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Abstract – The Akita Heel Sensor System (AHSS) is a 
functional electrical stimulation (FES) device for the 
correction of dropped foot, which is caused by upper 
motor neuron injury. In this study, dropped feet in six 
hemiplegic patients were treated by the AHSS. The 
walking speeds were 0.81 ± 0.02 m/s (mean ± SD) of the  
non-AHSS assisted gait and 0.93 ± 0.03 m/s of the AHSS 
assisted gait, respectively. The mean percent change in 
walking speed was 14.8%. The step cadences were 22.7 ± 
0.8 steps of the non-AHSS assisted gait and 20.5 ± 0.7 
steps of the AHSS assisted gait. The AHSS produced 
statistically significant improvement in the correction of 
the dropping foot (p < 0.05). The main problems of this 
device were the durability of both  the heel sensor and the 
long electric wire that connects the heel sensor and the 
device. The next generation's device needs to include a 
new sensor and a more compact sensor-to-stimulator 
constitution. 
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1. Introduction 
 

From the report of Liberson in the 1960s [1], 
functional electrical stimulation (FES) has been used for 
the correction of dropped foot after the occurrence of an 
upper motor neuron disease, such as a stroke [2,3,4]. For 
the correction of dropped foot, the common peroneal 
nerve was electrically stimulated through superficial skin 
electrodes [4] or surgically implanted electrodes [2,3]. 
The skin surface electrodes are convenient to use. 
However, when skin electrodes are used there is the 
problem of repeated difficulty in locating the correct 
points for stimulation. As well, some patients experience 
physical discomfort from the stimuli [2]. 
 The Akita Heel Sensor System (AHSS) is an FES 
device for the correction of dropped foot [5]. The purpose 
of this study was to evaluate the improvement of gait 
ability in hemiplegic patients using the AHSS. 

2. Subjects and Methods 
 

The AHSS consists of a compact 3-channel stimulator, 
a heel sensor switch and surgically implanted 
percutaneous intramusclar electrodes (Fig. A). The 
stimulator, kept in a pocket or worn on the belt, is housed 
in a box measuring 75 × 50 × 30 mm and powered by a 9 
volt battery. It generates a negative, monophasic, square 
output waveform with a maximum stimulation amplitude 
of -6V, with a 0.2msec pulse duration and a frequency of 
20Hz. Electrical stimulation is applied by means of 
percutaneous intramuscular electrodes which are 
surgically implanted around the common peroneal nerve, 
and sometimes implanted to the motor point of the tibialis 
anterior muscle and the peroneal muscle. The stimulator's 
output is triggered by the heel sensor attached on the sole 
of a small plastic heel brace (Fig. B). Stimulation is 
triggered by the heel rise on the affected site and 
continues until the heel strike is detected through the heel 
sensor. 

 

Fig. A. Equipment for the AHSS 
a) 3-ch. Stimulator 
b) heel sensor 
c) connector for electrodes 
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Six hemiplegic patients in chronic stages participated 

in this study. The AHSS training procedure was 
implemented as in the following description. First, 
electrodes were implanted percutaneously while the 
patients were under local or general anesthesia. 
Therapeutic electrical stimulation (TES) was started 2 
weeks after implantation to allow time for the tissues to 
heal. Gait exercise, using the AHSS, was started after a 
few weeks of the TES training. In this study, all patients 
had already complete the AHSS assisted gait training over 
a 6 month period. 

For the assessment, the walking speeds and the step 
cadences of the AHSS assisted gait using a 10m course 
were measured and compared with the non-AHSS assisted 
gait (without any braces). 

  

3. Results  
  
 The walking speeds were 0.81± 0.02 m/s (mean ± SD) 
of the non-AHSS assisted gait and 0.93 ± 0.03 m/s of the 
AHSS assisted gait, respectively. The mean percent 
change in walking speed was 14.8%. The walking speed 
was significantly greater with the AHSS assisted gait (P < 
0.05). 
 The step cadences were 22.7 ± 0.8 steps of the non-
AHSS assisted gait and 20.5 ± 0.7 steps of the AHSS 
assisted gait. The step cadence was significantly smaller 
with the AHSS assisted gait (p < 0.05). 
 
4. Discussion 
 
 The AHSS produced statistically significant 
improvement in the correction of the dropped foot in 
hemiplegic patients. All patients were able to walk faster 
and longer with the AHSS assisted gait than with the non-
AHSS assisted gait. 
 There are some advantages with this device. 
Percutaneous intramuscular electrodes which are 

implanted directly around the common peroneal nerve can 
provide a consistent muscular response to stimulation, and 
eliminate pain by reducing the amount of current required 
[2,3]. The heel sensor attached on the sole of the compact 
plastic heel brace is easy for daily use, especially in Japan 
[5]. Hemiplegic patients sometimes need to sit straight on 
a tatami floor without shoes in Japanese style houses. For 
these patients, sitting straight on a tatami floor is 
impossible when wearing the short leg brace. The current 
FES devices which use the heel switch that is clipped to 
the side of the shoe sole are also hard to use in Japanese 
style houses. The AHSS could provide more comfortable 
fitting for Japanese hemiplagic patients. 
 There are some points for further improvement in the 
AHSS. The main problems of the device are the durability 
of the heel sensor and the long electric wire that connect 
the heel sensor and the stimulator. The device of the next 
generation may include a new sensor that detects the gait 
cycle precisely and a more compact sensor-to-stimulator 
constitution. 
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Fig. B. Heel brace. The heel sensor 
is attached on the sole (arrow). 


