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Relationship of diaphragm thickness measured in situ in 10 human cadavers by ultrasound and in 
vitro by a ruler. Ultrasound measurements of diaphragm thickness in situ are as accurate as 
measurements in vitro with a ruler.



• Operators use linear ultrasound probes to measure 
diaphragm thickness. These probes use high frequency 
ultrasound waves (7–18 Hz) to create high resolution 
images of structures near the body surface .

• To measure diaphragm thickness, operators place the 
ultrasound probe longitudinally parallel to the long axis of 
the body, usually between the eighth to tenth intercostal 
space, at the anterior axillary line or midway between the 
anterior- and mid-axillary lines. 

• The costo-phrenic sinus is identified as the transition 
between lung and liver (right) or between lung and spleen 
(left). 

• The zone of apposition, where the diaphragm is opposed 
to the rib cage, is located caudal to the costo-phrenic 
sinus. 

• To identify the diaphragm, subjects are asked to inhale 
while operators select B-mode imaging. 

• The diaphragm is identified as a three-layer structure (two 
echogenic layers of peritoneum and pleura sandwiching a 
more hypoechoic layer of the muscle itself) underneath 
the intercostal muscles that reappear as lung artifact 
recedes
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• The cranio-caudal movement of the dome of the diaphragm 
during quiet breathing and during forceful inspiratory 
efforts such as sniff maneuvers or maximal inspirations can 
be monitored using curvilinear ultrasound probes. 

• Curvilinear probes use low frequency ultrasound waves (2–
6 Hz)  that penetrate deeply in the body giving a wide depth 
of field. 

• On the right, operators position the probe longitudinally in 
the subcostal area between the mid-clavicular and anterior 
axillary lines using the liver as acoustic window. 

• The probe is directed medially, cephalad and dorsally so 
that the ultrasound beam reaches the right dome of the 
diaphragm perpendicularly.

• On the left side, operators use the spleen as an acoustic 
window. (Less often, operators may use the right or left 
lateral view (midaxillary lines) or the posterior subcostal 
view or the subxiphoid view). 

• Once a good quality B-mode image is obtained, operators 
adjust the M-mode interrogation line as to be perpendicular 
to the movement of the hemidiaphragm. With M-mode 
ultrasonography, the diaphragm appears as a single thick 
echogenic line. 

• During inhalation the contracting diaphragm moves 
towards the ultrasound probe. 
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