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Figure 2. Thickness in mm was defined as the perpendicular distance from the 

middle of the pleural line to the middle of the peritoneal line.
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Introduction

Conclusions & Clinical Relevance

• Assessment of diaphragm function via ultrasonography is non-
invasive and has been shown to be reliable and reproducible in 
healthy adults.1 Yet, there are less studies on the use of B-mode 
ultrasonography to measure diaphragm thickness in healthy children 
and adolescents.

• Purpose: To determine the intra- and inter-rater reliability of 
assessing diaphragm thickness via B-mode ultrasound in healthy 
children and adolescents.

• Hypothesis: Intra- and inter-rater reliability of diaphragm thickness 
measurements will be good to excellent in healthy children and 
adolescents.

• This study supports that diaphragm thickness during deep 
inspiration and at rest via B-mode ultrasonography is a reliable 
measure in healthy children and adolescents. 

• Clinical Relevance: Given the involvement of the diaphragm in 
various health conditions4,5 and the dynamic interactions with the 
trunk,6 diaphragm thickness may prove to be a useful clinical 
outcome measure. Establishing reliability for different breathing 
conditions provides further support for using this measurement 
method in research and clinical practice.

• Future Directions: Investigate relationships with other functional 
outcome measures in children and adolescents.
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Methods
Inclusion Criteria:  
• 6–17 years of age
• No history of cardiovascular, pulmonary or neurological disease
Procedures:
• Diaphragm thickness was measured via two-dimensional B-mode 

ultrasonography as described by Spiesshoefer et al.2 using a 7.5–
10 MHz frequency 45-mm linear transducer (SonoQue C4PL Dual 
Head Probe, O2 Lifecare, Inc., Yorba Linda, CA, USA). 

• With the participant in a supine position, the transducer was placed 
on the right lateral chest wall at the zone of apposition of the 
diaphragm  (figure 1), which was defined by the anterior and mid-
axillary lines between ribs 7 and 10. The 8th intercostal space was 
marked to denote the center of the measurement area.

• Images of diaphragm thickness were obtained at the end of deep 
inspiration to total lung capacity (TLC) and at the end of quiet 
expiration to functional residual capacity (FRC).

• To determine intra-rater reliability, three images for each breathing 
condition were obtained by the initial rater. For inter-rater reliability, 
a second rater separately obtained images during the same 
session. Intraclass correlation coefficients (ICC) ≥0.75 indicate 
excellent reliability.3 

Results

Diaphragm Thickness Measurements:
At the zone of apposition (figure 1), the diaphragm was visualized as three distinct 

layers in B-mode: 
(1) echogenic outer layer representing the diaphragmatic pleura; 
(2) hypoechoic layer representing the fibrous muscular layer; and 
(3) echogenic inner layer representing the peritoneal membrane.

Measurements Results (cont.)
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Table 2

Reliability of diaphragm ultrasonography

Intra-rater

ICC p-value* 95% CI

ThTLC 0.81 <0.01 (0.61, 0.93)

ThFRC 0.72 <0.01 (0.47, 0.89)

Inter-rater

ICC p-value* 95% CI

ThTLC 0.94 <0.01 (0.87, 0.98)

ThFRC 0.79 <0.01 (0.56, 0.92)

*Statistical significance was set at p ≤0.05; ICC = 
intraclass correlation coefficient; CI = confidence 
interval; ThTLC = thickness at total lung capacity; ThFRC = 
thickness at functional residual capacity

Total Lung Capacity (TLC) Functional Residual Capacity (FRC)

Table 1
Participant characteristics (n = 10)

Mean SD
Age, years 10.40 ± 2.22

Female/Male 5/5

Height, cm 148.45 ± 17.55

Weight, kg 40.48 ± 11.60

BMI (kg/m2) 17.96 ± 1.88

ThTLC 2.41 ± 0.62

ThFRC 1.58 ± 0.24

TF 0.52 ± 0.29

BMI = body mass index; ThTLC = thickness at total lung 
capacity; ThFRC = thickness at functional residual 
capacity; TF = thickening fraction; SD = standard 
deviation

Pleural line

Peritoneal line

Figure 1. Zone of Apposition

Figure 3. 
Intra-rater reliability:
Example of images 
from the same rater

Figure 4.
Inter-rater reliability:
Example of images 
from two different 
raters
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