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ABSTRACT
Objective: To investigate the applicability of ultrasound imaging of the diaphragm in 
interstitial lung disease (ILD). Methods: Using ultrasound, we compared ILD patients and 
healthy volunteers (controls) in terms of diaphragmatic mobility during quiet and deep 
breathing; diaphragm thickness at functional residual capacity (FRC) and at total lung 
capacity (TLC); and the thickening fraction (TF, proportional diaphragm thickening from 
FRC to TLC). We also evaluated correlations between diaphragmatic dysfunction and 
lung function variables. Results: Between the ILD patients (n = 40) and the controls (n = 
16), mean diaphragmatic mobility was comparable during quiet breathing, although it was 
significantly lower in the patients during deep breathing (4.5 ± 1.7 cm vs. 7.6 ± 1.4 cm; p < 
0.01). The patients showed greater diaphragm thickness at FRC (p = 0.05), although, due 
to lower diaphragm thickness at TLC, they also showed a lower TF (p < 0.01). The FVC 
as a percentage of the predicted value (FVC%) correlated with diaphragmatic mobility (r 
= 0.73; p < 0.01), and an FVC% cut-off value of < 60% presented high sensitivity (92%) 
and specificity (81%) for indentifying decreased diaphragmatic mobility. Conclusions: 
Using ultrasound, we were able to show that diaphragmatic mobility and the TF were 
lower in ILD patients than in healthy controls, despite the greater diaphragm thickness 
at FRC in the former. Diaphragmatic mobility correlated with ILD functional severity, 
and an FVC% cut-off value of < 60% was found to be highly accurate for indentifying 
diaphragmatic dysfunction on ultrasound.

Keywords: Diaphragm/ultrasonography; Lung diseases, interstitial; Respiratory muscles; 
Respiratory function tests.
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INTRODUCTION

Interstitial lung diseases (ILDs) are a heterogeneous 
group of pulmonary disorders characterized by breath-
lessness and decreases in lung volume, gas exchange, 
and exercise tolerance, as well as by poorer quality of 
life and lower survival.(1) Although those characteristics 
have been attributed to the parenchymal involvement, 
that concept was recently challenged because it has also 
been found that peripheral muscle function is impaired in 
patients with ILD.(2-4) In addition, diaphragm weakness 
and expiratory muscle fatigue after maximal exercise have 
been detected in ILD patients.(5-9) The main hypotheses 
for respiratory muscle dysfunction in ILD are related to 
systemic inflammation, disuse, hypoxia, malnutrition, 
corticosteroid use, and overload due to the increased 
elastic recoil of the lung.(6,7,10,11)

Ultrasound imaging of the diaphragm has been broadly 
applied in some chronic respiratory diseases, such as 
COPD, asthma, cystic fibrosis, and diaphragmatic paralysis, 
as well as during weaning from mechanical ventilation.
(12-19) In comparison with other imaging methods, this 
technique has diverse advantages, such as the absence 
of radiation, portability, real-time imaging, and the fact 

that it is noninvasive. In addition, reduced diaphragmatic 
mobility and diaphragm thickness, as determined by 
ultrasound, has proven to be a good predictor of failure 
to wean from mechanical ventilation(18) and has been 
shown to correlate significantly with disease severity 
in COPD.(15)

We hypothesized that, on ultrasound, ILD patients 
would present diaphragm dysfunction, characterized 
by lower diaphragmatic mobility and less diaphragm 
thickening, when compared with healthy age- and 
gender-matched controls. We also hypothesized that such 
diaphragm dysfunction would correlate with the extent 
of the parenchymal involvement, as quantified by FVC, 
an index used in order to follow up and determine the 
prognosis in ILD patients.(20)

METHODS

Patients and controls
We recruited 40 consecutive patients from an ILD 

outpatient clinic at a tertiary care teaching hospital. 
The diagnosis of ILD was based on clinical features and 
pulmonary function test (PFT) results, as well as on the 
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findings of CT scans of the chest, bronchoalveolar 
lavage, and (in some cases) lung biopsy. Patients 
were excluded if they required home oxygen therapy, 
had an active infection, or had been diagnosed with 
a neuromuscular disease associated with ILD. We 
recruited a control group of 16 healthy volunteers 
who were matched to the patients for age, gender, 
body mass index, and smoking status. The study was 
approved by the Research Ethics Committee of the 
University of São Paulo School of Medicine Hospital das 
Clínicas (Protocol no. 0835/11), and all participants 
gave written informed consent.

Measurements 
We recorded demographic data, as well as data related 

to comorbidities, corticosteroid use, immunosuppression 
therapy, smoking, and dyspnea, as quantified with the 
modified Medical Research Council (mMRC) scale.(21) 
Each of the patients and volunteers underwent PFTs and 
ultrasound imaging of the diaphragm on the same day.

PFTs
In all patients and control subjects, we used a 

calibrated pneumotachograph (Medical Graphics 
Corporation, St. Paul, MN, USA) to obtain the following 
variables: FVC, FEV1, and inspiratory capacity. Using 
a body plethysmograph (Elite Dx; Medical Graphics 
Corporation), we also measured lung volumes: functional 
residual capacity (FRC) and total lung capacity (TLC). 
Predicted values were those derived for the Brazilian 
population.(22)

Ultrasound imaging of the diaphragm
In all patients and controls, we performed ultrasound 

imaging of the diaphragm using a portable ultrasound 
system (Nanomaxx; Sonosite, Bothell, WA, USA). During 
the procedure, patients were in a semi-recumbent 
position with a peripheral oxygen saturation ≥ 92%, 
receiving supplementary oxygen if necessary. For the 
evaluation of diaphragmatic mobility, we placed a 2-5 
MHz convex transducer over the anterior subcostal 
region between the midclavicular and anterior axillary 
lines. The transducer was angled medially and anteriorly 
so that the ultrasound beam would reach the posterior 
third of the right hemidiaphragm. The ultrasound was 
used in B-mode to visualize the diaphragm and then in 
M-mode to measure the amplitude of the cranio-caudal 
diaphragmatic excursion during quiet breathing and 
deep breathing.(23,24) We recorded the averaged value 
of three consecutive measurements. We also assessed 
the mobility of the diaphragm during a sniff test in order 
to exclude the presence of paradoxical movement.

Diaphragm thickness was measured in B-mode 
with a 6-13 MHz linear transducer placed over the 
diaphragm apposition zone, near the costophrenic 
angle, between the right anterior and medial axillary 
lines. Diaphragm thickness was measured from the 
most superficial hyperechoic line (pleural line) to the 
deepest hyperechoic line (peritoneal line).(25-27) We 
measured the thickness of the diaphragm at FRC 

and then at TLC. Again, the averaged value of three 
consecutive measurements was recorded for each. We 
also calculated the thickening fraction (TF, proportional 
thickening of the diaphragm from FRC to TLC), as 
defined by the following equation:
TF = [(Tmin − Tmax)/Tmin] × 100
where Tmin is the minimum thickness of the diaphragm 
(measured at FRC) and Tmax is the maximum thickness 
of the diaphragm (measured at TLC).

Statistical analysis
Categorical data are presented as absolute and 

relative frequency. Continuous data are presented as 
mean ± standard deviation or as median and 25-75% 
interquartile range, as appropriate. Categorical variables 
were compared using the chi-square test or Fisher’s 
exact test. Continuous variables were compared using 
the Student’s t-test or Mann-Whitney test, according 
to their distribution.

We used a linear model as well as an exponential 
model to correlate PFT variables with diaphragmatic 
mobility and diaphragm thickness. To identify the PFT 
variable that presented the strongest correlation with 
the diaphragmatic mobility or diaphragm thickness, 
we used a ROC curve, thus also identifying the best 
PFT cut-off value for identifying abnormalities in 
diaphragmatic mobility or diaphragm thickening. 
Diaphragmatic dysfunction was defined as showing 
values for diaphragmatic mobility or diaphragm thickness 
that were below the 95% confidence interval of the 
values obtained for the controls.

To adjust for possible confounders and to evaluate 
risk factors associated with the occurrence of 
diaphragmatic dysfunction, we performed a logistic 
regression analysis. To avoid overfitting of the logistic 
regression model, we did not use stepwise procedures 
and chose the predictor variables that yielded p < 0.20 
in a univariate regression analysis and had clinical 
relevance. Four independent variables (age, body 
mass index, the percentage of the predicted FVC, and 
the percentage of the predicted FEV1) were selected 
for the logistic regression model. Values of p ≤ 0.05 
were considered statistically significant. All statistical 
analyses were performed with the IBM SPSS Statistics 
software package, version 20.0 (IBM Corporation, 
Armonk, NY, USA).

RESULTS

The controls were well matched to the patients for 
age, gender, body mass index, and smoking status. As 
expected, lung volumes were lower in the ILD patients 
than in the controls (Table 1). The etiologies of the 
ILD were as follows: usual interstitial pneumonia (n = 
6); nonspecific interstitial pneumonia (n = 7); fibrotic 
hypersensitivity pneumonitis (n = 5); giant mixed 
desquamative interstitial pneumonia (n = 1); associated 
connective tissue disease (n = 9); sarcoidosis (n = 2); 
pneumoconiosis (n = 2); and unknown (n = 8). Most of 
the patients had never used corticosteroids. However, 
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a significant proportion had breathlessness, more 
than 60% scoring ≥ 2 on the mMRC scale (Table 1).

Diaphragmatic mobility during quiet breathing did 
not differ significantly between the patients and the 
controls. However, during deep breathing, the degree 
of diaphragmatic mobility was lower in the patients 
(Table 2). None of the patients presented paradoxical 
movement of the diaphragm during the sniff test.

The diaphragm thickness at FRC was significantly 
higher in the patients than in the controls. However, 
the diaphragm thickness at TLC was significantly lower 
in the patients, resulting in a lower TF (Table 2).

None of the PFT variables correlated with diaphragm 
thickness at FRC, diaphragm thickness at TLC, the 

TF, or diaphragmatic mobility during quiet breathing 
(Table 3). However, diaphragmatic mobility during 
deep breathing correlated with all of the PFT variables 
(Table 3). The correlations were slightly stronger when 
we used exponential fitting than when we used linear 
fitting (Figure 1), and the strongest correlation was for 
FVC as a percentage of the predicted value; patients 
with lower FVC had lower diaphragmatic mobility during 
deep breathing. After we adjusted for confounders (age, 
body mass index, and the percentage of the predicted 
FEV1), the percentage of the predicted FVC was the 
only factor associated with decreased diaphragmatic 
mobility during deep breathing (p = 0.01), as shown 
in Table 4.

Table 1. Characteristics of healthy volunteers (controls) and interstitial lung disease patients.a

Characteristic Controls Patients p
(n = 16) (n = 40)

Age, years 55 ± 11 55 ± 15 0.81
Male gender, n (%) 8 (50) 23 (57) 0.61
BMI, kg/m2 26.8 ± 3.6 25.6 ± 4.5 0.32
Smoking status, n (%) 0.99

Never smoker 12 (75) 30 (75)
Former smoker 4 (25) 10 (25)
Current smoker 0 0

FVC, L 3.26 ± 0.73 1.96 ± 0.71 < 0.01
FVC, % of predicted 88 ± 9 57 ± 16 < 0.01
FEV1, L 2.68 ± 0.63 1.67 ± 0.58 < 0.01
FEV1, % of predicted 90 ± 10 62 ± 19 < 0.01
FEV1/FVC ratio 0.82 ± 0.05 0.85 ± 0.06 0.04
TLC, % of predicted 61 ± 12
Corticosteroid use, n (%)

Never - 24 (60)
Current - 16 (40)

Prednisone, < 20 mg/day - 10 (62.5)
Prednisone, ≥ 20 mg/day - 6 (37.5)

mMRC scale score, n (%)
0 (no dyspnea) - 0 (0)
1 (mild dyspnea) - 12 (30)
2 (moderate dyspnea) - 16 (40)
3 (severe dyspnea) - 10 (25)
4 (very severe dyspnea) - 2 (5)

aValues expressed as mean ± SD, except where otherwise indicated. BMI: body mass index; TLC: total lung 
capacity; and mMRC: modified Medical Research Council.

Table 2. Diaphragmatic mobility, diaphragm thickness, and the thickening fraction (proportional diaphragm thickening from 
functional residual capacity to total lung capacity) in interstitial lung disease patients and healthy volunteers (controls).a

Variable Controls Patients p
(n = 16) (n = 40)

Diaphragmatic mobility
During quiet breathing (cm) 1.78 ± 0.58 1.80 ± 0.67 0.91
During deep breathing (cm) 7.62 ± 1.44 4.46 ± 1.73 < 0.01

Diaphragm thickness
At functional residual 
capacity (cm) 

0.17 ± 0.04 0.19 ± 0.03 0.05

At total lung capacity (cm) 0.40 ± 0.10 0.32 ± 0.08 < 0.01
Thickening fraction (%) 131 ± 55 62 ± 32 < 0.01
aValues expressed as mean ± SD.
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The 95% confidence interval for diaphragmatic mobility 
during deep breathing was 4.80-10.44 cm, and values 
below 4.80 cm during deep breathing were therefore 
considered indicative of decreased diaphragmatic 
mobility. A cut-off value of 60% of the predicted FVC 
had the highest accuracy for identifying decreased 
diaphragmatic mobility, with a sensitivity of 92%, a 
specificity of 81%, a positive predictive value of 88%, 
and a negative predictive value of 87% (Figure 2).

DISCUSSION

In the present study, we showed that patients with 
ILD presented decreased diaphragmatic mobility during 
deep breathing and a lower TF, in comparison with the 
control subjects. We also showed that diaphragmatic 
dysfunction is associated with the percentage of the 
predicted FVC and that a cut-off value of 60% of the 
predicted FVC has high accuracy for the diagnosis of 
diaphragm dysfunction.

The standardization of techniques has made the 
measurement of diaphragmatic mobility and diaphragm 
thickness feasible and reproducible, promoting the 
use of ultrasound imaging of the diaphragm in many 
respiratory diseases, such as asthma, cystic fibrosis, 
COPD, diaphragmatic paralysis, acute respiratory failure, 
and mechanical ventilation weaning.(12-14,17,28) To our 
knowledge, there has been only one previous study 
using ultrasound to evaluate the diaphragms of ILD 
patients and showing that diaphragmatic mobility was 
similar between ILD patients and healthy controls. (23) 
However, the sample in that study was small (18 
patients) and was composed exclusively of patients 
with idiopathic pulmonary fibrosis. In addition, the 
authors did not evaluate diaphragm thickness.(29)

There are several possible causes of diaphragm 
atrophy in ILD patients, such causes including systemic 
inflammation, disuse, hypoxia, malnutrition, and 
respiratory myopathy secondary to the use of corti-
costeroids. (6,7,10,11) In contrast, the diaphragm overload 
resulting from the increased elastic recoil of the lung 
can, due to a training effect, increase diaphragm muscle 
mass.(30) The effects of those opposing forces depend 

on the extent of the parenchymal involvement, disease 
duration, use of drugs, hypoxemia level, physical activity 
level, and individual susceptibility. Previous studies 
using volitional tests reported unaltered respiratory 
muscle function in ILD patients.(31,32) However, two 
recent studies using non-volitional tests, although 
not employing ultrasound, demonstrated respiratory 
muscle dysfunction in ILD patients.(5,9) These discrepant 
results regarding the impact of the ILD on inspiratory 
muscle strength might be due to differences in the 
severity of ILD among the studies. 

In patients with COPD, it has been shown that lung 
hyperinflation shifts the diaphragm caudally, imposing 
a mechanical disadvantage upon it.(33) In contrast, the 
decreased lung volume in ILD patients dislodges the 
diaphragm cranially, imposing an equivalent mechanical 
disadvantage, although it does so by shortening the 
radius of the diaphragm. In addition, the increased 
elastic recoil of the lung impairs diaphragmatic 
mobility during inspiration. Therefore, it should not 

Table 3. Pulmonary function test variables in correlation with diaphragmatic mobility during deep breathing and with 
the thickening fraction (proportional diaphragm thickening from functional residual capacity to total lung capacity).

Variable Diaphragmatic 
mobility during 
deep breathing

Thickening fraction Diaphragmatic 
mobility 

during deep 
breathing

Thickening 
fraction

Linear fitting Exponential fitting
r p r p r p r p

FVC (% of 
predicted)a

0.72 < 0.01 0.22 0.17 0.73 < 0.01 0.24 0.14

FEV1 (% of 
predicted)a

0.68 < 0.01 0.23 0.14 0.70 < 0.01 0.22 0.18

IC (% of 
predicted)b

0.38 0.05 0.17 0.41 0.42 0.03 0.09 0.69

TLC (% of 
predicted)c

0.50 < 0.01 0.20 0.27 0.53 < 0.01 0.27 0.14

IC: inspiratory capacity; and TLC: total lung capacity. an = 40. bn = 25. cn = 31. 

Figure 1. Linear and exponential correlations between 
diaphragmatic mobility during deep breathing and FVC as 
a percentage of the predicted value.
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be surprising that diaphragmatic mobility is reduced 
under these conditions of reduced lung volumes. 
However, the relationship between pulmonary volume 
and diaphragm excursion is debated and controversial 
in the literature. Cohen et al.,(34) studying ten normal 
subjects, recorded simultaneously the diaphragmatic 
excursion (using ultrasound in M-mode) and the tidal 
volume at different inspiratory volumes. The authors 
found that, at 15-87% of inspiratory capacity, there 
was a linear relationship between diaphragmatic 
excursion and tidal volume.(34) Houston et al.,(35) 
assessing hemidiaphragmatic movement, also found 
a linear relationship between inspiratory lung volume 
and diaphragmatic excursion. Another study, designed 
to validate ultrasound imaging of the diaphragm as an 
alternative to whole-body plethysmography, showed 
that the mean diaphragmatic excursion (during quiet 
breathing and at maximal sniff) correlated poorly with 
all of the lung volumes measured, although the authors 
did not investigate excursion during deep breathing.(36) 
Fedullo et al.,(37) investigating diaphragmatic motion after 
coronary artery bypass surgery, found no relationship 
between diaphragmatic mobility and vital capacity.

Similar to other studies that evaluated diaphragm 
thickness using ultrasound in other respiratory diseases, 
the present study showed that ILD patients presented 

a thicker diaphragm at FRC than did healthy controls, 
supporting the hypothesis of diaphragm thickening in 
response to respiratory muscle overload.(13,16) However, 
the greater diaphragm thickness at FRC resulted in a 
lower TF, probably indicating dysfunctional muscular 
hypertrophy or “pseudohypertrophy”, as has previously 
been demonstrated in the diaphragms of young patients 
with Duchenne muscular dystrophy.(38) In ILD, the 
diaphragm appears to thicken over time but is unable 
to increase during maximal inspiration, unlike the 
physiological pattern seen in healthy controls.

The results of the present study demonstrate that 
ultrasound imaging of the diaphragm is a feasible method 
to evaluate diaphragmatic function. Diaphragmatic 
mobility is correlated with lung volume, a correlation 
that has been described in other lung diseases, such 
as COPD.(39) In clinical practice, ultrasound imaging of 
the diaphragm has high sensitivity and specificity to 
identify reduced diaphragmatic mobility in ILD patients 
with an FVC < 60% of the predicted value. 

We showed that ultrasound imaging of the diaphragm 
is associated with PFT variables and that PFT trends 
constitute a major prognostic determinant of ILD. 
Therefore, we believe that ultrasound can be added 
to the arsenal of methods to follow up patients with 
ILD.(20) In addition to the chronic course of ILD, the 
identification of diaphragm dysfunction could alert 
physicians to the need to avoid or change the use of 
drugs that induce myopathy, such as corticosteroids.

The main limitation of our study was that we did not 
measure diaphragm force. However, Ueki et al.(27) found 
that a higher thickening ratio was strongly correlated 
with inspiratory strength in healthy subjects. Another 
study also showed a strong correlation between maximal 
inspiratory pressure and the TF in patients recovering 
from diaphragmatic paralysis.(40) In addition, because 
our results show not only reduced diaphragmatic 
mobility but also a reduced TF, we can conclude that 
diaphragmatic dysfunction is common in ILD patients. 
Another limitation is that, although our study has a 
power of 100% to estimate the coefficient of correlation 
between PFT and diaphragmatic mobility, it has a power 
of only approximately 40% to estimate that between 
PFT and diaphragm thickening. 

In comparison with healthy controls, patients with ILD 
show reduced diaphragmatic mobility and a lower TF. 

Table 4. Comparison between interstitial lung disease patients with and without diaphragmatic dysfunction.
Variable Diaphragmatic 

dysfunction
p Diaphragmatic 

dysfunction
p

No Yes
(n = 16) (n = 24) OR (95% CI)

Age, years 61 ± 10 52 ± 17 0.04 −0.003 (−0.01 to 0.006) 0.82
Male gender, n (%) 11 (48) 12 (52) 0.32
Body mass index, kg/m2 27.4 ± 3.4 24.5 ± 4.9 0.04 −0.01 (−0.04 to 0.01) 0.30
FVC, % of predicted 70 ± 12 49 ± 13 < 0.01 −0.03 (−0.06 to −0.01) 0.04
FEV1, % of predicted 76 ± 14 53 ± 16 < 0.01 0.12 (−0.01 to 0.37) 0.34
Corticosteroid use, n (%) 6 (37) 11 (46) 0.75
aValues expressed as mean ± SD, except where otherwise indicated.

Figure 2. ROC curve of FVC as a percentage of the predicted 
value (FVC%) and the occurrence of decreased diaphragmatic 
mobility, showing the area under the curve (AUC). 
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In addition, the cut-off point of an FVC < 60% of the 
predicted value showed high accuracy and sensitivity 
to identify decreased diaphragmatic mobility, as well 
being significantly associated with impaired lung 

function. The use of the results of ultrasound imaging 
of the diaphragm as a follow-up parameter and its 
relationship to respiratory muscle strength remain to 
be investigated.
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