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Introduction
 The diaphragm is both the primary muscle of ventilation and the physical barrier that separates the thorax from the abdo​men. It accounts for 75% of the increase in lung volume during quiet breathing (Gerscovich et al., 2001).  Its dysfunction is a frequent contributor to dyspnea predispose to respiratory complications, and can increase the duration of mechanical ventilation 


(Nason et al., 2012) ADDIN EN.CITE . Sonographic evaluation of the diaphragm started to gain popularity in ICU as specific need to assess diaphragmatic dysfunction (Matamis et al., 2013). Despite its importance, the diaphragm is often underappreciated and incompletely evaluated by clinicians and radiologists 


(Nason et al., 2012) ADDIN EN.CITE  and until now, no reference values for diaphragmatic excursion and thickness in children are available.
Many clinical problems result in abnormal motion of the diaphragm. These problems may include intrinsic abnormalities of the diaphragm such as injury from previous trauma or muscular dystrophy 


(Ayoub et al., 2002) ADDIN EN.CITE . Adjacent thoracic or abdominal processes, such as basal pulmonary atelectasis, pneumonia, upper abdominal masses, and extensive pleural or abdominal fluid, may also decrease motion of the diaphragm (Gerscovich et al., 2001). Central nervous system disease, including cerebral infarction (Houston et al., 1995) or tumor, trauma to the phrenic nerve after cardiac surgery (Lerolle et al., 2009) or after abdominal surgery


(Kim et al., 2010) ADDIN EN.CITE  and in critically ill patient under mechanical ventilation  


(Jiang et al., 2004; Grosu et al., 2012; Kim et al., 2011) ADDIN EN.CITE  may impair diaphragmatic motion. 
A properly functioning diaphragm is necessary for lung aeration and survival. Thus, it is clinically important to know the functional condition of this structure (Gerscovich et al., 2001).
M mode sonography is a valuable, noninvasive technique, which has been proved to be an accurate, safe, easy to use and overcoming many of the standard limitations of imaging techniques(Matamis et al., 2013). It is fast, taking approximately 5 min with an experienced operator, and can be done by the bedside on the ward or in intensive care. It also provides a documentation which can be compared to follow-up studies at a later date to assess progress (if measurements of excursion are made), removing the subjectivity of the study(Gerscovich et al., 2001).
M-mode ultrasonography has been popular for detection of right and left diaphragmatic excursions & their normal values were reported in adults 


(Boussuges et al., 2009) ADDIN EN.CITE . Similarly, diaphragmatic thickness was studied in healthy preterm (Rehan et al., 2001) and healthy full term, (Rehan and McCool, 2003)  but there is no data about normal values of diaphragmatic excursion and thickness in healthy infants and children (Matamis et al., 2013).
Aim of work
The objective of this study is to determine reference values for diaphragmatic excursion and thickness, evaluated by ultrasonography in healthy infants and children and identify correlation between them and anthropometric measurements, age, and sex. 

Patients and Methods
This is a prospective observational (cross sectional) study after taking a fully informed consent from the parents of each patient and approval of our IRB institution.
Study Subjects

Four hundred healthy subjects aged between one month and sixteen years will be studied during quiet breathing. They will be divided into four equal groups according to age, group one from one month to two years old, group two from two years to six years old, group three from six years to twelve years old, group four from twelve years to sixteen years old. The studied populations will be chosen from the outpatient clinic, Mansoura University Children’s Hospital (MUCH). 

Body weight (BW), height (HT)/ length (BL), head circumference & chest circumference (CC) were measured and body surface area (BSA) & body mass index (BMI) will be calculated for all participants.
Body Weight (BW): remove shoes, heavy clothes & diaper (if infant) and put the baby in the center of the measuring scale. (Flaherty-Hewitt)
Body Length (BL) (used for infants): using a measuring tape measure from crown to heel in supine position with extended legs; pelvis and trunk are aligned against the tape & ankles are held together with the toes up. (Flaherty-Hewitt)
Height (HT) (used for children): standing against a measuring tape with the face outwards, looks straight ahead & with the head, shoulders, rear end and heels should touch the tape and with shoes are taken off. (Flaherty-Hewitt)
Head Circumference (HC): measured by a measuring tape from the occipital protuberance to above the helix and 2 inches above the glabella. (Flaherty-Hewitt)
Chest Circumference (CC): measured by a measuring tape at the level of the xiphoid cartilage or subcostal notch. (Sundaram et al., 1995)
Body Surface Area (BSA) (Haycock et al., 1978)= [image: image2.png]JHeight (cm) X Weight (kg) + 3600



   

Body Mass Index (BMI) (Flaherty-Hewitt)  = Weight / Height (cm) 2   
Ultrasonographic examinations will be carried out by two investigators using a portable Doppler Ultrasonography (Toshiba; Xario, Japan, 2011) with a 10-5 MHz linear transducer for infant and with a 5 to 1 MHz convex transducer array for children and adolescent. Ultrasound gel will be used to maintain acoustic coupling and to ensure good image quality throughout the image process.

Healthy subjects were chosen from our outpatient clinic with the following precautions:

1- Normal growth parameters.
2- They were cooperative and had quiet regular breathing excluding deep breathing. 
3- They were investigated in the morning, 3 to 4 hours after a light meal. 
Exclusion criteria
1- Presence of any signs of cardio-respiratory or neurological diseases.
2- Obesity or failure to thrive.
3- Presence of any chronic illnesses.
4- Presence of signs of hepatomegaly and/or spleenomegaly. 
5- Presence of fever or manifestations of upper respiratory tract infection (e.g. rhinorrhea, nasal obstruction, cough……).
6- Presence of abdominal pain or localized tenderness.  
Intra-observer and inter-observer variability:

In our study, the intra-observer and inter-observer variability will be assessed. To assess intra-observer variability, 40 healthy subjects will be examined twice by the same operator. Furthermore, another 40 healthy subjects will be examined by 2 different observers to assess inter-observer variability.

Methods
Subjects will be investigated in the morning, 2 to 3 hours after a light meal. Ultrasonographic examinations were performed in the supine position during quiet breathing excluding deep breathing; two dimensional mode will be used to find the best approach and to select the exploration line of each hemidiaphragm. The liver is used as a window on the right hemidiaphragm, while the spleen is used on the left hemidiaphragm. All examinations will be recorded on a personal computer for subsequent analysis. 

Right hemidiaphragm ultrasonographic study

The probe is placed between the midclavicular and anterior axillary lines, in the subcostal area, and directed medially, cranially, and dorsally, so that the ultrasound beam reached perpendicularly the posterior third of the right hemidiaphragm.

Left hemidiaphragm ultrasonographic study

A subcostal or low intercostal probe position is chosen between the anterior and mid axillary lines to obtain the best imaging of the left hemidiaphragm.  
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