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BACKGROUND: B-mode ultrasound can be used to measure diaphragm thickness at the zone of
apposition. We believe it is necessary to develop normal values for diaphragm thickness at rest in
a large group of healthy subjects and compare them with international results. METHODS: Ul-
trasound measurements of diaphragm thickness at expiratory rest were taken in 109 healthy
individuals, with results stratified by sex, body mass index, and thorax circumference. The following
methods were used for analysis and interpretation. Multivariable databases with descriptive sta-
tistical analyses were made. The Pearson chi-square test was used to evaluate the distribution
between variables. Additionally, mean and SD values were calculated. For standardization, the data
were separated by sex within a 95% CI, and we calculated a Z test. A 95% CI was also constructed
for proportion analyses. RESULTS: One hundred nine healthy volunteers were included in the study,
and the correlation between the body mass index and thorax circumference values with a Pearson
chi-square test resulted in an r = 0.694. Additionally, the average value of diaphragmatic thickness was
0.18 £ 0.0415 cm (95% CI10.1743-0.1964 cm) for men and 0.13 = 0.0338 cm (95% CI10.1294-0.1462 cm)
for women (P = .001). There was no relation between body mass index thorax circumference, and
diaphragmatic thickness. CONCLUSION: Real-time ultrasound of the diaphragm is a simple, inexpen-
sive, and portable imaging technique that can provide qualitative anatomical information. The findings
in this study show that sonographic diaphragm evaluations can be applied to the general population.
Key words: diaphragm thickness, ultrasound [Respir Care 0;0(0):1—-. © 0 Daedalus Enterprises]

Introduction

The diaphragm is the major respiratory muscle that is
used for quiet breathing. Diaphragmatic dysfunction can
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be caused by conditions that directly involve the diaphragm,
such as trauma, cardiothoracic surgery, adjacent thoracic
or abdominal pathology (eg, basal pulmonary atelectasis,
pneumonia, or tumors), upper abdominal masses, exten-
sive pleural or abdominal fluid, and muscular dystrophies.!

To evaluate diaphragm dysfunction, tests such as chest
radiographs, video fluoroscopy, and pulmonary function
testing are inconclusive or suggest neuromuscular
respiratory impairment. Additionally, phrenic nerve con-
duction studies and needle electromyogram of the
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Fig. 1. A: The probe position for a B-mode diaphragmatic thick-
ness measurement in the zone of apposition with a 10-15-MHz
probe. B: A diaphragm thickness image displaying the following
different layers from top to bottom: echogenic diaphragmatic layer
(pleural), non-echogenic central layer (diaphragm), and echogenic
layer (peritoneal).

diaphragm are often helpful in this setting but may be
technically difficult or relatively contraindicated.?*
Sonographic diaphragm evaluations have recently started
to gain popularity in the ICU as specific needs for assess-
ing diaphragmatic function have arisen in many clinical
situations. Ultrasound has also been used to evaluate dia-
phragmatic thickness in the zone of apposition from the
diaphragm to the rib cage. The zone of apposition is
the chest wall area where the abdominal contents reach the
lower rib cage (Fig. 1A). In this area, the diaphragm is
observed as a structure made of 3 distinct layers (Fig. 1B).
These include a non-echogenic central layer that is bor-
dered by 2 echogenic layers, the peritoneum and the dia-
phragmatic pleurae.> Weaning failure, a prevalent clinical
problem in critically ill adult patients, is the failure to
wean from mechanical ventilation. Mechanical ventilation
is associated with decreased muscle weight and alterations
in contractile properties of the diaphragm within 48 h of
intubation.®” This has led to suspicions that diaphragm
dysfunction may contribute to weaning failure, even in
patients with no obvious reason to suspect phrenic nerve
or diaphragm pathology. The Levine study?® indicated that
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Current knowledge

Ultrasound has been used to evaluate diaphragmatic
thickness. Research on diaphragm ultrasound is con-
stantly evolving, with the latest study indicating its pos-
sible applications previously not accessible for dia-
phragm evaluation.

What this paper contributes to our knowledge

The ultrasound evaluation of diaphragm thickness pro-
posed was standardized by sex in healthy volunteers,
where differences were found in the measurements ob-
tained from both groups. Diaphragm thickness is con-
stant in both sexes regardless of age or body mass
index, which must be taken into account for clinical
decisions.

the combination of 18—69 h of diaphragm inactivity and
mechanical ventilation was associated with marked atro-
phy of both slow-twitch and fast-twitch fibers in the hu-
man diaphragm. This observation strongly suggests the
presence of increased proteolysis.

It has been proposed that B-mode ultrasound can be
used to measure diaphragm thickness at the zone of appo-
sition during inspiration or expiration using the intercostal
approach. Thickness measured by ultrasound has been
shown to correlate with direct diaphragm thickness mea-
surements on a cadaver.’

It was necessary to standardize values for diaphragm
thickness at rest in a large group of healthy subjects and to
establish whether there is a relationship between demo-
graphic data such as sex, body mass index (BMI), and
thorax circumference, regarding the use of validated basal
measurements in ICUs.

Methods

We conducted a descriptive cross-sectional study; a
sample was calculated for known variance P = .01.1°
We received authorization from the local ethics com-
mittee (institutional review board: Comité de Etica e
Investigacion para Studios en Humanos). Healthy sub-
jects of both sexes (55 males and 54 females) were
recruited from 2 tertiary hospitals from February to Au-
gust 2014, all of whom gave verbal consent and signed
authorization. The exclusion criteria consisted of any
history of dyspnea or generalized neuromuscular dis-
ease, such as peripheral neuropathy, myopathy, motor
neuron disease, or central nervous system disease. The
demographic and anthropometric data for these subjects
are shown in Table 1.
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Table 1.  Anthropometric Variables Between Sexes Table 2.  Expiratory Diaphragm Thickness Confidence Intervals
Variable Mean = SD 95% CI Variable Mean = SD 95% CI

Age, y 25.8 £6.52 24.52-26.97 Diaphragm thickness, cm 0.1615 = 0.04451 0.1532-0.1698

Age (men), y 249 =489 23.61-26.22 Diaphragm thickness (women), cm 0.1385 = 0.0338  0.1294-0.1462

Age (women), y 26.3 =749 24.25-28.24 Diaphragm thickness (men), cm 0.1854 = 0.0415 0.1743-0.1964

Size, cm 167 = 0.97 165-168

Size (men), cm 173 £0.74 171-174

Slze_ (women), cm 159 = 0.57 157-160 Mean = SD values for diaphragmatic thicknesses were cal-

Weight, kg 67.62 = 14.18 64.96-70.28 . L

Weight (men), ke 76.80 = 1304 73.26-80.33 culated. For possible s.tal'ldardlzatlon, data were separated by

Weight (women), kg 5825 + 756 56.23-60.26 sex and constructed within a 95% CI. A Z test was calculated

BMI, kg/m? 2413 + 3.62 23.45-24.81 for diaphragmatic thicknesses. Finally, a 95% CI was con-

BMI (men), kg/m? 25.35 + 3.69 24.37-26.34 structed for proportion analyses to establish the relationship

BMI (women), kg/m> 22.91 + 3.18 22.06-23.8 between diaphragmatic thickness variables.

Thorax circumference, cm 88.55 £ 10.27 86.63-90.48

Thorax circumference (men), cm 94.62 = 8.27 92.41-96.82 Results

Thorax circumference (women), cm 82.38 + 8.34 80.16-84.61

BMI = body mass index

Demographic data were collected, followed by ultra-
sound imaging of the diaphragm. Subjects were examined
in a supine position. A high-resolution ultrasound machine
(M-turbo, SonoSite, Mexico City, Mexico) was used, which
included a 10—5-MHz linear array transducer. Real-time
ultrasound was used to identify the intercostal space. Typ-
ically, the area between the 8th and 9th intercostal space
was chosen, which is just before the previous axillary line,
where the diaphragm was most easily visualized (with the
transducer spanning 2 ribs). The diaphragm was identified
by its characteristic 3-layered appearance and location be-
neath the intercostal muscles and subcutaneous tissue,
where the 2 facial lines outlining the diaphragm are par-
allel. To observe the zone of apposition of the muscle,
diaphragm layer is found 0.5-2 cm below the costophrenic
sinus, consisting of a relatively non-echogenic muscular
layer bound by the echogenic membranes of the diaphrag-
matic pleura and peritoneum.

Three images for each position were collected and
averaged to determine a thickness at resting end expi-
ration. On each frozen B-mode image, the diaphragm
thickness was measured from the center of the pleural
line to the center of the peritoneal line. The images were
measured on the ultrasound system itself, using the mea-
surement tool.

Statistical Analyses

Statistical analyses were performed using SPSS (SPSS,
Chicago, Illinois). For this purpose, a multivariable database
was constructed. Descriptive statistical analyses were made
to establish data behavior. The Pearson chi-square test was
used to evaluate the distribution between variables.
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One hundred nine healthy volunteers were included in
the study. The average age was 25.8 = 6.52 y. Regarding
sex, there were 55 males (50.5%) with an average age of
24.9 * 4.89 y and 54 females (49.5%) with an average age
of 26.3 = 7.49 y. CI were constructed with 95% reliability
for age, height, weight, BMI, and thoracic circumference
in the overall sample as well as the samples by sex in order
to propose standards for these variables; thus, we propose
to associate the intervals for diaphragmatic thickness dur-
ing expiration (see Table 1).

The data for BMI and thorax circumference (r = 0.694)
show a considerable correlation between these 2 vari-
ables and a linear regression adjustment between the
BMI and thorax circumference. A positive r value was
noted along with a linear association between these 2
variables. The resulting slope was <90°; therefore, the
correspondence between these 2 variables was increased
both on the ordinate and abscissa. The correlation eval-
uation between BMI, thorax circumference, and dia-
phragmatic thickness resulted in an r = 0.02; therefore,
there was no correlation between these 2 variables (Ta-
ble 2). Mean diaphragmatic thickness = SD was calcu-
lated. For possible standardization, the subjects were
divided by sex. The average diaphragmatic thickness
value was 0.18 = 0.041 cm (95% CI 0.17-0.19 cm) for
men and 0.13% 0.03 cm (95% CI 0.12-0.14 cm) for
women (Fig. 2 and Table 2).

To test the consistency between sex and diaphragmatic
thickness, box plots were performed and evaluated for the
position of the median relative to their quartiles. We found
a median value of 0.18 cm for men and 0.14 cm for women
and found better and more consistent data distribution in
the women compared with men, in which 5 results pro-
truded from the upper limit of the estimated quartiles. Still,
the trend of the data was differentiated from the values that
were obtained from the diaphragmatic thickness measure-
ments (Fig. 3).
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Fig. 2. The mean = SD values for the diaphragmatic thicknesses
were calculated for possible standardization and were separated
by men and women.
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Fig. 3. The position of the median was evaluated relative to its
quartiles. There was better and more consistent data distribution
in men compared with women, in which 5 results protruded from
the upper limit of the estimated quartiles. The average diaphrag-
matic thickness value was 0.18 = 0.04 cm (95% CI1 0.17-0.19 cm)
for men and 0.13 = 0.03 cm (95% CI1 0.12-0.14 cm) (P = .001) for
women. The upper edge of each box represents the 1st quartile,
whereas the bottom edge shows the 3rd quartile. The center lines
denote the median.
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Table 3.  Confidence Intervals for Proportions

Proportion 95% CI
Diaphragmatic thickness/thorax circumference P = .006
Diaphragmatic thickness/BMI P =.001

BMI = body mass index

A proportion analysis was conducted to evaluate the
relationship between BMI and diaphragmatic thickness (di-
aphragmatic thickness/BMI) and found no relation between
these 2 variables (P = .001). Additionally, there was also
no correlation between variables (95% CI 0.008 —0.022,
P = .006) for thorax circumference and diaphragmatic
thickness (diaphragmatic thickness/thorax circumference).
Therefore, there is no significant difference between sexes
for the proportions described above; we propose one in-
terval for both sexes (see Table 3).

It was established that there is a significant difference in
the diaphragmatic thickness between sexes. There was a
difference of P < .001; therefore, the intervals should be
established independently. In this manner, the 95% CI for
reliability in women is 0.12-0.14 cm, and for men, it is
0.17-0.19 cm (see Table 2).

Discussion

Real-time ultrasound of the diaphragm is a simple, in-
expensive, and portable imaging technique. The interval
proposed in our study was standardized by sex. This vari-
able is important for diaphragm measurement cut-off val-
ues. Whereas the expected relationship between BMI and
thorax circumference was observed, there were no rela-
tionships between weight, BMI, or thorax circumference
and the diaphragmatic thickness results. When we com-
pared mean and median, the result was almost the same.
Men had a mean of 0.18 cm, and the median was the same,
and with women, the mean was 0.13 cm, and the median
was 0.14 cm, which indicates that the homogeneity of
diaphragm thickness measured is manifested, demonstrat-
ing the reliability of the proposed intervals.

Previous reports also found no relationship between age
and diaphragmatic thickness. Boon et al'® found that the
lower limit of normal diaphragm thickness at end expira-
tion or functional residual capacity is 0.15 cm. They re-
ported that thickness at end expiration of >0.33 cm is
abnormal and also found that diaphragm thickness is min-
imally affected by age, sex, body habitus, or smoking
history. In the vast majority of normal subjects, the dia-
phragm is at least 0.15 cm thick in the zone of apposition
at resting end expiration and shows a <0.33-cm side-to-
side difference in resting thickness. This is consistent with
our results because in our sample, the range of diaphragm
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thickness was 0.12—0.19, so it appears that the age range
has no effect on the diaphragm thickness proposed in this
study.

A few studies have addressed the subject of ultrasounds
for diaphragmatic displacement and thickness measure-
ment accuracy and reproducibility in healthy volunteers
and subjects in the ICU. When measuring diaphragmatic
excursions in healthy volunteers, Boussuges et al'' re-
ported that the intra-observer reproducibility was 96 and
94%, and the inter-observer reproducibility was 95 and
91% during quiet breathing for the right and left diaphragm,
respectively. Reliability data from this study were very
good when care was taken to ensure that measurements
were taken at the same anatomical position. However, dur-
ing data collection, we observed that measurements of
diaphragm thickness could be highly variable, depending
on which intercostal space was chosen. Regarding this
issue, Goligher et al'> made diaphragm measurements on
critically ill subjects. Right hemidiaphragm thickness was
obtained in 95% of attempts, demonstrating that the mea-
surement of diaphragm thickness is highly reproducible.
According to these results, we can use diaphragm thick-
nesses to evaluate the presence of diaphragm atrophy that
is associated with mechanical ventilation,!3-¢ although for
diaphragm function, we prefer to use functional ultrasound
tests, such as diaphragmatic excursions and inspiratory
and expiratory diaphragm thickness changes.!3.16-17

A limitation of this study is that we did not conduct a
pulmonary function test to ensure normal lung function
among the study subjects. However, previous reports in
smaller groups of subjects have shown that it is the thick-
ening ratio that correlates with vital capacity and maxi-
mum inspiratory pressure. Another limitation is that this
study included only healthy subjects. The value of this
imaging technique in patients with preexisting conditions,
including central nervous system disorders and COPD, is
unknown.

Conclusions

Research on diaphragm ultrasound is constantly evolv-
ing, with the latest study indicating its possible applica-
tions for ultrasound diaphragmatic evaluation, which pre-
viously was difficult to access.!” The findings of this study
show that sonographic diaphragm evaluations can be ap-
plied to the general population. Additionally, our findings
are similar to those previously reported in other interna-
tional studies. However, more studies are needed to eval-
uate the application of this technique for anatomical changes
of the diaphragm in critical care and rehabilitation settings.
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