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3D muscle architecture assessed from diffusion tensor imaging with ultra-high-field MRI and tractography are sensitive to sex but only slight differences were detected in lower leg muscles fiber length and pennation angle of young healthy populations. The combination of diffusion tensor imaging-derived parametric maps 3D coregistration and statistical parametric mapping analysis shed light on additional differences along lower leg muscles in both sexes. Assessment at once and on a large spatial coverage of all the lower leg muscle volume, diffusion properties and 3D architecture with 7T-MRI provides reproducible parameters that might help in diagnostic of muscle tissue alterations leading to muscle function impairments.

Conclusion Materials & Methods Results

[1] Lieber RL, Friden J. Clinical significance of skeletal muscle architecture. Clin Orthop Relat Res. 2001(383):140-51. Muscle segmentation. Regions of interest were manually drawn on T 1 -weighted images using FSLview software (Fig. 1). Muscle areas were segmented every 5 slices, and missing slices were automatically interpolated [5]. Muscle volume was calculated by summing the volume of each muscle in all the slices. 

3D muscle architecture.

From muscle fiber tractography, muscle fiber length (L F ) and pennation angle (θ) were characterized. θ was determined as the angle between the muscle's principal axis and the global direction of each fiber tracked within the muscle. L F and θ were averaged over all fiber tracts within each voxel.

Statistical analysis.

A 3D spatial normalization and statistical parametric mapping (SPM) were performed on the basis of an original methodology (Fig. 2) previously described [6]. Muscle volume was then divided in three equal parts (i.e., distal, central and proximal) to discriminate potential change in architecture parameters along muscle and across sex.

alexandre.foure@hotmail.fr alexandre.foure@univ-amu.fr Significant sex differences were detected in muscle volume (+ 21.7 % in men for the entire lower leg, P = 0.008).

Corrections of DWI.

Each diffusion-weighted dataset was denoised using BM4D algorithm. Geometric and signal distortions were estimated on b = 0 s/mm² images with the topup function from FSL software and modifications were applied to correct images from these distortions and Eddy currents using FSL eddy function.

Intensity of non-distorted diffusion-and T 1 -weighted images were corrected from B 1 homogeneities using N4ITK algorithm from ants library. Finally, each T1-weighted image was registered with the image obtained for b = 0 s/mm² using 3D rigid-body transformation, subsequently applied to muscle segmentation masks. For instance, L F was significantly higher in the central part for GL, FHL and POP but lower in the distal part for GM, SO sup , FHL, LCLL and ACLL. θ was lower in proximal part of SO sup , TP and ACLL Differences were found independently of sex in architecture along several muscles of the lower leg (Fig. 3).

Significant sex differences were found in fiber length of all DPCLL muscles (i.e., L F men > L F women for FHL, FDL, TP and POP) and pennation angle of FDL but SPM analysis revealed only few significant local differences regarding to sex.
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 23 Fig.3: Fiber length (L F ) and pennation angle (θ) in the distal (DIST), central (MID) and proximal (PROX) parts of the lower leg muscles in men (blue) and women (red). L F and θ was altered along muscles (gastrocnemius medialis [GM], gastrocnemius lateralis [GL], soleus [SO], flexor hallucis longus [FHL], flexor digitorum longus [FDL], tibialis posterior [TP], popliteus [POP] and muscles included in the lateral [LCLL] and anterior [ACLL] compartment of the lower leg). *: significant difference between parts and sex (post-hoc comparison from length × sex interaction effect). †: significant difference between parts (post-hoc comparison from length main effect).
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 1 Fig.1 : Segmentation of the lower leg muscles
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 2 Fig.2 :Pipeline of data processing for the 3D spatial normalization