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ABSTRACT
Objective: To investigate the concurrent validity, as well as the intra- and inter-rater 
reliability, of assessing diaphragmatic mobility by area (DMarea) on chest X-rays of healthy 
adults. Methods: We evaluated anthropometric parameters, pulmonary function, and 
diaphragmatic mobility in 43 participants. Two observers (rater A and rater B) determined 
diaphragmatic mobility at two time points. We used Pearson’s correlation coeffi cient to 
evaluate the correlation between DMarea and the assessment of diaphragmatic mobility 
by distance (DMdist). To evaluate intra- and inter-rater reliability, we used the intraclass 
correlation coeffi cient (ICC [2,1]), 95% CI, and Bland-Altman analysis. Results: A 
signifi cant correlation was found between the DMarea and DMdist methods (r = 0.743; p 
< 0.0001). For DMarea, the intra-rater reliability was found to be quite high for the right 
hemidiaphragm (RHD)—ICC (2,1) = 0.92 (95% CI: 0.86-0.95) for rater A and ICC (2,1) = 
0.90 (95% CI: 0.84-0.94) for rater B—and the left hemidiaphragm (LHD)—ICC (2,1) = 
0.96 (95% CI: 0.93-0.97) for rater A and ICC (2,1) = 0.91 (95% CI: 0.81-0.95) for rater 
B—(p < 0.0001 for all). Also for DMarea, the inter-rater reliability was found to be quite 
high for the fi rst and second evaluations of the RHD—ICC (2,1) = 0.99 (95% CI: 0.98-
0.99) and ICC (2,1) = 0.95 (95% CI: 0.86-0.97), respectively—and the LHD—ICC (2,1) 
= 0.99 (95% CI: 0.98-0.99) and ICC (2,1) = 0.94 (95% CI: 0.87-0.97)—(p < 0.0001 for 
both). The Bland-Altman analysis showed good agreement between the mobility of the 
RHD and that of the LHD. Conclusions: The DMarea method proved to be a valid, reliable 
measure of diaphragmatic mobility. 
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INTRODUCTION

The diaphragm is the main respiratory muscle and is 
responsible for 70-80% of ventilation.(1) Therefore, in 
clinical practice, the evaluation of its mobility is essential 
to assess the degree of muscle involvement in respiratory 
and neuromuscular diseases.(2) When a reduction in 
diaphragmatic motion is identifi ed, it is possible to establish 
therapeutic strategies to increase muscle movement, 
as well as to monitor the effectiveness of interventions 
aimed at improving the functional capacity and quality 
of life of patients with diaphragmatic dysfunction.

In various clinical settings, it is necessary to evaluate 
diaphragmatic function in order to diagnose possible 
malfunctions. Such malfunctions can occur in many 
situations, including muscular dystrophies, phrenic 
nerve injury, thoracic surgery, abdominal surgery, and 
COPD.(3-6) When a reduction in diaphragmatic mobility 
is identifi ed and objectively measured, it is possible 
to establish therapeutic strategies to increase muscle 
movement and to monitor its progression and response 
to interventions, with the goal of improving functional 

capacity and quality of life in patients with impaired 
diaphragmatic mobility.(7)

Among the various imaging methods used in evaluating 
the mobility of the diaphragm, fl uoroscopy is considered 
the most reliable because it provides dynamic images of 
the diaphragm and direct visualization of diaphragmatic 
movements in real time.(8) Ultrasound is also considered 
a valid tool and is widely used in evaluating the mobility 
of the diaphragm.(9) However, chest X-ray is a noninvasive 
method that is easily applied and is typically more 
accessible at hospitals and clinics. Chest X-ray allows 
direct evaluation of the two hemidiaphragms because it 
provides static images of the diaphragm.(10)

To date, two different methods have been described 
as means of measuring diaphragmatic mobility on 
chest X-rays.(11,12) In both methods, two X-ray images 
are obtained, one at maximum inspiration and the 
other at maximum expiration, the images then being 
superimposed and placed on a light box. Although both 
methods utilize the same images, the measurements 
are made in different ways. In one of those methods, as 
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described by Toledo et al.,(11) the highest point of one 
hemidiaphragm at maximum expiration is identifi ed, 
and a longitudinal line is drawn from that point to the 
highest point of the same hemidiaphragm at maximum 
inspiration. The mobility of each hemidiaphragm is 
then determined by using a caliper to measure the 
distance between the two points. Hereafter, we refer 
to that process as the assessment of diaphragmatic 
mobility by distance (DMdist) method. In the other 
method, as described by Fernandes et al.,(12) after 
the two images have been superimposed on a light 
box, tracing paper is placed over the radiographs. The 
areas represented by the diaphragm in each of the 
two images are drawn onto the paper and transferred 
to software that calculates the corresponding area of 
diaphragmatic mobility. Hereafter, we refer to that 
process as the assessment of diaphragmatic mobility 
by area (DMarea) method. Although both methods are 
valid for assessing diaphragmatic mobility, the reliability 
has been tested only for the DMdist, as in the study 
conducted by Toledo et al.(11) and in a previous study 
conducted by our group.(10) In that study, we evaluated 
the intra- and inter-rater reliability of the method and 
found a very high intraclass correlation coeffi cient 
(ICC) for all measurements, thus demonstrating 
that the DMdist is a reliable method for the evaluation 
of diaphragmatic motion. When comparing the two 
methods, it is important to note that the DMarea depends 
on the use of materials that are simpler and more 
readily available than are those used in the DMdist. 
Despite the advantages of the DMarea method, there 
have as yet been no studies investigating its validity 
and reliability. Given the importance of and need for 
every measurement method or instrument to be valid 
and reliable, together with the lack of studies on the 
validity and reliability of the DMarea,(12) the objective of 
the present investigation was to assess the concurrent 
validity of the DMarea method to measure diaphragmatic 
mobility, as well as to assess the intra- and inter-rater 
reliability of the method in healthy adults.

METHODS

The present study was approved by the Ethics 
Committee for Research Involving Human Subjects of 
Santa Catarina State University (protocol no. 74/2011). 
All participants gave written informed consent. The study 
sample consisted of 43 healthy adults between 20 and 
59 years of age, who were sampled by convenience, 
because they lived near or in the catchment area of 
the hospital where the testing was performed.

To be included in the study, participants needed 
to have pulmonary function within normal limits. 
Prospective participants were excluded if they were 
smokers; were pregnant or suspected of being 
pregnant; had any cardiorespiratory or neurological 
disease; had a history of cancer; or were unable to 
perform any of the study procedures (because of a lack 
of understanding or cooperation). We also excluded 
participants for whom the X-ray images obtained did 
not provide suffi cient visibility.

The study was conducted in a physical therapy 
laboratory and in the radiology department of a public 
hospital. In the laboratory, participants underwent 
physical examination, in which anthropometric 
measurements were recorded, and spirometry was 
performed on the same day and conducted by a single 
evaluator. After the initial evaluation, participants were 
given appointments at the hospital radiology department 
for the evaluation of diaphragmatic mobility, which was 
performed by a radiology technician with at least one 
year of experience. 

Participants underwent ventilometry before and 
during the radiographic examination, to ensure that 
they performed the respiratory maneuver at the same 
slow vital capacity (SVC) previously measured. For 
the DMarea and the DMdist, the mobility of the right 
hemidiaphragm (RHD) and left hemidiaphragm (LHD) 
was determined by two observers (rater A and rater 
B), working independently, at two time points (fi rst and 
second evaluations, respectively), one-week apart. The 
same images were analyzed at the fi rst and second 
evaluations. Both raters were blinded to the identity 
of the study participants and to the contents of the 
report provided by the other rater. A third researcher, 
who was blinded to rater A and B analyses, as well 
as to which rater was which, made the drawings and 
used software to perform a random analysis of the 
area marked by each rater. The X-ray images were 
analyzed after the completion of all assessments. The 
RHD was always assessed fi rst.

Anthropometry
For the measurement of body weight and height, we 

used a previously calibrated scale (W200/5; Welmy, São 
Paulo, Brazil) and a stadiometer (Welmy), respectively. 
The body mass index (BMI) was calculated, from the 
anthropometric values obtained, as weight in kilograms 
divided by height in meters squared (kg/m2).

Spirometry
Spirometry was performed with a portable digital 

spirometer (EasyOne; ndd Medical Technologies, 
Zurich, Switzerland), calibrated in accordance with the 
methods and criteria recommended by the American 
Thoracic Society.(13) The criteria for normal pulmonary 
function were an FVC ≥ 80% of the predicted value, 
an FEV1 ≥ 80% of the predicted value, and an FEV1/
FVC ratio ≥ 0.7.

Ventilometry
Before and during the radiographic examination, SVC 

maneuvers were measured with a Wright respirometer 
(Mark 8; nSpire Health Inc., Hertford, England), with 
the participants in the supine position. Three SVC 
maneuvers were performed before the radiographic 
examination, and the highest value was recorded 
for later comparison with those obtained during the 
examination. During the radiographic examination, two 
SVC maneuvers were performed: from TLC to RV (at the 
time of the recording of the fi rst X-ray image); and from 
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RV to TLC (at the time of the recording of the second 
X-ray image). The values of the SVC maneuvers were 
recorded, and the data recorded before and during the 
radiographic examination were compared in order to 
determine whether the participants produced the same 
respiratory effort before and during the evaluation of 
diaphragmatic mobility.

Diaphragmatic mobility
In the DMdist and DMarea, diaphragmatic mobility 

was evaluated on the basis of chest X-rays obtained 
in anteroposterior views. To obtain the X-rays, an 
experienced, well-qualified radiology technician 
positioned each participant on an X-ray table in the 
supine position. Participants were instructed to remain 
in the same position on the table, moving only their 
right upper limb to perform the ventilometry maneuver. 
The radiology technician used a standard distance 
between the fi lm and the X-ray tube (1.15 m) for all 
participants, increasing or decreasing the amount of 
radiation as required.

Images were recorded on two different fi lms, one 
obtained at maximum inspiration and one obtained at 
maximum expiration. Prior to exposure, each fi lm was 

placed into the tray of the X-ray machine, remaining 
immobile and always in the same position during the 
exposure. The same researchers accompanied all of the 
radiographic examinations to their completion, guiding 
participants in a standardized manner regarding the 
posture adopted during exposure, providing verbal 
cues and performing the ventilometry while the images 
were being obtained. To ensure their safety during the 
examination, the researchers stood behind a concrete 
wall with radiological protection barite while guiding 
the participants through the respiratory maneuvers.

We measured diaphragmatic mobility using the 
DMdist

(11) and DMarea
(12) methods. For the DMdist, after 

superimposing the images, the rater identifi ed the 
highest point of one hemidiaphragm (i.e., at maximum 
expiration) and drew a longitudinal line to the lowest 
point of the same hemidiaphragm (i.e., at maximum 
inspiration). The mobility of the hemidiaphragm, 
as illustrated in Figure 1, was then determined by 
measuring the distance between the two points with 
a caliper.(10) The same procedure was followed to 
measure the mobility of the other hemidiaphragm. To 
correct for the magnifi cation of the images caused by 
divergence of the X-rays, the distance between the 
two points on the radiopaque X-ray ruler (in mm) was 
multiplied by 10 and divided by the graduation of the 
ruler, with the following formula:

CM (mm) = MM (mm) × 10 (mm)

                                        RG (mm)

where CM is the corrected mobility, MM is the mobility 
measurement, and RG is the ruler graduation.

Figure 2 shows the DMarea methodology. After the 
two images had been superimposed, tracing paper 
was placed over the X-rays. For each hemidiaphragm, 
the outlines of the upper, lower, and lateral borders, 
as well as the right cardiac border in the medial area, 
were then traced. A 5-cm line was drawn to calibrate 
the measurement, and the fi nal value was expressed 
in cm2. The paper images were scanned, and the area 
corresponding to the displacement of the diaphragm 
was calculated with the ImageTool for Windows, version 
1.28, developed by the University of Texas Health 
Science Center at San Antonio.(14)

Table 1. Anthropometric characteristics and pulmonary 
function variables of the study participants.a

Variable (n = 43)
Age (years) 34 ± 10
Weight (kg) 68.77 ± 15.13
Height (cm) 161.45 ± 36.94
BMI (kg/m²) 24.20 ± 3.86
FVC

Measured (L) 5.91 ± 12.23
Estimated (% of predicted) 94.70 ± 9.21

FEV1

Measured (L) 3.36 ± 0.68
Estimated (% of predicted) 93.93 ± 8.06

FEV1/FVC ratio
Measured 0.83 ± 0.07
Estimated (% of predicted) 100.02 ± 8.15

BMI: body mass index. aValues are expressed as mean 
± standard deviation.

Figure 1. Chest X-rays, in anteroposterior views, used in order to determine the mobility of the right and left hemidiaphragms: 
A) image obtained at maximum inspiration; B) image obtained at maximum expiration; C) superimposition of images (the 
image obtained at maximum expiration laid over the image obtained at maximum inspiration), using the radiolopaque 
ruler as a reference. Source: Saltiel et al.(10)

A B C
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Statistical analysis
The data were analyzed with SPSS Statistics software 

package for Windows, version 20.0 (IBM Corporation, 
Armonk, NY, USA). To determine the ideal sample 
size for this study, a preliminary analysis was carried 
out, based on the criteria established by Toledo et 
al.(6)—r = 0.65; a statistical power of 90%; and p = 
0.001—which indicated that the appropriate minimum 
sample size would be 38 subjects. The study included 
43 individuals, we are confi dent that the study had 
suffi cient power to detect statistical signifi cance.

Data were checked for normality with the Shapiro-Wilk 
test, and the homogeneity of variance was checked 
with Levene’s test. Pearson’s correlation coeffi cient 
was used in order to quantify the strength of the 
association between the DMarea and DMdist. Paired 
t-tests were conducted in order to compare the SVC 
values obtained before and during the radiographic 
examination. The Wilcoxon test was used in order to 
compare the mobility of the RHD with that of the LHD. 
The level of signifi cance was set at 5% (p < 0.05).

For the radiographic measurements, the intra- and 
inter-rater reliability, based on consistency, was analyzed 
by determining the two-way 231 mixed-effects ICC (ICC 
[2,1]) values and 95% confi dence intervals (CIs). The 
ICC (2,1) was interpreted according to the classifi cation 
system devised by Carter et al.(15): 0-0.25 indicating 
“little or no reliability”; 0.26-0.49 indicating “low 
reliability”; 0.50-0.69 indicating “moderate reliability”; 
0.70-0.89 indicating “high reliability”; and 0.90-1.00 
indicating “very high reliability”. Bland-Altman analysis(16) 
was also conducted to allow better visualization of the 
agreement between measures.

RESULTS

A total of 43 participants were evaluated, including 
25 females and 18 males. The mean age was 34 ± 10 
years. Table 1 shows the anthropometric characteristics 
of the participants and the lung function values obtained.

As can be seen in Figure 3, there was a positive 
correlation between diaphragmatic mobility determined 

with the DMarea method and that determined with the 
DMdist method (r = 0.743; p < 0.0001). No statistically 
signifi cant difference was found between the mean of 
the SVC maneuvers performed before the radiographic 
examination and that of those performed during the 
examination (4.36 ± 0.98 vs. 4.41 ± 1.08; p = 0.17).

In the DMarea method, no statistically signifi cant 
differences were found between the mobility of the RHD 
and that of the LHD. For rater A, the DMarea measures 
of the mobility of the RHD and LHD were 66.12 ± 
17.47 cm2 and 67.31 ± 19.30 cm2, respectively, in the 
fi rst evaluation (p = 0.36), whereas they were 64.22 
± 15.58 cm2 and 66.66 ± 18.86 cm2, respectively, 
in the second evaluation (p = 0.15). For rater B, the 
DMarea, measures of the mobility of the RHD and LHD 
were 66.36 ± 17.44 cm2 and 67.54 ± 19.34 cm2, 
respectively, in the fi rst evaluation (p = 0.37), whereas 
they were 66.93 ± 16.45 cm2 and 63.88 ± 17.62 cm2, 
respectively, in the second evaluation (p = 0.054). 

The intra-rater analysis indicated that rater A showed 
“very high reliability” for the evaluation of the mobility 
of the RHD and LHD—ICC (2,1) = 0.92 (95% CI: 
0.86-0.90) and ICC (2,1) = 0.96 (95% CI: 0.93-0.97), 
respectively (p < 0.001 for both)—as did rater B—ICC 
(2,1) = 0.90 (95% CI: 0.84-0.94) and ICC (2,1) = 
0.91 (95% CI: 0.81-0.95), respectively (p < 0.001 
for both). The inter-rater analysis indicated “very high 
reliability” between the fi rst and second evaluations of 
the RHD—ICC (2,1) = 0.99 (95% CI: 0.98-0.99) and 
ICC (2,1) = 0.95 (95% CI: 0.86-0.97), respectively 
(p < 0.001 for both)—as well as between the fi rst 
and second evaluations of the LHD—ICC (2,1) = 0.99 
(95% CI: 0.98-0.99) and ICC [2,1] = 0.94 (95% CI: 
0.87-0.97), respectively (p < 0.001 for both).

Regarding intra-rater agreement, Figure 4 shows 
Bland-Altman plots indicating good agreement between 
the measurements of RHD and LHD mobility obtained 
by each rater, at the two different time points. These 
are clinically acceptable values. For the inter-rater 
agreement, the Bland-Altman plots (Figure 5) indicate 
good agreement between the measures of RHD and 
LHD mobility obtained by rater A in the fi rst and second 

Figure 2. Method of assessing diaphragmatic mobility by area: A) superimposition of images (the image obtained at 
maximum expiration laid over the image obtained at maximum inspiration); B) Drawing obtained by tracing the left 
hemidiaphragm at maximum inspiration and at maximum expiration.

A B

5 cm
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radiographic assessments. The measures obtained by 
rater B showed good agreement only for the mobility 
of the RHD. 

DISCUSSION

In the present study, the DMarea calculations proved 
to be valid and reliable, potentially representing an 
alternative means of assessing diaphragmatic mobility. 
The DMarea method allows the two hemidiaphragms to 
be assessed directly, using static chest X-ray images. It 
is a simple method that is readily available at hospitals 
and clinics, which makes it feasible and applicable in 
research and clinical practice.(10)

Although the DMarea method was not compared 
with the fl uoroscopy method, which is considered 
the most reliable method, comparisons with the 
well-established DMdist method revealed its concurrent 
validity in assessing diaphragmatic mobility.(17) We 
demonstrated a signifi cant correlation between the 
range of diaphragmatic mobility values obtained with 
the DMarea method and that of those obtained with the 
DMdist method. We also found the reliability to be very 
high (ICC [2,1] > 0.90) for all measurements obtained 
by both raters. A measure is considered reliable if the 
ICC is greater than 0.70.(18) Results shown with the 
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Figure 4. Bland-Altman plots for the analysis of agreement between measures of the mobility of the right and left 
hemidiaphragms, obtained by rater A and rater B, in the 1st and 2nd evaluations (intra-rater agreement). The x-axes 
show the means of the measures of diaphragmatic mobility (the measure obtained in the 1st evaluation plus the measure 
obtained in the 2nd evaluation, divided by 2). The y-axes show the differences between the measures of diaphragmatic 
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Figure 3. Correlation between diaphragmatic mobility 
assessed by area (DMarea method) and by distance (DMdist 
method).
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Bland-Altman plots support the idea that there was 
good agreement between the measurements.

An important factor in achieving the high reliability 
found in our investigation of the DMarea method is very 
likely the methodological rigor adopted by our two 
evaluators, given that they had been extensively trained 
in the use of the method, both following the same exact 
procedures. In addition, the X-ray technician had ample 
experience conducting radiographic examinations and 
standardized the technique to be used, always adopting 
the same distance between the fi lm and the X-ray tube 
when conducting the examinations.

For inter-rater agreement, the Bland-Altman analysis 
showed good agreement between the measures of RHD 
and LHD mobility obtained by rater A in the fi rst and 
second evaluations. In the analysis of rater B, there 
was good agreement for RHD mobility only. The ICC 
showed that the inter-rater reliability was very high 
for the fi rst and second evaluations, confi rming the 
overall good reliability of the DMarea method.
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In the present study, there were no signifi cant 
differences between the mobility of the RHD and that 
of the LHD. Our results are similar to those reported 
in other studies.(19,20) In addition, our own research 
group recently evaluated diaphragmatic mobility by 
chest X-ray in 42 patients admitted for cholecystectomy 
and also found no difference in mobility between the 
two hemidiaphragms of those patients.(10)

There was considerable variability between the 
minimum and maximum values of diaphragmatic 
mobility obtained in our study (from 40.47 cm2 to 119.94 
cm2). Other studies have also reported high variability in 
diaphragmatic mobility, the values ranging from 0 mm 
to 97 mm.(9,19) The possible causes of such variability 
include the type of sample studied. In the present 
study, we evaluated not only normal-weight individuals 
but also those who were obese or overweight, which 
could have contributed to the wide variability. Obesity 
is known to hinder respiratory mechanics because a 
decrease in functional residual capacity due to chest 
compression results in an elevated diaphragm. (21) 

Figure 5. Bland-Altman plots for the analysis of agreement between measures of the mobility of the right and left 
hemidiaphragms, obtained by raters A and B (inter-rater agreement) in the 1st and 2nd evaluations. The x-axes show 
the means of measures of diaphragmatic mobility, obtained by raters A and B, for each participant (the measure obtained 
by rater A plus the measure obtained by rater B, divided by 2). The y-axes show the differences between the measures 
of diaphragmatic mobility, obtained by raters A and B, for each participant (the measure obtained by rater B minus the 
measure obtained by rater A). UL: upper limit; and LL: lower limit.
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Therefore, increased mechanical work is required for 
breathing and the diaphragm acts against the pressure 
of the distended abdomen,(22) which can limit its mobility. 
However, it is worth noting that this variability does 
not affect the applicability of the evaluation method.

The main limitations of this study were the position 
adopted by the participants for the evaluation of 
diaphragmatic mobility and the radiographic incidence 
used. In the study conducted by Fernandes et al.,(12) 
who employed the groundbreaking DMarea method, 
participants were assessed in the orthostatic position 
and in a posteroanterior view. In our study, we chose 
to use the supine position and an anteroposterior view, 
given that the method most consistently reported in the 

literature (DMdist) evaluates diaphragmatic mobility in 
that position and view. In addition, more patients are 
able to assume the supine position than are able to 
assume the orthostatic position, the use of the former 
allowing the evaluation of patients in the postoperative 
period and wheelchair-bound individuals. Although it 
was not the goal of the study, the results would have 
been more robust if the method presented had been 
compared with the gold-standard method (fl uoroscopy).

The DMarea method proved to be a valid, reliable tool 
for assessing the extent of the mobility of the LHD and 
RHD when compared with the more well-established 
DMdist method. This DMarea method is therefore an easy-
to-use alternative for evaluating diaphragmatic mobility.
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