
Figure 1. Example of boundary identification 
verified/adjusted by the technologist. The red contour 
indicates outer boundary of the subcutaneous adipose tissue, 
green contour indicates the muscle boundary, and yellow 
contour indicates the outer boundary of the bone (a) and the 
muscle bundle paint in green (b).  

Figure 2. TMBV vs time. Note the green line is the fit 
obtained with a moving average of eight.  

y = -0.6154x + 596.46
R² = 0.919
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Figure 3. COV of two consecutive acquisitions.  
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Introduction: MRI is increasingly used to evaluate the quantitative changes in muscle mass for clinical studies involving skeletal muscle wasting. The 
targeted mean percentage change in the patients treated with new drugs is anywhere from 2-10% in thigh muscle volume. Hence, standardizing the method 
of patient preparation for imaging will help reduce variability in the measurement.  Previous studies have reported acute fluid shifts in the leg with changes 
in posture: from standing to sitting [2] and from standing to supine [3]. Posture change causes body fluid volumes in muscle to decrease [2-3]. The primary 
objective of this study was to assess the mid-thigh muscle bundle volume (TMBV) for the first 30 minutes after the subject was lying in a supine position.  
 
Methods and Materials: A volunteer was scanned on a 1.5T MRI scanner (General Electric Healthcare Signa HDxt, Milwaukee, WI, USA) using an 8-

channel torso coil.  The volunteer performed daily activity before MRI scan that 
included 28 minutes of car driving and 29 minutes of standing/walking before lying 
supine on the scanner table. The volunteer was positioned supine with knees extended; a 
cushion was placed under the gluteus maximus region and knee joints region to suspend 
the thigh muscles above the scan bed to prevent tissue compression in the muscle 
region. An accredited MRI technologist conducted all scanning. The scanning protocol 
began with the acquisition of a three-plane localizer scan. Total time to position the 
volunteer on the scanner and performing a localizer scan took 7 min and 30 s. Dynamic 
axial T1-weighted (T1-w) images were collected for thigh muscle volume analysis with 
the following parameters: 4 contiguous slices , TE/TR = 2.08/5.86 ms, field-of view 
(FOV) = 24 cm,  flip angle = 30, acquisition matrix = 320 x 256,  slice thickness = 10 
mm (0 mm skip), resolution = 0.46 x 0.46 x 10 mm, temporal resolution = 15 s; scan 
time = 29 min 55 s. The dynamic scan was continued for 29 m and 55 sec resulting in a 
total of 120 scans. A combination of manual and semi-automated techniques was used 
to identify the femur and the outer boundary of the muscle on all slices of the MR 
images (see Figure 1a). The volumetric measurement for the whole muscle bundle was 
obtained between the muscle boundary and femur bone boundary (see Figure 1b).  

 
Results: Figure 2 shows the plot of the TMBV as a function of time. The average percent change reduction in the muscle bundle volume was 1.2% from 
the first dynamic scan. The volumetric measurements from two consecutive scans were compared and a coefficient of variation (COV) was calculated.  The 
coefficient of variation is defined as the standard deviation divided by the mean σ/μ multiplied by 100 and expressed as a percent.  Since the standard 
deviation is being calculated from a sample size of two, the coefficient of variation was calculated as √(2π)·σ/2μ or 1.25331σ/μ. The graph of COV varying 
with time is shown in Figure 3. The average COV, obtained by averaging all COV obtained between two consecutive volumes was 0.15% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discussion: Given the calculated average COV of 0.15% in TMBV, the measurement technique should be sensitive to changes in volume of less than 1%. 
The COVs were calculated using two consecutive acquisitions assuming that a 15s interval is not long enough to induce a significant change in the TMBV 
between two scans. From the graph shown in Figure 2, it can be seen that in the first 23 minutes after the subject was in a supine position, the TMBV 
decreased and remained nearly constant until the end of the scan. It is worth noting that the COV did increase for later scans. This could be attributed to 
reader fatigue while analyzing the data and/or from the volunteer’s discomfort after lying in the magnet for an extended time without moving. 
 
Conclusion: This initial experiment, designed to assess the TMBV for the first 30 minutes after the subject is lying in a supine position, shows that there is 
a need to standardize the rest period before performing MRI for thigh muscle volume.  For this subject, a 15-minute period of supine rest prior to 
positioning on the table may have helped to detect smaller changes in thigh muscle volume by eliminating variability that could be introduced by posture 
change. These results will motivate further verification of reproducibility in more varied patient populations.  
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