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Ultrasound Imaging of the Diaphragm

Jung Im Seok, MD

Department of Neurology, Daegu Catholic University School of Medicine, Daegu, Korea

The diaphragm is the major muscle of respiration and its dysfunction is associated with problems ranging from orthopnea to
prolonged recovery from surgery or ventilator management. Common causes of diaphragm dysfunction include phrenic

neuropathy, motor neuron disease, neuromuscular junction disorders, and myopathy. This article reviews sonographic
findings of normal diaphragm, including key quantitative ultrasound measurements that are helpful in the evaluation of
diaphragm. It also discusses various clinical application of this technique in diagnosis of neuromuscular diseases.
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Figure 1. Measurement of diaphragm thickness. (A) The transducer is positioned on the intercostal space in the anterior axillary line. (B) At the end

of quiet expiration, the diaphragm is seen as a hypoechoic structure between two hyperechoic fasciae. (C) At the maximal inspiration, the diaphragm
is seen ‘peeling away’ from the chest wall. The distance between two markings (+) means muscle thickness. Reprinted from Seok at al.” with the
permission. IC; intercostal muscle, D; diaphragm.

Table. Normal reference values for diaphragm thickness and DTF

Side Mean SD Percentiles Reference range
2.5th, 97.5th

Diaphragm thickness (cm)
Resting Rt 0.19 0.04 0.11,0.32 0.11-0.28
Lt 0.19 0.04 0.11, 0.26 0.11-0.27
Maximal inspiration Rt 0.39 0.13 0.21, 0.66 0.14-0.65
Lt 0.39 0.10 0.22, 0.60 0.20-0.60
DTF (%) Rt 105 51 28,258 28-258
Lt 115 49 36,216 17-213

Reprinted from Seok at al.” with the permission.

The reference range is determined as the mean+2SD for normally distributed data and from 97.5th percentile for non-normally distributed data.
Diaphragm thickness and DTF of left side are distributed normally.

DTF; diaphragm thickness fraction, SD; standard deviation, Rt; right, Lt; left.
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Figure 2. Ultrasound of the right (A, C) and left (B, D) diaphragm of patient with a left diaphragm palsy. The distance between the two markings (+)
is the diaphragm thickness. (A, B) At the end of quiet expiration, the diaphragm is seen as a hypoechoic structure between two layers of hyperechoic

fasciae. (C) At maximal inspiration, the right diaphragm is seen ‘peeling away’ from the chest wall and thickens markedly. (D) At maximal

inspiration, the left diaphragm slightly thickens. Reprinted from Seok at al."
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with the permission. IC; intercostal muscle, D; diaphragm.
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