
 
Matching Peak GRF by Utilizing Powered Prosthesis 

Patrick, Shawanee; Victor Pardes, Hur, Pilwon 

Texas A&M University, Mechanical Engineering 

  

American Academy of Orthotists & Prosthetists 

43rd Academy Annual Meeting &  

Scientific Symposium 

March 1-4, 2017 
FPTH14 

INTRODUCTION 

Lower limb amputations have the greatest effect on gait 
and balance (e.g., gait asymmetries, abnormal gait, 
increased energy expenditure, and balance) 
(Herbet,1994; Martinez-Villalpando, 2011; Ku, 2014;). 
To attenuate these issues, many lower limb prostheses 
have been developed that can imitate the behavior of 
normal human walking and provide the possibility of 
recovering damaged walking functions. However, 
increased loading of the intact leg can lead to problems 
such as osteoporosis and scoliosis. Powered 
prostheses can potentially be used to minimize 
differences in peak forces. This study compares the 
amputee’s Ground Reaction Force (GRF) while wearing 
the participant‘s own microprocessor-controlled 
transfemoral prosthesis and the newly developed 
powered transfemoral prosthesis: AMPRO II (Fig. 1). 
AMPRO II weighs 5kg and 
is 380mm tall. It utilizes a 
human inspired control at 
the knee and flat foot 
walking at the ankle.  

METHOD 
Subject:  One 21 year old 

transfemoral amputee 
male was recruited. He 
was approximately 120lbs 
without a prosthesis and 
was 5’9” tall.  

Apparatus: i) AMPRO II, ii)  microprocessor knee, iii) 
low profile Triton foot, and iv) Bertec force plate. 

Procedures: To compare the subject’s microprocessor-

type prosthesis (Genium, Ottobock, Germany) and 
AMPRO II, the subject’s GRF was collected and 
Symmetry Index (SI) of GRF was computed. A force 
platform was used to capture the GRF during normal 
flat ground walking while the subject was wearing a 
prosthesis. This was completed 6 times total while 
using his microprocessor knee and AMPRO II; 3 times 
with the intact leg striking the ground and 3 times with 
the prosthetic leg striking the ground. Initially the 
subject used the Genium microprocessor followed by 
13 practice sessions with AMPRO II with 1-3 days 
between each session. The process was repeated with 
GRF data collected while using AMPRO II. 

Data Analysis:  GRF information was used to compute 
SI between both limbs. SI was calculated as follows 

(Nigg, 2014): SI=
|𝑥𝐼−𝑥𝑃|

0,5(𝑥𝐼+𝑥𝑃)
, where 𝑥𝐼  is the GRF for the 

intact leg and 𝑥𝑃 is the GRF for the prosthetic leg. The 

closer the value is to zero, the more symmetric the 
gate.  

 

RESULTS 

 
 
 
Table 1: GRF SI and differences in maximum GRFs while 
using AMPRO II and participant’s microprocessor knee 

 MAX GRF (N/KG) 
DIFFERENCE 

GRF SI 

MICROPROCESSOR 1.91 11.51 

AMPRO II 0.6 17.13 
 

There were two peaks in GRF. The first peak is the 
loading response and the second is the push-off. Using 
AMPRO II caused a shift in the peak of the loading 
response. Peak forces, however, where closely 
matched while using AMPRO II. Using AMPRO II 
showed a reduced max GRF difference of 0.6 N/Kg and 
enhanced GRF SI of 17.13 compared to the difference 
of 1.91 N/Kg and SI of 11.51 using the Genium 
microprocessor knee and low profile triton foot. 
 

DISCUSSION 

A major problem of transfemoral amputees is the 
increased loading on their intact leg while walking. This 
study utilized a powered prosthetic to attempt to 
alleviate this problem. Even though the second GRF 
peak is slightly shifted, AMPRO II enhanced both the 
max GRF difference and GRF SI. Also, with AMPRO II, 
GRF matched the maximum load in the intact leg more 
closely to the normal healthy subject’s data. This is 
important due to the many issues this overloading 
causes long term. 

CONCLUSION 

Powered prosthetics, such as AMPRO II, could help 
reduce the over loading of the intact leg and enhance 
GRF symmetry, potentially reducing some of the 
problems that unilateral transfemoral amputees face.  

CLINICAL APPLICATIONS 

One part of training amputees to use powered devices 
could be observing how they distribute weight while 
walking. This along with observing kinematics could 
lead to improved training for use of powered 
prosthetics. 

REFERENCES 
1. Herbert LM et al. Physical Therapy 74, pp. 943-950, 1994.  
2. Martinez-Villalpando EC et al. the IEEE EMBS, 2011.  
3. Ku PX et al. Gait Posture, 39, pp 672-682, 2014 
4. R. Robinson et al. Mani Physiol. Ther.10, pp.172–176, 1987 

Fig. 2 GRF while using 
microprocessor knee 

Fig. 3 GRF while using 
AMPRO II 

Fig. 1 User wearing AMPRO II  

 


