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Direct Visualization of Muscle Fibrosis and Mineralization Using MR Microscopy
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Introduction
	Duchenne muscular dystrophy (DMD) is one of the most devastating genetically linked neuromuscular diseases and affects one in 3,500-6,000 boys. The disease is caused by the absence of dystrophin, a 427kd membrane-associated cytoskeletal protein (1).  Increased membrane fragility renders the dystrophic muscle susceptible to muscle damage eventually exhausting the muscle’s ability to repair itself.   Following failed muscle regeneration, the muscle is replaced by scar and non-contractile tissues. In the case of dystrophic mice, the muscle undergoes extreme fibrosis and mineralization.  Due to the ultrashort T2s of collagen and mineral deposits, which occur on a microscopic scale, these tissue components have been difficult to characterize using conventional MR methods. In this study we used 3D ultrashort TE (UTE) and zero echo time (ZTE) imaging methods in combination with microimaging to visualize and quantify areas of muscle fibrosis and mineralization in the dystrophic, mouse diaphragm muscle.[image: ]
Figure 1.  High resolution images of isolated control and dystrophic mouse diaphragms.  Note the areas of signal hypointenstity in the dystrophic muscles.






Experimental
	Isolated muscles were obtained from seven month old DBA/2J (ctrl/dba; n = 5 male), D2.B10-Dmd mdx(mdx/dba n = 5 male), and one-year-old gamma sarcoglycan deficient mice (gsg-/-) on the DBA/2J background (gsg/dba; n=8; male/female). Diaphragm muscles were isolated and fixed overnight in 4% PFA then kept at 4°C in PBS until the time of microimaging at which point they were immersed in FC43 and placed in 5mm NMR tube.  High resolution 3D UTE and ZTE images were acquired on both AMRIS 600 and 750 MHz Bruker microimaging platforms (PV5). For the UTE scans were acquired with: TR=8 ms, NA= 8, FOV 0.4x0.4x0.8 cm3, Matrix =128x128x128, TE values ranging from 0.02-3.2 ms, ZTE scans were acquired with the same parameters except that was equal TE= 0 ms.  The UTE images were analyzed for SI in the middle slice of each diaphragm. SI values of short TE and corresponding long TE were normalized and subtracted to create ΔSI values. In addition, standard 3D FLASH (TE/TR=2.4/200, 39x20x35 um3) images were acquired for comparison to the 3D UTE and ZTE scans (Fig 1).  [image: ]
[bookmark: _GoBack]Figure 2.  A shows a histological stain for fibrosis (Blue) from the different types of muscles.  A largest change in MRI UTE signal (%) was found in the most fibrotic muscles (B).




Results
	Mdx/dba (ΔSI=0.36%, p<0.01) and gsg/dba (ΔSI=0.43%, p<0.01) showed a significant increase of ΔSI compared to control/dba (ΔSI=0.21%). Multiple TE 3D UTE data sets (TE=0.02-3.2ms) of mice diaphragm were acquired and analyzed for T2* and showed a significant decrease in T2* between dystrophic (T2* =3.48ms) and healthy regions (T2* =7.73ms, p<0.01) in dystrophic diaphragm as well as in control diaphragm (T2* =22.58ms, p<0.01).

Conclusions
	The results of this study indicate that 1) ultrashort TE imaging can be used for the direct visualization of fibrosis in dystrophic mouse muscles and 2) quantitative UTE MR can differentiate between different levels of fibrosis in muscle.  The ability to monitor tissue fibrosis with MRI will allow for the better characterization of these mouse models. 
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