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SUMMARY 

A novel protocol for the optimization of the prosthesis of 

lower-limb amputees is presented through a case study. The 

protocol integrates kinematic, kinetic and thermographic 

stump analyses in order to provide an accurate evaluation of 

the whole prosthetic setup. Results show the effectiveness of 

this multi-factorial approach in highlighting biomechanical 

differences between two prosthetic options for the patient 

involved and the relation of these differences with the 

prosthetic alignment and socket construction.  

 

INTRODUCTION 

In order to optimize the prosthetic setup, there is the need of 

multi-factorial protocols able to provide focused and 

quantitative information about the dynamic interaction 

between the amputee and the prosthesis. Specifically, 

kinematic and kinetic information should be able to correctly 

assess the effect on gait of different prosthetic components, 

coming with different mechanical designs; the biomechanical 

information should then be completed with an evaluation of 

the socket-stump interface, which has a primary role in the 

success of the prosthetic fitting. The aim of this work was to 

evaluate the effectiveness of a novel protocol, based on 

clinical gait analysis and infrared thermography, for the 

assessment of biomechanical performances, prosthetic 

alignment and socket construction on lower-limb amputees. 

 

 

METHODS 

A traumatic, bilateral transtibial amputee (AF, 66 years old) 

was assessed with two prosthetic configurations: the first 

included two Ossur Ceterus Foot (CC), while the second two 

Ossur Proprio Foot (PC); both configurations had the same 

socket design (total surface bearing) and liner (5 rings Ossur 

Seal-In). All sockets were constructed by the same, expert 

CPO, who also performed the prosthetic alignment. AF had 

being using both CC and PC for more than 3 months at the 

time of tests; each configuration was assessed separately, on a 

single day and after at least 24 hours of continuous use. Each 

configuration was evaluated according to the protocols that 

follow. 

Gait Analysis (GA) -  kinematic and kinetic data were acquired 

by means of a Vicon MX40 optoelectronic system (6 cameras, 

UK), following the protocol described in [1], specifically 

designed for lower-limb amputees; the energetic efficiency of 

the two feet was calculated following [2]. All trials were 

conducted at the same comfortable walking speed (4.5 km/h), 

which was controlled using two photocells placed at the edges 

of the walking path (allowed variability range: ±0.05km/h). 

Infrared thermography (IRT) - Thermographic images were 

acquired with a FLIR AR325 camera (FLIR Systems, US). For 

each prosthetic configuration, each naked stump was acquired 

on its 5 anatomical planes (medial, lateral, anterior, posterior, 

transverse) twice, after 30 minutes of walking (After Walking 

- AW) and after a 30 minutes period of rest (Resting State - 

RS). The acquisition environment had temperature and 

humidity controlled and constant; floor and walls were treated 

in order to avoid heat reflections. After the acquisition, AW 

images were manually analyzed in order to identify areas with 

temperature higher than the whole body segment’s mean (hot 

spots). If an hot spot was found,  the area was manually 

circumscribed using FLIR R&D Software and then compared 

with the same area in RS and between prosthetic 

configurations. 

 

 

RESULTS AND DISCUSSION 

GA) Ceterus feet presented a higher degree of energetic 

efficiency with respect to Proprio (Table 1); these results are 

consistent with the manufacturer’s prescription criteria. With 

configuration PC, the patient showed lower peak flexion 

angles of hips and knees during swing; this is probably due to 

the 5.5° of ankle active dorsiflexion during swing phase 

(Figure 1). With CC it was found a different behavior of the 

left and right side dumpers, with the left one constantly less 

compressed of about 5mm, resulting in dynamic dismetry 

between the two legs; this is also the possible cause of the 

mean 4° pelvis frontal tilt found with CC. A 5° greater right 

knee varus angle for PC was found compared to CC in stance.  

IRT) With CC, the popliteal fossa showed a higher 

temperature in AW when compared to PC (Figure 2); this can 

be related with the higher degree of knee flexion found 

through the GA protocol. Finally, the higher knee varus angle 

showed by the right side with PC, with respect to CC, is 

reflected in a higher hot spot temperature in the medial side 

apex of the right stump.  

Following these consideration, an closer technical analysis of 

the socket revealed the need for its revision, consistently with 

the indications provided by the GA and IRT data.  

 

 

CONCLUSIONS 

The multi-factorial protocol successfully brought in evidence 

the differences between the two prosthetic configurations. The 



GA protocol, specifically developed for lower-limb amputees, 

was able to both assess kinematic/kinetic characteristics of the 

two prostheses and their assemblage and alignment. The use 

of IRT allowed the assessment of the socket design and 

construction, measuring the effects of the mechanical 

interactions between socket, liner and the stump. 

Results showed a correlation between kinematic and kinetic 

outcomes and the prosthesis’ socket design and alignment 

quality, suggesting the use of the protocol for the assessment 

and optimization of lower limb prostheses. 

Thanks to these first results, at the current time, more tests are 

underway on a group of selected cases in order to evaluate the 

feasibility of the application of the multi-factorial protocol in 

the clinical routine. 

 

Table 1: energetic efficiency results. 
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Energetic Efficiency 

 Ceterus (CC) Proprio (PC)  

Front Heel Front Heel  

Right 69% 80% 53% 48% Right 

Left 73% 68% 56% 86% Left 

 

       
Figure 1: Gait analysis markerset - knees and ankles sagittal kinematics. Arrows point out major differences.  

 

    
Ceterus – AW state Proprio – AW state  RS - Resting state 

Figure 2: Infrared thermography – Right stump,  posterior anatomical plane. 

 


