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ABSTRACT

A transradial (TR), or below elbow, prosthetic device is an artificial limb designed to replace the function of a
missing upper extremity. However, there are several barriers to accessing quality prosthetic care, including a
scarcity of highly trained prosthetists, long turnaround times, and material-intensive manufacturing processes®.
Recent advancements have shown that digital technologies, such as CAD software and 3D printing have the po-
tential to provide better-fitting devices while reducing clinician resources®®. Despite these advancements, no
methods for digitally designing TR prostheses have been fully integrated into clinical practice. The lack of litera-
ture on conventional TR prosthesis design makes it especially difficult to translate into digital workflows. The
alignment, described as the precise position of the prosthetic components relative to the socket and arm, is critical
for proper fit and function®. However, conventional alignment practices remain largely subjective, relying on the
expertise of each prosthetist. This research aims to leverage digital technologies, such as 3D scanning, to quantify
conventional alignment practices and translate these insights into data-driven digital workflows.

This study addresses these challenges through two objectives. First, semi-structured interviews with prosthetists
reveals that alignment strategies often involve a combination of visual approximations and quantitative tools.
Guiding lines are drawn on sockets to approximate wrist placement, supplemented by measurements such as the
distance from the olecranon to the thumb tip and tracings of the contralateral limb. Common adjustments include
medial wrist positioning and incorporating approximately five degrees of flexion and adduction to improve con-
trol. Prosthetists emphasized the relationship between function, cosmesis, and body symmetry, noting that devia-
tions are highly case-specific and informed by collaborative discussions with patients. Second, imaging protocols
were developed to quantify alignment using 3D scanning. This involves exploring two potential methods of meas-
uring alignment for their relevance and repeatability: a global reference, which positions the prosthetic wrist in
relation to a constant such as landmarks on the body or the contralateral limb; and a system reference, which aligns
components using a joint and link biomechanical model. Preliminary testing demonstrated the feasibility of these
methods for examining measurable trends. In one case study, the prosthetic limb was 19 mm longer than the
contralateral limb, contrary to prosthetist expectations of maintaining body symmetry. Angular measurements
indicated prosthetic adduction and pronation between 1-12 degrees, aligning with prosthetist reported practices.

This work establishes a foundation for ongoing analysis with a larger sample size, which will refine statistical
models correlating measured alignment patterns with qualitative prosthetist input. By bridging conventional and
digital approaches, this research provides quantitative insights which may be used for education and the develop-
ment of data-driven digital workflows, ultimately improving the efficiency and effectiveness of TR prosthesis
design.
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