distance walked, mean � SD m 235 � 103 240 � 93 288 � 101 160 � 47
Distance walked, mean � SD % predicted 50 � 23 52 � 12 59 � 25 31 � 14

GOLD � Global Initiative for Chronic Obstructive Lung Disease. GOLD 2: 50% � FEV 1 � 80%, GOLD 3: 30% � FEV1 � 50%, GOLD 4: FEV1 � 30%
HR � Heart rate
MBS � modified Borg scale
f � breathing frequency
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relation between diaphragmatic mobility during deep in-
spiration and COPD severity. Furthermore, the correlation
between the diaphragmatic mobility and the lung function
test was positive between deep inspiration and the inspira-
tory capacity, expiratory reserve volume, and the inspira-

tory capacity to total lung capacity ratio. These results
agreed with previous findings, in which the diaphragmatic
mobility reduction was associated with emphysema sever-
ity32 These results agreed with previous findings, recorded
on B-mode ultrasonography, which demonstrated a reduc-
tion of diaphragmatic mobility on inspiratory and expira-
tory forced breathing in subjects with COPD.18 It was also
demonstrated that the subjects with COPD who were se-
verely hyperinflated had less diaphragmatic mobility than
the healthy individuals and that this impairment was
strongly associated with static air trapping measured by
the residual volume to total lung capacity ratio.19 With
regard to deep inspiration, our results also agreed with a
recent systematic review, which demonstrated that dia-
phragmatic mobility pathologic values are lower.33

The results of the pulmonary function test, in which the
total lung capacity was (mean � SD) 124 � 27% pre-
dicted value and residual volume was (mean � SD)
208 � 75% predicted suggested that our subjects with
COPD had static pulmonary gas trapping, and the impact
of dynamic lung hyperinflation on diaphragmatic mobility
was demonstrated by the positive correlation between the
diaphragmatic mobility during deep inspiration and both
inspiratory capacity and the inspiratory capacity to total
lung capacity ratio (Figs. 3 and 4).

Rehabilitation Effect on the Diaphragmatic Mobility

Pulmonary rehabilitation provides several improvements
to patients with COPD, especially in quality of life and
tolerance to exercises.34 However, there is an important
lack of information on the effect of pulmonary rehabilita-
tion on other functional outcomes. To our knowledge, this
was the first study that assessed the impact of pulmonary
rehabilitation on diaphragmatic mobility by using M-mode
ultrasonography. Previously, diaphragmatic mobility was
assessed with fluoroscopy, in which the investigators also
found increased diaphragmatic mobility during deep in-
spirations after pulmonary rehabilitation, but those find-
ings were expressed in mm2, so it was not possible to
extrapolate their findings from the results that we observed
on the direct measurement of the diaphragmatic dome dis-
placement.35

In our study, the subjects who completed pulmonary
rehabilitation increased their diaphragmatic mobility only
during deep inspiration, without any differences at rest
breathing. The increase was not only statistically but also
clinically important and ranged from (mean � SD)
4.58 � 1.83 cm to (mean � SD) 5.45 � 1.56 cm, which
increased more than 1 cm on its maximal excursion, with
low effect size, and which surpassed the normal values
stated in previous reports13,36 and confirmed in our study.
So we can state that diaphragmatic mobility assessment
plays a role not only in the muscle mobility, but also

Table 3. Comparisons on Lung Function Tests, Arterial Blood Gas
Analyses, 6-Min Walking Test, and Diaphragmatic
Ultrasonography on All Subjects With COPD Who
Completed the Rehabilitation Program

Variable
Pulmonary Rehabilitation

Before After

Lung function
FVC, L 2.07 � 0.7 2.16 � 0.8
FVC, % pred 70 � 18 73 � 20
FEV1, L 0.9 � 0.5 0.97 � 0.5
FEV1, % pred 40 � 18 42 � 21
FVC:FEV1 44 � 15 44 � 14
IC, L 1.58 � 0.5 1.7 � 0.6*
VC, L 2.2 � 0.7 2.3 � 0.7
VC, % pred 73 � 19 76 � 21
TLC, L 7.1 � 2 7.1 � 2
TLC, % pred 127 � 26 133 � 40
RV, L 5.07 � 1.6 5.06 � 1.7
RV, % pred 222 � 74 221 � 76
RV:TLC, % 70 � 8 70 � 10
IC:TLC, % 22.6 � 7 25 � 6

Arterial blood gas analyses
pH 7.43 � 0.03 7.43 � 0.03
PaO2

, mm Hg 78 � 15 70 � 10*
PaCO2

, mm Hg 44 � 12 41 � 7
HCO3, mm Hg 28 � 4 27 � 3
SpO2

, % 95 � 2 94 � 2†
Oxygen flow, L/min 2 � 1 1 � 1.5

6-min walk test
SpO2

(%) 89 � 8 90 � 7
HR, beats/min 110 � 13 109 � 12
f, breaths/min 27 � 7 24 � 6

MBS dyspnea 4 � 3 3.5 � 2
MBS muscle 4 � 3 3 � 2

Distance walked, m 226 � 95 280 � 80†
Distance walked, % pred 48 � 22 60 � 21

Diaphragmatic mobility
Rest breathing, cm 2.25 � 0.83 2.53 � 0.82
Deep inspiration, cm 4.58 � 1.83‡ 5.45 � 1.56‡

n � 30.
Data are mean � SD.
* P � .04.
† P � .03.
‡ P � .01, P values for Student t test
% pred � percent predicted
IC � inspiratory capacity
VC � vital capacity
TLC � total lung capacity
RV � residual volume
HR � heart rate
f � breathing frequency
MBS � modified Borg scale
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demonstrates the reduction of dynamic hyperinflation in
subjects with severe and very-severe airway obstruction.

The loss of diaphragmatic mobility may not just repre-
sent a mechanical respiratory impairment. In patients with
severe and very-severe COPD, the level of diaphragmatic
mobility dysfunction may also represent a higher risk of
death.37 It is known that diaphragmatic ultrasonography, in
both B- and M-mode, may not replace body plethysmog-
raphy to determine COPD severity,11 but the addition of
this information in the rehabilitation process may help
health professionals to better understand the functional
impact of diaphragmatic dysfunction.

Diaphragmatic dysfunction is defined as an expression
of reduction of the physical capacity and of the presence of

air trapping, besides pulmonary hyperinflation.18 Because
we verified that that our sample presented inspiratory capac-
ity increases that were correlated to diaphragmatic mobility
improvements during deep inspirations, we demonstrated that
it was possible to determine whether this improved their dy-
namic hyperinflation after pulmonary rehabilitation.

Therefore, we demonstrated that this dysfunction can be
reverted, especially in subjects with severe airway obstruc-
tion, as previously published.35 Furthermore, M-mode
ultrasonography had the advantage that our subjects were
not exposed to ionization. The assessment after a COPD
diagnosis is important to determine functional impairment.
There are still many questions to be answered, and the
search for other feasible outcomes is needed and also rec-
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ommended.38 In this context, we believed that such assess-
ment, especially during rehabilitation, provided relevant
functional and clinical outcomes to manage the patient
with COPD.

Even though current literature on diaphragmatic mobil-
ity in healthy subjects is not consensual regarding the mean
values for rest breathing and deep inspiration motion,36 it
was imperative to verify those outcomes to establish real
parameters to determine the differences between healthy
and COPD subjects. In our research, the healthy subjects
presented values statistically similar to those found in pre-
vious papers that determined normal values for rest breath-
ing and deep inspiration when using the same protocol,13,36

with a slight physiologic difference during rest breathing
(a lower mean value that can be considered similar when
considering the SD), explainable by the sample size. Other
trials reported different values, especially for the diaphrag-
matic mobility at total lung capacity, but those studies had
different methods, purposes, and populations.11,38-43 We
also confirmed the intra-examiner variability lower than
5% reported by Testa et al36 for the measurements of the
diaphragmatic mobility on rest breathing for all subjects
with COPD, which demonstrated the reliability and repro-
ducibility of this measurement in such subjects.

Study Limits

The main limitation of our study was the design. Be-
cause it was an observational study, it was not possible to
compare with a group with no pulmonary rehabilitation.
As we see, it is more than a design limitation, but a ethical
issue not possible to cross because we do not feel to un-
treat subjects with COPD, eligible to perform the pulmo-
nary rehabilitation, after its exacerbation. The age differ-
ence between the subjects with COPD and the healthy
individuals could be considered a limitation; nevertheless,
previous studies on diaphragmatic mobility13,36 demon-
strated no correlation between age and diaphragmatic mo-
bility. Our methods did not allow us to establish new
parameters, specifically to assess lung function, nor to
make any new cutoff points to determine respiratory dis-
tress, and we think that these limitations may be another
frontier to be crossed.

Conclusions

In this research, the ultrasonography on M-mode pro-
vided relevant information regarding the influence of se-
vere COPD on diaphragmatic mobility. Our results sup-
ported previous findings that COPD alters diaphragmatic
function. The decrease in diaphragmatic mobility during
slow deep inspirations could be improved by pulmonary
rehabilitation, and this result was associated with improve-
ments in lung function tests. Our methods and sample size

enabled us to state that ultrasonography on M-mode can
provide important reproducible information regarding the
diaphragm mobility.
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