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Contribution of the out-of-plane component in the assessment 
of sacral soft tissue deformations under compressive loading - 
Preliminary study on one subject. 
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Introduction: Internal mechanical damage of the soft tissues was previously associated with the personalized risk of pressure ulcer development 
1. 3D MRI is considered to be a golden standard of medical imaging for observing internal tissue deformations. 2D Ultrasound (US) images have 
been investigated 2 to find a more accessible alternative to MRI. However, a possible downside of using such a 2D modality is disregarding the 
out-of-plane tissue movements. The objective of this work was to assess the contribution of the out-of-plane component of soft tissue 
displacements under compressive loadings. 

Methods: One healthy male volunteer (34 y.o., BMI=27.8 kg/m2) was enrolled in the study (MAP-VS protocol N°ID RCB 2012-A00340-43). An MRI-
compatible custom-made experimental setup, allowing the application of a vertical controlled load to the sacrum via an indenter, was used with 
different weights (0-1200 g) in a 3T MRI machine. Four load cases corresponding to the applied weight of 1200 g, 800 g, 600 g, and 400 g respectively 
were investigated. To evaluate the displacement fields, 3D image registrations (Elastix library) between the unloaded (Figure 1a) and loaded (Figure 
1b) MRI configurations were performed. For each voxel of the vertical loading plane, the ratio of the out of plane displacement to combined in-
plane displacement was evaluated (Figure 1c). 

Results: The voxel-wise ratios of the out-of-plane displacement to in-plane displacement were higher than 0.5 for more than half of the voxels in 
the region of indentation for all investigated load cases. This ratio was also equal to or higher than 1.0 for almost half of the voxels in the region 
for load cases 2-4.  

Conclusions: The preliminary results observed on one healthy volunteer suggest that the out-of-plane tissue displacements under compressive 
loads cannot be ignored. Possible next step is to investigate 3D B-mode US imaging as a way to combine the accessibility of the US technology 
and the advantage of three-dimension modality. 
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