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are shown using ridgeline plots of kernel density estimations. a-c) Inter-vendor images (G1 vs S1 554 

and G1 vs S2) appear more similar in VENUS (lower row) than in native (upper row). d-f) 555 

Distribution shapes and locations agree with visual inspection from (a), indicating closer 556 

agreement between VENUS distributions. g-i) Superior between-scanner agreement of VENUS 557 

persists in GM as well. Compared to WM, GM distributions are in the expected range (higher T1, 558 

lower MTR and MTsat values).   559 

 560 

Figure 6 - Shift function analysis of T1, MTR and MTsat results from a single participant in 561 

white-matter (WM). a) Shift function analysis is a graphical tool for analyzing differences 562 

between two (dependent in this case) measurements at any location of the distributions. It shows 563 

9 markers dividing the distribution into 10 equal chunks; hence the markers represent deciles. The 564 

shape of the curve (shift function) obtained by plotting decile differences against the first decile 565 

characterizes how distributions differ from each other. b-d) Here, shift function plots compare the 566 

agreement between different scanners for VENUS (bottom row) and vendor-native (top row) 567 

.CC-BY-NC 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 18, 2022. ; https://doi.org/10.1101/2021.12.27.474259doi: bioRxiv preprint 



 28 

implementations in quantifying T1, MTR and MTsat. Across all the comparisons, the apparent 568 

trend is that the VENUS inter-vendor variability is lower than for the vendor-native 569 

implementations.  570 

 571 

Figure 7 – Hierarchical shift function analysis of T1, MTR and MTsat results from three 572 

participants in the white-matter (WM). a) Hierarchical shift function repeats Figure 6 for all 573 

participants (shades of pink). Group deciles (red and blue markers for VENUS and vendor-native, 574 

respectively) show the average trend of inter-scanner differences across participants.  b-d) G1-vs-575 

S1 and G1-vs-S2 (inter-vendor) agree in VENUS better than they do in vendor-native for all 576 

quantitative maps of T1, MTR and MTsat.  577 
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Data availability statement 582 

All the vendor-neutral pulse sequences are publicly available as git submodules at 583 

https://github.com/qmrlab/pulse_sequences and can be run on RTHawk systems v3.0.0 and later. 584 

The RF and gradient waveforms (spv files) can be inspected and simulated using SpinBench 585 

(https://www.heartvista.ai/spinbench). As per the general design principles of fully reproducible 586 

qMRFlow pipelines, we adhered to a one-process one-container mapping for the processing of this 587 

dataset. Docker images, BIDS and ISMRM-RD compliant dataset from the current study are freely 588 

available at https://doi.org/10.17605/osf.io/5n3cu. Finally, the whole analysis and interactive 589 

version of all the figures in this article will be available and executable online at 590 

https://github.com/qmrlab/venus.  591 
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