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INTRODUCTION 

This study investigated the effect of prosthetic socket 
suspension type on knee proprioception and dynamic 
balance in transtibial amputees. Participants were 
placed into three groups according to their 
suspension types: suction, locking-pin and vacuum 
assisted suspension system (VASS). We 
hypothesized that VASS will improve both knee 
proprioception and dynamic balance compared to 
locking pin and suction.  

METHODS 
Subjects: 31 legs (13 locking-pin, 9 section, 9 VASS) 

were tested with 19 total subjects (16M/3F with 
transtibial amputation).  One subject was bilateral and 
additional sockets were made to test different 
suspension styles within our population. 

Apparatus: An electric goniometer was used to 
measure knee angles and a YEI accelerometer 
measured accelerations while walking on a treadmill. 

Procedures: The electric goniometer was placed at 

anatomical knee center of both the sound and 
amputated sides. Participants flexed their knee to the 
preset target six times and held for about three 
seconds each time. For dynamic balance, the 
accelerometer was placed on the lower lumbar of the 
participant. They walked at a self-selected speed, two 
times for three minutes each with at least one minute 
rest. 

Data Analysis: Data was processed using MATLAB 
and the dynamic stability was quantified by the local 
dynamic stability (LDS).  For knee proprioception, a 
repeated measures ANOVA was used with factors 
including: WB vs. NWB, amputated vs. sound side, 
targets, and suspension. For dynamic balance, a 
MANOVA was conducted.  

RESULTS 

Statistical analysis was found for knee proprioception 
in weight bearing vs. non-weight bearing (p=0.017). 

 

Figure 1. Averages of trial preset target minus 
attempted angle for all participants at each given 
preset target for NWB and WB. Standard deviation is 
shown and significance was found with α set at 5%. 

Marginal significance was found in the LDS of the AP 
plane while utilizing locking-pin and VASS suspension 
methods in the ST (p= 0.056).  

DISCUSSION 

The increased proprioception in weight bearing and 
improved balance in local dynamic stability are 
relevant findings. These characteristics are worth 
noting as proprioception and dynamic stability are 
important factors in gait for decreasing the risk of falls.  
VASS has also been shown to decrease the risk of 
falls in previous studies (Ferraro, 2001 & Wernke, 
2015) 

CONCLUSION 

The types of suspensions tested showed no statistical 
significance in affecting knee proprioception on 
amputees. With locking-pin and VASS suspension 
styles there is marginal significance in the AP plane 
during the initiation of gait through the first stride.  
This suggests the patients possibly felt more 
confident at the beginning of gait in the locking pin 
and VASS suspension styles.   

CLINICAL APPLICATIONS 

VASS, suction, and locking-pin suspension all provide 
the same amount of proprioception.  With the 
marginal significance found in local dynamic stability 
with locking pin and VASS suspension, one could use 
this in discussing suspension styles with a new 
amputee.  However, these findings were marginal and 
more research with larger sample size is needed to 
confirm this finding. 
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