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INTRODUCTION 
Prosthetic fit and liner selection are two of the most 
fundamental and important features of a prosthesis. 
Changes in socket fit (Sanders, 2005) and liner 
product (Ali, 2012) can produce changes in contact 
pressures by as much as 25%. However, it is not well 
established what variations occur from person to 
person due to differences in the shape and size of a 
residual limb. By understanding how loads are 
transmitted through different residual limbs, 
practitioners may be able to better anticipate and 
develop improved strategies to accommodate patients 
experiencing mechanically induced skin breakdown. 

METHOD 
Magnetic resonance images (MRI) were taken of 
three residual limbs characterized as cylindrical, 
short-conical, and long-conical. One participant using 
a uniform thickness liner in their prescribed prosthesis 
was recruited for each limb shape. 

Participants were first fit with a new liner (Ossur 
Dermo) of a 6mm uniform thickness profile. The 
participants’ prescribed sockets were digitized, and 
then a series of custom-designed, MRI-compatible 
prosthetic sockets were fit until a single socket was 
found that achieved a comfortable fit with no socks. 

Using the custom-designed sockets, participants were 
scanned to capture the geometries of the limb, liner, 
prosthetic socket, and distal air gap. From these 
scans, finite element models were created to evaluate 
the influence of limb shape, socket size, and liner 
material on load transmission pathways. 

RESULTS 
A small range in participant weight (84-92 kg) meant 
that limb shape (Fig. 1) varied significantly compared 
to ambulatory load. The range of limb circumference 
and tibial length were 30-38cm and 13-19cm. 

 
Figure 1. Coronal views illustrating the characteristic 
shapes of short-conical, cylindrical, and long-conical. 

All limbs exhibited multiple pathways of major load 
transmission. The patellar tendon was a common 
pathway to all limbs, while the others were specific to 
general limb shape (Fig. 2). 

The short-conical limb was true total surface bearing, 
with a major pathway on the anterior-lateral aspect. 

The cylindrical limb transmitted loads through the 
curved surfaces of the brim and distal socket. 

The long-conical limb transmitted loads through bony 
features on the proximal medial and lateral aspects. 

 
Figure 2. The cylindrical limb (middle) was not able to 
effectively transmit loads through desirable pathways 
on the anterior aspect, showing an adverse focal 
pressure over the anterior-distal tibia. 

DISCUSSION 
When queried before and after the study, the 
participant with the short-conical limb reported the 
highest satisfaction with his prescribed prosthesis. 
Despite his limb’s short length, this model had the 
lowest peak and best distributed contact pressures. 

Conversely, the participant with the cylindrical limb 
replaced his prescribed prosthesis shortly after the 
study concluded, because of an inflamed bursa and 
skin breakdown over the distal tibia. 

The participant with the long-conical limb reported the 
lowest satisfaction with his prescribed socket, but did 
not have it replaced. This was reflected in the model, 
which showed peak pressures 21% and 28% higher 
than the cylindrical and short-conical limbs. 

CLINICAL APPLICATIONS 
Each limb-socket geometry had a specific set of 
pathways for transmitting ambulatory loads. The 
short-conical limb presented angled surfaces for 
distributed load transmission on all aspects, while the 
two remaining sockets had at least one overhanging 
surface that was unable to support any load. These 
sockets used internal curvatures to transmit loads at 
the cost of increased localized peak stresses. Further 
research will help determine socket adjustments and 
liner selections that can improve localized stresses. 
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