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Scientific context : Muscle proprioceptive projections in the human spinal cord have sparsely been studied 
despite their essential role in self-motion perception. Nevertheless, recent advancements in technology and 
methodology have facilitated the exploration of the spinal cord using functional magnetic resonance imaging 

(fMRI), overcoming inherent technical challenges.  In this study, we investigated proprioceptive neural circuits by 
combining spinal fMRI and amagnetic mechanical vibration of wrist, biceps and deltoid muscle tendons. The 
protocol allowed exploration of both lateralization and top-down / rostrocaudal organization of the spinal cord in 
a single fMRI session through stimulation of six different sites across both arms. 
 
Use of cluster : Analysis of cervical fMRI images atmultiple steps. Mainly useful to parallelize computation 
across images (25 participants x 4 runs each = 100x faster parallelizing, and way less demanding for my 
computer). 
 

• Preprocessing of images : data registration to template space, data cleaning and data smoothing with 
the Spinal Cord Toolbox (SCT, De Leener et al., 2014), or nilearn. 

• Modelization of acquired images to study BOLD signal and observe spinal  activations : 
◦ Univariate analysis : Using FEAT by FSL (Jenkinson et al., 2012) - 1h30 instead of several days 
◦ Multivariate analysis (MVPA) : nilearn tools tested and parallelized here. 

 
Excerpt of obtained results : 
 

 
Figure 6. A, Group-level activation maps overlaid on the normalized probabilistic map (PAM50 template space), in coronal (max intensity projection) and 

axial (activation peak slice) views. The image on the left represents Left vs Right contrast of each stimulated arm level with a color code : Anterior Deltoid in 
green, Biceps in blue, and Wrist Flexor in red. The image on the right represents Right > Left contrasts with same color code. T-statistics are cluster-

corrected (T>3.1, p < .05, cluster-corrected), except Right > Left Anterior Deltoid contrast map shown in T>3.1, p<0.001 uncorrected, indicated by a white 
triangle symbol. D : dorsal, V : ventral, L : Left, R : Right, C : Coronal, R : Rostral. 

 

 
We found robust task-specific activations, primarily ipsilateral to the stimulated arm and concentrated in the 

ventral horn, consistent with the known connection of Ia afferents to motoneurons via a monosynaptic loop. 



Considering the three arm levels stimulated, activations displayed a rostral-caudal distribution corresponding to 

the proximo-distal location of muscles, ranging from the shoulders (C5-C6) to the wrists (C8) [Figure 6A]. These 

observations were validated through cluster-corrected subject-level analyses within the probabilistic map. 

Furthermore, the innovative identification of individual spinal levels has unveiled new avenues for exploring 

participant spinal-level specific activity, through mesuring lateralization with a rigourous bootstrap/histogram 

method [Wilke et al., 2006] and deciphering left-versus-right pattern decoding. These advancements underscore 

the promising clinical implications of functional imaging in unraveling the complexities of spinal circuits.  

 

 
Description of attached scripts : 
 

• For Preprocessings : 
the script of interest is invoked within submit_job_xxx.sh, which in turn calls 
submit_job_xxx_split_runs.sh. This process is designed to parallelize processes across all participants 
and runs. 
 

• To run General Linear Model (GLM) with FSL’s FEAT in fMRI analyses : 
In both uni- and multivariate analyses, the script run_feat.sh is invoked within submit_job_feat.sh, 

which in turn calls submit_job_feat_split_runs.sh. This process is designed to parallelize the 
computation of the FEAT model across both participants and runs. Each participant and run has its configuration 
file, which is utilized as input in run_feat.sh. These configuration files are generated based on a template file 
(cluster_template_design_MVPA_ses-02.fsf) through a rapid Python script. 
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