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Proper control of gait is a problem for some indi
viduals who have had insults to the CNS. After 
attaining proper balance and hip control—requisites 
for walking—these persons may still have gait abnor
malities. Failure to achieve a normal pattern of foot 
placement (that is, sequential placement of the heel, 
ball, and big toe) is one such abnormality. Typically, 
either the heel or big toe phase of foot placement is 
missed. These abnormalities can cause awkward gait 
patterns characterized by resultant muscle imbalances 
or extraneous compensatory movements. Correction 
to a more normal foot placement pattern is, therefore, 
a desirable goal for therapeutic exercise programs 
designed for ambulatory, motor impaired individuals 
who have foot placement abnormalities. This article 
describes a portable device used to assist individuals 

Fig. 1. Voltage divider to physiograph. 

in achieving proper foot placement through the use 
of augmented audio feedback (AFB) during walking. 

Recently the Krusen Center for Research and En
gineering, Philadelphia, PA, developed an auditory 
monitoring system similar to ours that recorded dif
ferential weight bearing through the use of a device 
implanted in a shoe insole (Personal communication, 
DR Taylor, Jr, PhD, May 1980). Our system differs 
from theirs by responding to the sequence of weight 
distribution characterized in gait patterning; theirs 
recorded only change in absolute limb load. Until 
this present design, most clinical apparatus designed 
to monitor foot placement patterning in gait through 
AFB has been cumbersome and immovable and has 
required the patient to practice gait patterns in a fixed 
location on a metal walkway.1,2 Major advantages of 
the present equipment design are portability, light 
weight, and potential application in varied ambula
tory and balance tasks. The AFB system described 
herein consists of a sequential contact system (SCS) 
developed by Windell and Kindig2 plus an auditory 
tone generator. Output from the system provides 
signals for generating permanent records of the foot 
placement pattern through a physiograph or for gen
erating AFB during ambulation. The rationale for 
using AFB as a corrective technique was based upon 
previously successful use of AFB in a number of 
clinical applications including foot drop.1,3-5 

The SCS used to measure and provide feedback to 
subjects about the pattern of footfall during walking 
has four fundamental components: 1) a differential 
voltage circuit with output of three voltage levels; 2) 
wire contacts attached to the heel, ball, and large toe 
of one foot; 3) wire leads from the foot contacts to the 
differential circuit, plus a ground wire; and 4) a 28-ft 
by 2-ft* metal walkway that, with the ground and 
foot contact wires, completes the circuit when either 
the ball, heel, or big toe makes contact.2 

Our apparatus is a three-way modification of the 
SCS for portable use. The first modification is the 
attachment of wire contacts to elastic straps that slip 
around the foot to keep the contacts in place. Sec
ondly, an additional differential voltage circuit that 
operates a battery-powered, five-tone audio signal 
generator is included. This additional circuit provides 

Ms. Warshal is a graduate student in the Department of Phys
ical and Health Education, Neuromotor Control, College of Edu
cation, The University of Texas at Austin, Austin, TX 78712 (USA). 

Dr. Jacobs is Director, Austin Developmental and Therapy 
Clinic, 4211 Medical Parkway, Suite A, Austin, TX 78756. 

Dr. Lee is a postgraduate fellow, Department of Cognitive 
Science, University of California at San Diego, San Diego, CA 
92111. 

Mr. Garcia is an undergraduate student in the Department of 
Electrical Engineering, University of Texas at Austin, Austin, TX 
78712. 

This study was supported in part by a grant from the Bureau of 
Education for the Handicapped (Office of Education) 
#G007801892. 

Requests for reprints should be made to Ms. Warshal at The 
University of Texas at Austin, Department of Physical and Health 
Education, Austin, TX 78712. 

This article was submitted October 14, 1980, and accepted 
March 14, 1981. * 1 foot = .305 meters. 

1454 PHYSICAL THERAPY 



AFB when the volume control is turned on. Third, 
the foot apparatus includes a contact wire, thus elim
inating the need for a walkway. This contact wire 
permits use of the device in a number of activities not 
possible with the stationary design, such as treadmill 
walking or maneuvering in a changing environment. 

The differential voltage output can be used for 
permanent recording of a subject's foot placement 
pattern, immediate auditory feedback, or both, si
multaneously. For recording, the voltage signals from 
one circuit can be preamplified and fed through one 
channel of a Physiograph 6 amplifier/recorder sys-
tem†; each voltage level (in other words, each separate 
contact location) is then recorded on paper with a 
different amplitude deflection of the pen writer. Slight 
voltage changes associated with simultaneous contact 
of two or more leads also occur, but are less distinct. 
The output of the tone generator circuit can simulta
neously provide subjects with immediate auditory 
information about which part of their foot is in 
contact with the ground and the proper sequencing 
of gait pattern. The AFB device can be turned off 
when feedback is not desired. 

Description 

In order to construct a portable feedback system 
capable of discriminating the pattern of footfall dur
ing walking with both auditory and visual assessment, 
the following necessities were determined 
1) a "sound box" that produces one different note for 

each of the five parts of the step (heel; heel and 
ball; heel, ball, and big toe; ball and big toe; big 
toe). 

2) a circuit connecting the system to the "sound box" 
and to a physiograph for simultaneous auditory 
feedback and physiographic recordings. 

3) an on-off switch to allow recording on the physio
graph without auditory feedback, as well as the 
reverse, without disconnecting the foot apparatus. 

4) a voltage divider in the physiograph able to provide 
five distinct voltage levels. 

5) one set of connections for each foot providing 
contacts to operate the AFB system without the 
metal walkway. These connections should be light, 
thin, and comfortable enough to walk on. 

6) a wiring system free of any excess wires that might 
become tangled and limit movement range and 
potential. 

7) wiring that is flexible and strong. 
The resistor placement that yielded the best results 

is shown in Figure 1. The voltage source comes from 
a 9-V battery attached to a voltage divider. The 
purpose of this low voltage is to keep the initial 
voltage in the physiograph small in comparison to the 
differences in the voltages generated in the gait task. 

Fig. 2. Voltage divider in sound box. 

The sound box (Fig. 2) is designed to give variable 
resistances in series, with 3.9 kΩ resulting in a new 
note for each of the five combinations of the step. 
With the heel down, a 6.6 kΩ resistor is in series with 
3.9 kΩ; with the ball of the foot down as well as the 
heel, a 6.0 kΩ resistor is in series; and when all three 
critical parts of the foot touch the floor, a 4.5 kΩ 
resistor is in series. As the heel lifts off of the floor, a 
5.5 kΩ resistor is in series, and with just the toe down, 
a 7.8 kΩ resistor is in series. As the resistance goes 
down, the pitch of the note goes up, and as the 
resistance increases, the audio notes go down. One 
problem was encountered when these values were 
used for the resistors: the resistance of the sound box 
was greater than that of the physiograph. This pre
vented current from passing into the sound box to 
produce the tones. Therefore, it was necessary to 
increase the total resistance from the resistors going 
into the physiograph to the values shown in Figure 2. 

Strips of flexible plastic wrapped with copper tape 
for conduction purposes are used for connections, 
and these are attached to the bottom of the subject's 
normal walking shoe, or to any similar type of com
fortable athletic shoe. These strips (Fig. 3) have thin 
(3-mm) slices of rubber weather stripping between 
them to keep them apart when no pressure is exerted 
and to separate them after pressure is removed. 

An additional piece of plastic is applied to the floor 
side of the connections to ensure a contact area. The 
connection for the big toe is 4 cm by 1 cm, the 
connection for the ball of the foot is 9 cm by 1 cm, 
and the connection for the heel is 7 cm by 1 cm. In 
addition, an elastic strip provides a pocket for each 
"sandwich." This addition provides protection and a 
place to strap the connection to the shoe. Velcro is 

Fig. 3. Side view of connection strips. † Hewlett-Packard Corp, 171 Wyman St, Waltham, MA 02154. 
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Fig. 4a. Bottom view of placement of connections. Fig. 4b. Wiring (common is on right side). 

Fig. 5. Overall view of system. 

used for the strapping material. The connections are 
placed at the bottom of the shoe as shown in Figure 
4a. Figure 4b shows the manner in which the wire 
attaches and wraps around the foot. 

When written records are desired, a telephone cord 
with four internal, insulated wires is attached from 
the physiograph to the sound box to permit freedom 
in walking direction and distance while eliminating 
excess wires. A five-connection plug onto the shoe 
device provides an easy way to switch assessment 
from one foot to the other. Figure 5 shows an overall 
view of the entire system. 
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