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Background: Computer aided design and manufacturing (CAD/CAM) may enable evidence-
based socket design through data science methods by leveraging prior CAD/CAM records [1]
or when matched with simulation for socket fit prediction [2]. However, few researchers have
access to the required volumetric medical imaging data, and there is cost, inconvenience, and
risk associated with putting our relatively small community of eligible participants through CT
or MRI scanning.

Aim: To produce an ‘OpenLimb’ open-access Statistical Shape Model (SSM), describing a
population of residual limb shapes in a general manner, that can be published and shared with
other researchers whilst preserving the security of the underlying imaging data.

Methods: An SSM was generated using 11 MRI scans of transtibial residual limbs collected
with ethical approval and written consent (Figure left). Scans were segmented (ScaniP,
Synopsis Inc) to describe the skin surface and bones, exported as .stl meshes, and size-
normalised to intact tibia length, estimated using the person’s height [3]. Meshes were aligned
by the residual tibia, and registered (Figure middle top). Finally, the mean vertex locations
were calculated (Figure middle bottom), and Principal Component Analysis (PCA) was used
to extract the dataset’s variation (Figure right).

Results: Principal modes of variation represented independent changes in the length and
profile of both bone and soft tissues. Synthetic individuals around the mean shape were created
by selecting characteristics from these modes of variation.
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Figure: Generating a transtibial residual limb Statistical Shape Model from MRI data (1), segmented, allgned and registered (2) to
produce a mean shape (3) and principal modes of shape variability (4) shown in anterior and lateral views, with associated variance %.
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This model is only preliminary, as it is trained upon a limited population of residual limbs with
similar morphology and ethnicity. Assumptions cannot be made about how it will represent
limbs outside the training dataset. In a Leave-One-Out cross-validation test, the mean shape
was reconstructed with root-mean-squared-error (RMSE) of 0.64—2.51mm (median 1.05mm).
However, the left-out shapes were reconstructed with higher RMSE (3.27-11.3mm, median
4.8mm), indicating the training dataset must be expanded.

However, to provide access and encourage other researchers to contribute their data, following
appropriate  approvals, this resource has been made publicly available at
https://github.com/abel-research/openlimb, open access.

Discussion and Conclusion: Previously SSMs have described the exterior limb surface [1],
but this is the first open access residual limb SSM, and includes bone geometry. This can
provide researchers with a wider pool of limb shapes for biomechanical analysis of socket
designs and materials, and may enable estimation of personalised models to assess socket fit,
predicting the bone geometry from external limb shape data. However the model must be
expanded with additional data, and we invite the community to contribute.
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