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Figure 2. Mean impact peak magnitudes +/- 1 S.D. for 
14 subjects Inset: a typical force profile over time. 

 

Figure 1. Sudden Loading Evaluation Device (SLED).  

 
INTRODUCTION 

Previous studies have investigated the effects of 
reduced-stiffness components in comparison with 
more traditional components, but have not reported 
changes in GRFs (Miller & Childress, 1997; Gard & 
Konz, 2003; Berge, 2005). However, gait is a complex 
activity in which active modification of impact forces 
may be achieved through kinematic or neuromuscular 
adjustments. The purpose of this study was to deliver 
a controlled, consistent impact to the prosthetic-side 
limb while minimizing active user adaptation to 
systematically evaluate the effect of a wide range of  
prosthesis stiffness values on force generation. 

METHOD 

Subjects: 14 subjects with transtibial amputations 
(mean age: 49 ± 16 years, mean mass: 81.2 ± 15.9 
kg) were recruited to participate in this study. Subjects 
were required to have at least six months of 
experience with a prosthesis, be 18-80 years of age, 
and weigh <125 kg. The Northwestern University 
Institutional Review Board approved this study and 
informed consent was obtained from all subjects prior 
to participation. 

Apparatus: Impacts were delivered using a modified 
gym apparatus (Total Gym, San Diego, CA) with (1) a 
winch-controlled rolling platform, and (2) a force plate 
(AMTI, Watertown, MA) to record forces (Figure 1). 
The prosthetic side limb was extended during testing, 
and subjects were translated upwards 5 cm and 
dropped to generate forces of approximately body 
weight. 

Procedures: Subjects wore their current socket and 
suspension system, and were provided with a 
standardized experimental prosthesis consisting of a 
shock-absorbing pylon (SAP) and foot/shoe. 
Longitudinal stiffness was varied by swapping out the 
spring within the SAP. A NORMAL (manufacturer-
recommended), a SOFT (50% NORMAL) and a 
MEDIUM (75% NORMAL) stiffness as well as a 
RIGID pylon were tested for each subject. Impact 
testing was performed for each stiffness condition. 

Data Analysis: Cortex (MAC, Santa Rosa, CA) was 
used to collect force plate data. MATLAB 
(MathWorks, Natick, MA) was used to identify loading 
peaks, and SPSS was utilized to perform statistical 
analysis (IBM Corp., Armonk, NY). 

RESULTS 

No significant differences were found between 
stiffness conditions for either peak force magnitude or 
peak timing (Figure 2). 

DISCUSSION 

The lack of significant change in forces indicates that 
the experimental prosthetic stiffness conditions were 
not sufficient to alter the passive mechanical stiffness 
of the prosthetic-side limb. This finding explains the 
results of previous gait analyses that have determined 
no shock absorption benefit with reduced stiffness 
components. We believe this finding may be 
explained by the low stiffness of soft tissue at the 
residual limb/socket interface, which may dominate 
the behavior of the prosthetic-side limb system.  

CONCLUSION 

Longitudinal stiffness modification does not influence 
total limb stiffness in a transtibial prosthetic-side limb. 

CLINICAL APPLICATIONS 

It is important to consider the possible interaction of 
reduced-stiffness prosthetic components with other 
prosthesis and anatomical limb characteristics.  

REFERENCES 

Berge, J. J Rehabil Res Dev. 42, 795-808, 2005.  
Gard, S. J Rehabil Res Dev. 40, 109-124, 2003. 
Miller, L. J Rehabil Res Dev. 34, 52-57, 1997. 


