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Introduction : Arterial spin labeling (ASL) and magnetization transfer (MT) imaging have been used to measure dynamic muscular blood flow [1] and macromolecular 
characteristics of patients with muscle dystrophy [2], respectively. Alternate ascending/descending directional navigation (ALADDIN) is a new imaging technique that 
allows researchers to acquire both high resolution multi-slice perfusion-weighted (PW) images [3] and magnetization transfer (MT) asymmetry images [4]. This is an 
improvement over current ASL techniques in that the distance between labeling 
and imaging planes are short, effective labeling duration is long, and thus it 
potentially has high sensitivity to perfusion from slow-moving (< 10 cm/s) blood 
such as white matter [3]. This technique allows us to get information about 
vascular physiology and metabolism simultaneously, which is favorable for 
dynamic assessment of muscle physiology. In this study, we evaluated the 
feasibility of ALADDIN imaging on human skeletal muscle and also potential 
challenges of ALADDIN imaging associated with the off-center locations. 
 
Material and Methods : All experiments were performed on a 3T whole body 
scanner (Siemens Medical Solutions, Erlangen, Germany) with a circularly-
polarized coil for both transmission and reception. ALADDIN imaging [3,4] was 
performed on 4% agarose phantom and skeletal muscle of three healthy 
volunteers. For suppression of potential eddy current contributions, we acquired 
four ALADDIN datasets using positive readout gradient, followed by the same 
four data acquisitions using negative readout gradient. Acquisition of these 8 
datasets was repeated once (total 16 repetitions). Imaging parameters were 
TR/TE = 3.76/1.88 ms, flip angle = 50°, matrix size = 128 × 128, 
FOV = 230 × 230 mm2, acquisition BW = 698 Hz, thickness = 5 mm, 
gap = 7 mm, PE order = linear, PE direction = anterior-posterior, delay time 
between repetitions = ~4 sec, and scan time = ~4 min. The ALADDIN imaging 
was performed along the axial and sagittal directions at about 100-mm off the 
isocenter along the X-axis (left-right). Both of the two possible PE directions 
were tested at each scan direction.  Datasets were reconstructed as percent signal 
changes between ascending/descending acquisitions for PW imaging [3] and 
between acquisitions of positive and negative MT frequencies for MT asymmetry 
imaging [4]. ROI analysis was performed in a region covering 90% of signal 
regions for both phantom and skeletal muscle from the center slice. For the 
acquisition of MT ratio, MT free images were acquired with ascending 
acquisitions and positive slice-select and readout gradients and with a long inter-
slice delay time of 8 sec (scan time = ~1 min) for one subject. 
 
Results and Discussion : Because of its intrinsic symmetric MT effects, the 
agarose phantom appears appropriate to evaluate the  contribution of eddy 
currents to ALADDIN MT asymmetry signals. For the agarose phantom, the top rows in Fig. 1a and b (+GRO) 
shows that the residual MT asymmetry signals increased with the readout offset (~100 mm). The residual signal 
levels for the sagittal scans were almost the same as Fig. 1b when the readout direction was the same (Fig. 1c vs 
Fig. 1b) and significantly decreased when the readout direction was along feet to head (Fig. 1d). In either case, 
the polarity of MT asymmetry signals changed with the readout gradient polarity (middle rows in Fig. 1a−d), and 
the signals were eventually suppressed by averaging the positive and negative readout gradient data (bottom row 
in Fig. 1a−d, average 0.0% for all of them). In human muscle, we observed signal modulations similar to the 
agarose phantom (Fig. 1e−h). The MT asymmetry signal of the skeletal muscle was relatively consistent 
independent of scan direction with the new average scheme (bottom row in Fig. 1e−h). In contrast to MT 
asymmetry, residual signals were insignificant in any scan direction or offset in PW images of the agarose 
phantom under our experimental conditions. 

Figure 2 shows images from a subject for all the baseline, perfusion, MT asymmetry, and MT ratio images. 
Weak perfusion signals of 0.07±0.02% (N = 3) (about 10% of those of brain) were observed along the axial 
direction, in agreement with those from literatures [5] (Fig. 2b). Although the net summation of ALADDIN PW 
signals was low in skeletal muscle, regional ALADDIN PW signals were heterogeneous (Fig. 2b). Magnetization 
transfer asymmetry signals in the muscle were 0.51±0.11% (N = 3), a value much higher than the muscle 
perfusion signals but about 30% of those in brain WM (Fig. 2c). The MT ratio was about 24 in percent unit, 
similar to those observed in brain WM (N = 1). 

The MT ratio of skeletal muscle has been studied previously [6,7]. However, to our knowledge, no study on the MT asymmetry of skeletal muscle has been 
reported. Further studies are necessary to investigate the clinical usefulness of ALADDIN blood flow, MT asymmetry, and MT ratio in skeletal muscle. 
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FIG. 1. Effects of eddy currents on ALADDIN MT asymmetry imaging at an off-
center location for an agarose phantom (a−d) and human skeletal muscle (e−h). 
The ALADDIN MT asymmetry images are reconstructed for the data with positive
readout gradient (+GRO, top row), negative readout gradient (−GRO, middle row), 
and average of the two data (Avg., bottom row). “P−N” represents the MT 
asymmetry signals with subtraction of MT-weighted data at the negative offset 
frequencies from those at the positive offset frequencies, and “N−P” vice versa. 

FIG. 2. Baseline (a), perfusion (b), MT asymmetry
(c), and MT ratio (d) images from a subject.  
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