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INTRODUCTION 

Socket suspension is essential in prosthetics and 
plays an important role in the control of artificial limb. 
A wide range of suspension systems exist including 
but not limited to suction, locking-pin and elevated 
vacuum (VASS). Each type of suspension has its own 
pros and cons. For example, locking-pin suspension 
is reported to significantly reduce the pistioning 
movement between the stump and the socket. 
However, during swing phase the locking-pin 
suspension could cause significantly larger negative 
pressure at the distal end of the limb than suction, 
which likely leads to skin problems. When compared 
to suction, VASS applies a significantly higher yet 
more uniform negative pressure on the residual limb, 
which helps reduce volume fluctuation and promote 
wood healing in residual limb. In addition, VASS is 
reported to improve gait symmetry.  

Though vacuum assisted socket system (VASS) has 
been favorably accepted in the clinical practice, its 
benefits particularly to control residual limb volume 
and promote residual limb health (e.g. wound healing) 
have not been sufficiently justified. VASS is still 
treated as experimental and investigational. 
Furthermore, little is known about its effects on gait. 
The objective of this pilot study was to quantitatively 
investigate the effects of prosthetic socket suspension 
including VASS, suction and locking-pin on gait 
characteristics in unilateral transtibial amputees. 
 

METHOD 

Subjects: five unilateral transtibial amputees using 
locking-pin suspension (age (mean±SD): 65.5±6.3 yr; 
body height: 1.73±.13 m; body mass: 80.6±15.6 kg) 
participated in the study.  

Apparatus: eight-camera optical motion analysis 
system with AMTI force plate were used to collect 
kinetics and kinematics of gait.  

Procedures: test sockets with a built-in expulsion 
valve were fabricated for each individual participant. 
With suspension sleeve and/or vacuum pump, we 
were able to obtain two other types of suspension: 
suction and VASS. Participants visited the lab three 
times. We used modified Helen-Hays marker set 
(including 19 reflective markers) and applied the 
markers on anatomical landmarks.  The camera 
system and the force plate were carefully calibrated 
and synchronized. Signals were collected at 100 Hz. 
Before the test, participants were asked to walk for 
around 3-5 min. Adjustment was made if needed. The 
patients were instructed to walk at self-paced speed 
and target the force plate with either side. Walking 

trial was repeated three times with at least 1-min 
break in between for each side. 

Data Analysis: gait parameters including 
spatiotemporal characteristics and kinematics/kinetics 
of the joints of both sides in the sagittal plane were 
obtained using Visual3D. We did not conduct 
statistics for this small sample. 
 

RESULTS 

The self-selected walking speeds were 0.94 (0.18), 
0.85 (0.26) and 0.96 (0.22) m/s when using locking-
pin, suction and vacuum respectively. Temporospatial 
data was summarized in table 1.  

Table 1 Temporospatial characteristics of gait (mean (std)). 

  

Amputated side Sound side 

 

Double 
Support 
Time (s) 

Stance 
% 

Step 
Length (m) 

Stance 
% 

Step 
Length (m) 

LP 0.23 (0.02) 67 (2) 0.57 (0.12) 70 (2) 0.54 (0.12) 

Suction 0.24 (0.03) 70 (3) 0.56 (0.14) 69 (2) 0.59 (0.13) 

Vacuum 0.23 (0.03) 70 (2) 0.59 (0.11) 70 (3) 0.54 (0.1) 

The peak ankle dorsiflexion angles were 8.89 (2.34), 
13.25 (7.19) and 9.31 (6.14) degrees, and the peak 
knee angles during stance phase in the sagittal plane 
were 5.63 (7.87), 15.8 (11.85) and 12.45 (7.49) when 
using locking-pin, suction and vacuum respectively. 
When using suction the ankle torque was 1.32 (0.26) 
Nm/kg on the amputated side while the sound side 
generated a torque of 0.92 (0.31) Nm/kg. 

CONCLUSION 

This pilot study indicates that the overall performance 
of suction is poorer than the other two suspension 
types. Suction or vacuum not only influence the 
ankle/knee kinematics but also lead to distinct 
characteristics of gait kinetics. Particularly, 
participants generated more ankle torque on the 
amputated side than the sound side.   

CLINICAL APPLICATIONS 

The outcomes of this pilot study could help 
practitioners in selecting the appropriate type of 
socket suspension and likely improve the functional 
performance of the patients. 
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