1

.6.2.03

Redistribution Orthoses for Metatarsalgia Treatment: Design Based on High
Resolution Pedobarography
Josd E.Lopezr, Josö M.Pere* and Carlos Orritel
Electronic Technology Area. Polytechnic Center, Zaragoza University
Maria de Luna 3, 50015 Zaragoza, Spain
Trurr-atology and Orthopaedic Surgery Area. Miguel Servet Hospital , Zaragoza

I

'

Abstract: This work describes a system for acquisition
and storage of static footprints and its application in the

METHOD

metatarsal head load studies. The system is based on an
electronic force platform with a resolution up to four
times higher than classical equipment which allows an
optimal differentiation between metatarsal heads and

description
A matrix of piezoresistive sensors is mounted over a flat
plate. The sensors are arranged as a matrix of 64x32
elements and there are four elements per c*' (aprox.).
Each sensor element is based on a piezoresistive effect, so
it behaves as an impedance and that makes easy the signal
conditioning and acquisition. Due to sensor technology,
pressure measurements are not very accurate. However,
adequate repeatability, high durability, high robustness and
affordable costs at high resolution are advantages that make
these sensors suitable for our application.
Signals from the matrix sensors, are multiplexed and
converted to digital format. More precisely, an 8-bits A/D

their loads.

Several studies, aimed to footprint pressure
distribution, have permitted the clinical validation of
the system. Here, an important application of this
system is presented as a tool in the designing and
assessment of in-shoe orthoses in order to achieve a
redistribution of high peak pressures under the
metatarsal heads.
INTRODUCTION

System

is used. This converter is embedded in a
I microcontroller from Motorola with a
conversion time less than 20ps. The acquired
converter

MC6SHCI

Many different methods have been used to measure the
pressure distribution under the foot. In addition, most
authors agree to the necessity of methods for recording
pressures in any footprint point, since these methods allow
a better quantification of different foot load patterns ll,2).
Technological advances in electronic pedobaroraphy
have demonstrated the clinical usefulness of these methods

in the knowledge of pressure distributions, and hence, an
of the mechanical behaviour

advance in the interpretation

of foot [3].
Our interest is focused on metatarsal head pressure
distribution studies. For this purpose, a prototype of static
force platform with discrete sensors was developed. The
main forte is its high resolution of 4 sensors/cm2 and
consequently the discrimination capability.
Since the construction of the system, some studies have
been carried out, and more than 1000 footprints have been
recorded. This clinical validation has permiffed several

biomechanical studies about forefoot load distribution [4].
Specifically, this paper describes a study of metatarsal head
loads and its redistribution by means of a set of small
sights.

The discrimination of pressure under metatarsal heads
by means of the high resolution electronic pedobarography,
allows to the clinicians the designing and assessment of
orthoses in an efficient way. These orthoses are addressed
to the metatarsalgia treatment, achieving an equilibrium of
the forefoot load [5].

measurements are stored

in a RAM memory where an

average is computed so the signal to noise ratio is
improved. The processed data are sent to a compatible PC
via RS232 for further analysis [6].
The software displays the pressure measurements. A set
of operations help clinicians in the assessment of several
biomechanical foot parameters: pressure points histogram,
pressure centre location, estimated foot load, load
distribution between forefoot and heel, etc. Finally, a
section across forefoot shows peak pressures reached by
each metatarsal head and their relative loads.

Clinical study

A total of thirty patients with metatarsalgia were
2l female, aged 23 to 62. A clinical

selected, 9 male and

examination was carried out on all of them, getting the
classical fooprint in normal podoscope platform. An X-ray

study under load

in

order

to

calculate the metatarsal

formula and the Costa-Bertani angle was also performed.
A previous record in barefoot standing position was
acquired and each metatarsal head was re-equilibrated,
according to is load, by means of a set of orthopaedic
sigha (thickness of I mm., 2 mm. and 3 mm.). A few trials
with different orthopaedic sights and records were repeated
until the metatarsal load redistribution was reached.
For each fooprint the following data, given by the
system, were annotated: pressure points histogram, pressure
centre location, foot load estimation, forefoot-heel load
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distribution and metatarsal head load percentages. Data
collected were stored in a database, and the well known
SPSS soffware assisted the statistical processing. In order to
compare metatarsal loads in each group, both before (A)
and after (B) orthoses application, the Friedman test was
used, and for a better comparison between groups a
Wilcoxon test was also applied.

revealed significant differences for M3 (the highest), M4
and M5 when orthopaedic sights are used. Significant
differences appeared neither under Ml nor for M2.
SD Interval of Metatarsal Head Loads

o
ö0
ö
o

RESULTS

B.
€

Footprints were normal in23 subjects, 2 were cavus feet
and 5 flatfoot. The Costa-Bertani angle was 12.62 in mean

J)

and

it

varied between I 19 and 138.

In relation to

the

metatarsal formula, the results were as follows: 20 samples
index plus minus, 36 index minus and 4 index plus.
Forefoot and rearfoot loads reported by the system are
shown in Table I. In relation to the ortheses appliction, a
mean of 5.1 trials were necessary for metatarsal load
correction. with a maximum of 9 and a minimum of 2.

Previous Register (A)
Forefoot
Rearfoot

35

Corrected Register (B)

0Ä

44.7
55.3 %

40.6 %
59.4 %

Table I. Load distribution under forefoot and rearfoot both
before and after orthoses application

The improvement the system brings is qualitatively
described by the patients' sensations of discharge under
their metatarsal heads otherwise with increased pressures.
Moreover, a quantitative and accurate measurement of this
improvement can be obtained through pressure record
when reequilibration is achieved, as illustrated in Figure 1.
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MI
M2 M3 M4 M5
Corrected Register .....a.....Previous Register
Fig.2 Metatarsal load intervals
CONCLUSIONS

The present work confirms the metatarsal head load
redistribution concept as one of the most efficient methods
in the metatarsalgia treatment.
In addition, the pressure acquisition hardware as well
as the software provided by the system, constitute an useful
tool in foot disease diagnosis and also in the quantification
of treatments or progress monitoring.
The presented technique, based on small orthopaedic
sights, could be easily transferred to the orthoses design
strengthen the contribution of the high resolution
pedobarography.
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