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Numerous studies on new biofeedback devices conception development were U1hiL-rtaken. They are used for some compensation methods of the data lost on sensors set. Tf• Jim of the study was carried out for introducing several approaches of investigations and tl: st of the biofeedback device that support a plantar pressure analysis, for foot unloa din, �•rocesses implementation. The h�althy man is walking in normal conditions first; on a 11.dl ay. The recorded load on 6 sensors has to be reduced next in a speci.fied area. The pres ur, , as considered at the beginning on metatarsal head, intime of 100 steps. The visual and audiwry signais were then adjusted to a specific plantar pressure threshold setting. Peak and r-rc> s\t1re time integral were evaluated for each condition. The Results showed that the subject rformed 65% of success unloading steps. In the present case, the biofeedback device cr !hkd us to modify the plantar support to prevent possible foot complication. In general, B,DI :\1 .füack systems could show their interests in many applications: rehabilitation process, w •n or to assist active-assistive orthotic devices.
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). The recent progress was achieved for the development of the measuring conception, using force and pressure recording sensors, providing the user with biofeedback interfaces. Previous studies have demonstrated different methods to m plantar pressure (Pataky et al. 2000, Femery et al. 2004). Such systems use different se 1 as well as different acquisition systems, from the portable plantar pressure measu system we have developed. Our plantar biofeedback provides both visual and audio back in order to correct the plantar pressure distribution, when local pressure exc maximum determined threshold. These devices use a signal-warning system that may particularly appropriate to the patient's disease, when suffering from lost nocic, perception subsequent to metabolic diseases, infectious disorders or traumatic lesions.

2-Methods

2.1-Population

A 23-yr-old healthy man, weighing 80kg, without foot or gait abnormalities, took in this trial after providing written informed consent in accordance with a pro approved by an institutional review board.

Instrumentation

The whole biofeedback system is called B.I.R.D for Baro-Paedometric Informa Return Device.

Previous studies used FSR sensors which detect normal force acting on the s revealed a very simplified action of the foot on the sensor area whereas plantar ulm linked to normal and sheer stress (Pataky et al. 2000, Femery et al. 2004). The hyd from Paromed (Gmbh, Germany) consists of an inbuilt Wheatstone bridge, inserted a capsule filled with incompressible fluid, which results in a pressure from the dilîe1 components of the ground reaction force. This implies that the cells are sensîü mechanical stress which has three components, pressure acting normally on the s anterio-posterior and medio-lateral shear stress actingtangential to the surface. The revealed more realistic measures of pressure acting under the foot. The sensors are brated by the manufacturer and a calibration file is provided for each sensor. An i dual calibration for each sensor was performed to ensure that statements of the ab pressure at different regions of the foot could be substantiated. Our bench testing of the sensors confirm previous data (Femery et al. 2004, Chesnin et al. 2000) 

Customized Insole development

1he footscan plate b was used to detect the peak locations and to determine the sensor J1\tribution of a customized insole. Two insoles (right and left) were thus customized .:nmprising 6 Paromed hydrocells in each, distributed under the lateral heel (LH) and n1c•Jial heel (MH), metatarsal heads 5 (MS), 3 (M3), and 1 (Ml), and the Hallux. The 1nsi1les were connected to an amplifier and linked with a persona! computer via a tele merrically joined data recorder. The metrological process and its feedback were orga mSt:d for the biofeedback customised software package.

Visual and Auditory Feedback

! 11� feedback from this device is intended to eue the subjects to initiate a new walking i.i•• ,trategy. The visual feedback, which was returned to the subject through two control �rc:cns by video projection, consists of plantar footprint visualisation scenes that corres rond with localisation of the insole sensor setting (fig. 1). On the left of the plantar foot p: 'nl there is a scale of colours, from blue, green to red; illustrating pressure intensity at t;i(h of the sensors localisation point. A "scorer" was placed on the left sicl e of the foot p: m, informing the user about the performances considered. The peak plantar pressures 1• ,,r recorded during a diagnostic walking trail (PP dt ) performed at preferred walking �r1:cd. The peak pressures under each footprint location were then defined and serve as r'.krence. A 5% reduction in peak pressure would be sufficient to prevent foot ulcera uon , nits most affected area (Descatoire et al. 2007). This threshold level is considered a� PP CR max value. The 20% reduction in peak pressure, considered as PP CR min, enabled :.1. , 10 limit excessive relief resulting in dangerous plantar pressure redistribution lk;catoire et al. 2007). For the case study, the peak plantar thresholds (PP CR Max and PP M in) of the sensor located under the first metatarsal head (M 1) were determined as �• 1 c, and 20% reduction in plantar pressure recorded during "Diagnostic test ( dt)", .�,rtctively (i.e. PP CR Max = 0.95 PP dt and PP CR M in = 0.80PP dt ). The auditoryfeedback was 1:nplemented as an alarm trigger, combined with the visual feedback. It indicated the ltk,Ü pressure overload, at the selected area where the PP CR Max was noticed. On the lOnl. rary, only the visual feedback informed the subject when excessive relief occurred. ! nu, step-by-step, the subject concerned was informed of d y namic events at the foot )!l'ound interface, and remained aware of the overall foot condition. ration in neuropathie diabetic subjects (Lavery et al. 1997). The test enabled us to r, the peak plantar pressure in unloaded conditions over 100 (50 right and 50 left st consecutive steps.

Walking test

3-Results

Table 2 contains the results recorded during the diagnostic walking and the unloa processes. One step under BIRD condition was considered successful when the pressure value remained between PP CR Max and PP CR Min. If the peak pressure-, reco f "'"" Dvr<>ee;,,,, �n,l +1-.o �•�-.. 

5-Discussion

M:rent technologies have allowed us to modify and optimise existing biofeedback ,1•,tems, in order to develop some additional diagnostic devices and/or to develop new ,habilitation methods based on "on-line" detection of abnormal walking parameter Jues. In the present case, the subject bas relieved the first metatarsal with facilities (90% ,• the steps). Moreover, he performed 65% of success steps that would avoid dangerous , ,,antar pressure redistribution. Our visual and auditory biofeedback provides a warning wsrem that may play a valuable role in preventing injuries or ulceration by changing the , tlking pattern F l] Pataky Z, Paravel L., Da Silva J, Assai J. A new ambulatory foot pressure device for patients .,,th sensory impairment. A system for continuous measurement of plantar pressure and a feed . alarm. J Biomech. 2000;33:1135-8.
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  Figure 1 -B.I.R.D software interface: 65 Success Steps, 25 Moderate Steps, 10 Faulry St�ps.
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	Dimensions (mm)	
	Diameter	22
	Active sensing diameter	18
	Thickness	3
	lv'!easurement range	0 to 625 kPa
	Uncertaintv	
	Stability	

± 1% ± 2% (at 400 kPa, deviation ±_ .!, -
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hc non-disabled subjects performed the walking tests on a

m walkway. The subject l• JOoerned was equipped with the customised insoles inserted in neoprene shoes to matd1 the form of the insoles. After a brief explication of the device, the subject J!l' rformed the diagnostic walking test at his self selected walking speed. The plantar pr;-smres of more than 100 steps were recorded. Then the subject used the