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INTRODUCTION 

The United States has approximately 1.7 million 
people living with limb loss [1]. To maintain 
ambulation, patient specific prosthetic devices 
are designed. Research related to prosthetic 
socket fit include pressure distribution at socket 
to limb interface [2], residual limb bone 
kinematics within socket [3], and prosthetic 
socket fit and pistoning [4]. The current research 
study presents the development of a novel 
method to measure residual limb motion 
beneath the surface of a prosthetic socket using 
motion capture technology. Engineering 
principles combined with clinical need may have 
implications for identifying tissue breakdown 
which may lead to ulcer formation on regions of 
the residual limb at the socket interface. 

  
METHOD 

Twenty-two retro-reflective thin-disc markers 
were     placed beneath a clear transparent test 
socket    manufactured out of Thermolyn. A 12 
camera Vicon system tracked the locations of all 
22 markers and these data were compared to 
markers placed on the outside of the socket and 
pylon. The prosthetic replica incorporated a 
plaster mold, interfaced with a standard gel liner 
and pin suspension system. Future work will 
replace plaster with a deformable replica of a 
below knee amputee. Distances measured 
between markers were compared to the inter 
marker distances captured with the motion 
capture system when the residual limb replica 
was placed into the test socket. Dynamic trials 
were then collected of emulated clinically 
observed pistoning by vertically displacing the 
limb upward and capturing marker movement 
patterns relative to the prosthesis (Figure 1). 

      
Figure 1: Testing setup and image with cameras 
 
RESULTS 

Results (Table1) demonstrate an approximate 
2mm displacement between tibial 
tubercle(TT)/Medial Tibial Plateau (MTP) and 
the distal fibula (DF). Only 0.23mm 
displacement was seen at the proximal 
fibula(PF).  Static caliper values compared to 
measured distances are within the camera 
system error band, accurately measuring 
locations beneath the surface of a socket. 

Table 1: Displacement results (in mm) 

 Caliper 
dist.  

Static meas. 
w/ MC  

Dynamic ROM  

TT/MTP 35.37 35.28 +/- 0.02 35.09 – 37.45 

PF 35.72 35.88 +\- 0.04 35.65 – 35.88 

DF 45.35 45.47 +/- 0.5 46.09 – 48.70 

DISCUSSION AND CONCLUSION 

Future work will implement this testing method in 
individuals presenting with trans-tibial 
amputation. Uneven regional deformation is an 
important finding because clinicians may be 
underestimating the deformation that is 
happening at the bony prominences, where 
tissue breakdown is common, compared to soft 
tissue regions. The results of this study 
encourage a novel methodology to be applied to 
individuals presenting with amputation during 
walking to empirically assess clinical pistoning 
and the distribution of deformation within the 
socket. 

CLINICAL APPLICATIONS 
Several clinical factors play a role in ulcer 
formation including: time since amputation, 
degree of tissue remodeling, presence of bony 
prominences close to the surface of the skin, 
quality of socket fit, distribution of forces on limb. 
Information obtained from this experiment may 
be used to inform clinicians on different methods 
of socket modifications to decrease risk of ulcer 
formation.  
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