
 
 
 

 
 
 
 
Abstract 
Marker based method to measure movement between residual limb and a transtibial prosthetic socket 
 
Introduction 
The prosthetic socket is an important connection between the residuum and prosthesis yet there are many interface 
related problems.  Limb movement between the residuum and socket continue to be an underlying factor in residuum 
limb health, prosthetic comfort, and presumably gait performance.  Motion does occur between the residuum and the 
socket as loads are transferred to the prosthesis. 
 
The movement of, and mechanics controlling, the residuum during gait is not well defined yet paramount to improving 
prosthetic socket design and gait performance.  This research defined limb mechanics at the prosthetic socket during 
gait.  The first hypothesis tested was the marker based system would quantify limb segment movement larger than the 
error inherit in the motion tracking system.   The second hypothesis addressed the joint moment calculated would 
demonstrate an extension moment at the residuum prosthetic joint during late stance to pre-swing and opposite to the 
knee joint moment. 
 
Method 
Subjects: One male subject with a uni-lateral transtibial amputation secondary to trauma has thus far completed the IRB 
approved study (74.8 kg, 1.8 m, 41 yrs, 10 yrs post amputation).  The subject was a K4 level ambulator, utilized a 
modified patellar tendon bearing prosthetic socket with a silicone liner and pin-lock suspension with an energy storage 
and return type prosthetic foot with vertical shock and transverse rotation absorber. 
 
Apparatus: An eight camera motion capture system recorded limb kinematics (Vicon motion systems, Oxford, UK).  Two 
inground force platforms recorded ground reaction forces (model OR6, AMTI, Watertown, MA).  
 
Vicon PlugInGait lower body marker set was modified to include additional markers to track movement of the residual 
limb segment.  The prosthetic socket was modified by drilling two 15 mm diameter holes over the distal anterior tibia 
and lateral femoral condyle.  Marker bases were applied directly to the skin of the residuum, the liner was then 
punctured to allow for marker arrays to protrude through the liner and the holes in the prosthetic socket.  The holes in 
the liner were resealed with silicone.  This marker arrays consisted of a reflective marker 25 mm from the bases and a 
second marker 60 mm from the first marker.  This allowed for the array to clear the prosthetic socket and be tracked by 
the motion capture system.  The use of two markers allowed for a line vector to be drawn back to the exact location of 
the baseplate regardless of the angular orientation of the array.  Additional markers were applied along the centerline 
and on the lateral side of the prosthetic socket.  This allows for the definition of the residuum as a limb segment and the 
prosthesis as a separate limb segment. 
 
Procedures: The calibration of the motion capture system was verified by using a wand with two 12 mm diameter 
markers attached 130 mm apart from each other.  The wand was waved in the capture volume while data were 
recorded for 30 seconds at 100 Hz. 
 
The kinematic model was calibrated by having the subject stand quietly in the capture volume.  This defined the neutral 
alignment of the residuum relative to the prosthesis.  The subject traversed the walkway at a self-selected pace until 6 
successful trials, i.e. each foot struck the force platform, were collected.   
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Data Analysis: The precision of the motion capture system was defined as +/- 1.96 times the standard deviation (95% 
confidence interval) of the measured wand length.  Angular precision was defined as +/- the arcsine of two times the 
motion capture system precision divided by residual limb length. 
 
Custom written Matlab scripts reduced the kinematic and kinetic data using inverse dynamics to calculate joint 
movement and moments at the ankle, residuum/prosthetic, knee and hip joints. 
 
Results 
The angular precision of the motion capture system was +/- 0.08 degrees.  Angular movement of the residuum relative 
to the prosthesis was ~1 degrees flexion from initial contact through terminal stance then rapidly flexed to 8 degrees 
throughout pre-swing and initial swing.  The residuum would then rapidly extend during terminal swing.  The moment at 
the residuum/prosthesis joint demonstrated a large extension moment during terminal stance and pre-swing. 
 
Discussion 
Movement of the residual limb segment relative to the prosthesis was greater than the precision of the measurement 
system indicating this method can measure limb/socket movement.  The moment at the residuum/prosthesis joint was 
similar to the knee joint during loading response to midstance when the function is weight acceptance and single limb-
support.  The moment then becomes a large extension moment is generated to load the prosthetic foot during terminal 
stance to pre-swing.   
 
Conclusion 
This method can measure limb socket movement and this movement is consistent with control of the limb/socket 
interface. 
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