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INTRODUCTION 

Body-powered prostheses are still the standard in 
upper limb prosthetic care (Salem, 2013), however, 
limited research exists to improve or validate current 
body-powered upper limb prosthetic training methods. 
Rehabilitation programs for upper extremity amputees 
often stress training to perform ADLs single handed, 
in order to minimize use of the amputated side 
(Smurr, 2008), which may contribute to the high 
rejection rates of upper limb prostheses (Smit, 2014).    

Visual feedback-based training has been found to 
improve grip force control in non-amputees with head 
injury (Kurillo, 2005). We hypothesized that 
participants exposed to force target feedback-based 
training would exhibit better grip force control using a 
body-powered prostheses than those exposed to 
training without feedback.  

METHOD 

Two male and two female subjects, aged 23-26 years, 
with normal ROM/MMT, participated in this study. 
Subjects were fit with a mock transradial prosthesis 
with a voluntary closing (VC) terminal device, and 
divided into two groups: one receiving feedback-
based (FB) training and the other given traditional 
occupational therapy modeled non-feedback (NFB) 
training. Five training sessions were provided for each 
group. 

Three types of tests were administered to both 
groups: number of blocks transferred in one minute in 
a box and blocks test (BBT), time taken to complete a 
nine-hole peg test (NHPT), and ability to track a set of 
five grip force targets on a computer screen.  A root 
means square error (RMSE) value represented the 
difference between the target and force provided by 
the subject. A baseline test, mid-test, exit-test and 
retention fallout test were administered.   

Statistical analysis analyzed percent change between 
baseline, exit, and fallout testing for each test 
parameter.  A two-way ANOVA was performed on the 
data between the two groups using an alpha level of 
p<0.05 for significance.  

RESULTS 

The greatest changes in RMSE occurred for sine 
wave force tracking.  Sine offset force tracking 
produced the smallest change in RMSE.  The FB 
group was observed to have a greater percent 
change in 4 out of 5 force tasks (table 1). Significant 
difference in change in RMSE was noted only for the 
sine force tracking task (table 1). Percent changes in 
score for BBT and NHPT were noted to be greater for 
FB group, compared to NFB group, although these 
findings were not significant (figure 1). 

Subjects from both groups reported maintaining grip 
force and matching targets as more difficult than BBT 
and NHPT. Feedback on prosthetic design reflected 
poor satisfaction with weight, comfort, and function. 

 

 

DISCUSSION 

A significant difference was observed in only 1 testing 
parameter, suggesting that there does not appear to 
be a significant difference between FB and NFB 
groups.  However, overall a greater trend toward 
improvement in the FB group was observed.  This 
follows results obtained in the assessment of 
feedback training for grip force control in subjects with 
brain damage (Kriz, 1995).  It is believed that with a 
greater number of subjects, and incorporation of a 
control group, significant results may be obtained. 

CONCLUSION 

There does not appear to be a significant difference 
between grip force control in FB and NFB subjects.  
Further study is required to determine whether 
feedback training is a viable upper limb prosthetic 
training method. 
CLINICAL APPLICATIONS 

Determining the validity of feedback training in 
improving grip force control in amputees will provide 
potential for better prosthetic control and easier 
completion of ADLs. 
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 FB NFB P value 

Sine 61.285 47.70 0.0404 

Sine offset 34.61 6.39 0.4434 

Square 43.30 28.54 0.5306 

Square offset 19.54 14.54 0.8059 

Step 20.34 29.11 0.9026 

Table 1. Average change in RMSE by percent, and p 
value for FB and NFB groups 

0

20

40

60

80

100

BBT SS NHPT PS NHPT

FB

NFB

 
Figure 1. Percent change in outcomes measure score for FB 
and NFB groups.  Note: SS indicates sound side, PS 
indicates prosthetic side 
 


