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Introduction

Gait disorders are common features in neurological diseases and also constitute a marker of frailty in the elderly [START_REF] Studenski | Gait Speed and Survival in Older Adults[END_REF][START_REF] Ambrose | Falls and Fractures: A systematic approach to screening and prevention[END_REF]. To allow appropriate care, assessment of a gait disorder requires objective, quantifiable, reliable data [START_REF] Allart | Sustained-released fampridine in multiple sclerosis: effects on gait parameters, arm function, fatigue, and quality of life[END_REF].

Nowadays, it is possible to use three-dimensional motion analysis systems or electronic pressure-sensitive mats for gait analysis. However, the systems have drawbacks; their use is limited to a laboratory environment, and the fact that the patient is aware of the recording period might induce measurement bias. Measuring gait parameters in a more ecological way (for example in home or street environments) brings additional clues on walking performances in daily living.

In-shoe transducers (footswitches) constitute an alternative to lab-based measurement. These are on-board systems packaged as either complete, multisensor insoles or individual sensors placed under each foot. Each type of device has a variable number of sensors. Contrary to the SMTEC® footswitch system (Sport & Medical Technologies SA, Nyon, Switzerland) [START_REF] Beauchet | Concurrent validity of SMTEC® footswitches system for the measurement of temporal gait parameters[END_REF], the validity of the 4-sensor ZeroWire® footswitch system (Aurion Srl, Milan, Italy) had not previously been evaluated.

Hence, the objective of this study was to determine the concurrent validity of the ZeroWire® system (vs. the GAITRite ® mat from CIR Systems Inc., NJ) for measuring temporal gait parameters in healthy participants.

Methods

Participants

Forty healthy adults (23 women (57%); mean ± standard deviation (SD) age: 30.6±8, mean BMI = 22.1±2.3kg/m 2 ) were included. Individual characteristics of each subject can be found in Appendix A. All participants gave their written consent to participation. The study was approved by the local investigational review board and was conducted in accordance with the principles of the Declaration of Helsinki.

Experimental devices

The ZeroWire® footswitch system comprises a total of four piezo-resistive pressure sensors under each foot. The trigger threshold was kept to the default setting (20% of maximum pressure). The recorded signal was binary (0 = no contact, 1 = contact), with a time resolution of 0.4ms. The four sensors were placed at the heel, at the heads of the 1 st and 5 th metatarsal bones, and under the distal phalanx of the hallux.

The GAITRite® system is an electronic walkway with resistive sensors that record the relative pressures under each foot. It has a spatial resolution of 1.27cm and a sampling frequency of 240Hz (i.e. a time resolution of 4ms). It has shown good validity (concurrent validity and reliability) and thus served as a gold-standard measure [START_REF] Bilney | Concurrent related validity of the GAITRite walkway system for quantification of the spatial and temporal parameters of gait[END_REF][START_REF] Van Uden | Test-retest reliability of temporal and spatial gait characteristics measured with an instrumented walkway system (GAITRite®)[END_REF].

Experimental procedure

Participants were asked to walk at three speeds: (i) a slow speed cued by a metronome (60 steps/min, corresponding to the usual cadence of hemiplegic patients [START_REF] Balaban | Gait Disturbances in Patients With Stroke[END_REF]), (ii) a comfortable speed, and (iii) the highest possible (maximum) walking speed (without running). For each speed, four 10-meter walks were recorded and then averaged. Participants started 1.5 meters before the edge of the GAITRite® walkway and stopped 1.5m afterwards, in order to avoid bias induced by acceleration and deceleration. The data generated by the GAITRite® walkway and the ZeroWire® footswitch system were recorded simultaneously. Recording began and stopped automatically for the Gaitrite, respectively at the first and last step on the mat. For the footswitches, the evaluator manually began and stopped the recording on the computer respectively just before the first and after the last step on the mat. Posttreatments to obtain the different gait parameters were done with the software of each system.

The temporal parameters recorded for each gait cycle were gait cadence and for both sides stride time, step time, swing time, stance time, and single-and doublesupport times. All data were expressed in milliseconds, except gait cadence (steps/min).

Statistical analysis

The quantitative data were expressed as the mean ± standard deviation. To assess the level of agreement between the two systems, we first calculated the intraclass correlation coefficients (ICC) using a two-factor mixed model with "absolute agreement" [START_REF] Fermanian | Validation of assessment scales in physical medicine and rehabilitation: how are psychometric properties determined?[END_REF]. A coefficient value of 0.30 or less indicates no agreement, a value of 0.31 or greater and 0.50 or less reflects fair agreement, a value of 0.51 or greater and 0.70 or less indicates moderate agreement, a value of 0.71 or greater and 0.90 or less indicates substantial agreement, and a value of 0.91 or greater indicates very good agreement [START_REF] Fermanian | Validation of assessment scales in physical medicine and rehabilitation: how are psychometric properties determined?[END_REF][START_REF] Shrout | Intraclass correlations: uses in assessing rater reliability[END_REF][START_REF] Landis | The measurement of observer agreement for categorical data[END_REF]. Secondly, we performed a graphical analysis using the Bland and Altman method [START_REF] Bland | Statistical methods for assessing agreement between two methods of clinical measurement[END_REF]. Lastly, we computed the coefficient of variation (CV), i.e. the ratio of the standard deviation to the mean, to study the accuracy of each test.

All statistical analyses were performed using SPSS software (version 22, IBM Corp., Armonk, NY).

Results

The cadence of 60 steps/min was respected by the subjects at minimal speed (Figure 1). For walking at comfortable and maximum speed, mean cadence was respectively 107.9±6.8 and 141.0±15.8 steps/min (Figure 1). Analysis of the ICCs showed a moderate to very good agreement between the data recorded by each system (Table 1). Among the 39 temporal parameters recorded ((gait cadence + 6 lateralized parameters for each gait speed), the agreement was very good (≥ 0.91) for 21 (53.9%), substantial (≥ 0.71) for 8 (20.5%) and moderate (≥ 0.51) for 10 (25.6)%. The greatest level of agreement was seen at the maximum gait speed (0.76 ≤ ICC ≤ 0.99), whereas the lowest level of agreement was seen at the comfortable speed (0.51 ≤ ICC ≤ 0.99). Independently of gait speed, gait cadence, stride time, step time and stance time had the highest level of agreement (0.86 ≤ ICC ≤ 0.99), whereas single-and double-support times had the lowest (0.51 ≤ ICC ≤ 0.79).

The Bland and Altman plot for each of the three gait speeds was drawn by pooling the data for all the temporal parameters (except gait cadence which is expressed in a different unit) (Figure 2). The mean bias remained small related to the gait parameters' time scale (4.6ms at slow speed, 8ms at comfortable speed and 4.6ms at maximum speed). Overall, the observations were suitably dispersed within the confidence interval of the mean difference between the two measurement systems, since only 4.7, 4.1 and 4.3% of observations were out of the bounds of the confidence interval of the mean difference at respectively slow, comfortable and maximum speed. There were no systematic trends, that is no measurement error dependent of the level of the parameter assessed.

According to the CVs, the two systems had similar levels of accuracy (Table 2). For both systems, the accuracy was lower (i.e. the CV was higher) at the maximum speed and for the double-support time.

Discussion

This study is the first to have assessed the concurrent validity of the ZeroWire® footswitch system. The system was valid at all three gait speeds. The highest levels of agreement were observed for gait velocity, cadence, stride time, step time, and stance time. The bias between the ZeroWire® and GAITRite® systems was low relative to the gait parameters' time scale.

As in the study of the SMTEC® footswitch system [START_REF] Beauchet | Concurrent validity of SMTEC® footswitches system for the measurement of temporal gait parameters[END_REF], we found a high level of agreement between the Gaitrite and the Zerowire system for stride and step times and broader limits of agreement at comfortable and slow speeds. Relative to the SMTEC system, we found a better level of agreement for the stance time; this might be due to greater number of sensors in the ZeroWire® system, allowing a more accurate determination of heel strike and toe-off. The moderate levels of agreement for swing time and single-and double-support times observed with the ZeroWire® has been also showed with the GAITRite® [START_REF] Van Uden | Test-retest reliability of temporal and spatial gait characteristics measured with an instrumented walkway system (GAITRite®)[END_REF]; it may be not specific of the footswitches and may be due to the sensors' mechanical properties. Indeed, an inertia phenomenon can create a virtual time delay between foot-off and its recording by the sensors, more obvious in parameters which have the smallest duration.

Secondly, we compared the accuracy of each system, that is an intra-device parameter studying how close the mean value of a variable is to the true value. It is noteworthy to note that both assessments showed similar values, with a lower accuracy for double stance time which is also the parameter with the shortest duration. The higher level of variability at slow speed may be due to the fact that we imposed a gait cadence. Indeed, gait at an imposed cadence can be likened to a dual task that particularly involves the primary and supplementary motor areas [START_REF] Kurz | Stride-time variability and sensorimotor cortical activation during walking[END_REF].

All taken together, no parameter showed a null or fair degree of agreement (either assessed by ICCs or with the graphical method), and no inter-devices difference were observed in CVs, indicating that the ZeroWire® system has a good concurrent validity vs the GAITRite to assess gait temporal parameters. Double support time assessment seems to be less accurate but it was observed with both tools. In a clinical point of view, it is noteworthy that the parameters found here to have the highest validity are of great value in the description of gait impairments [START_REF] Balaban | Gait Disturbances in Patients With Stroke[END_REF][START_REF] Gastaldi | Effects of botulinum neurotoxin on spatio-temporal gait parameters of patients with chronic stroke: a prospective open-label study[END_REF][START_REF] Marques | Applying different mathematical variability methods to identify older fallers and non-fallers using gait variability data[END_REF]. The use of footswitches makes it possible to assess patients in a more ecological way -possibly outdoors or in their usual home environment -and to measure the impact of dual-tasking (particularly cognitive-motor interactions) on gait parameters. Other wearable systems have been developed (such as those based on inertial sensors) but their validity in non-healthy people is subject to debate [START_REF] Caldas | A systematic review of gait analysis methods based on inertial sensors and adaptive algorithms[END_REF].

Our study had a notable limitation; we only evaluated healthy participants, i.e. people with no foot deformities. In the future, it will be necessary to assess the reliability of the ZeroWire® system in a population of patients with various neurological disease. In addition, although the 2 systems showed good agreement, data from both systems must not be mixed in the same study since there is no guarantee that they will produce strictly identical measures.

Conclusion

The ZeroWire® footswitch system showed good concurrent validity for the evaluation of temporal gait parameters in healthy adults. It is likely to be well suited to the assessment of gait parameters under ecological conditions or in dual-task gait paradigms due to its portability. 
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 12 Figure 1. Gait cadence across the 3 different conditions of speed, recorded by the GAITRite: Mean ± SD (A) and individual values (B)
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Table 1 -

 1 Intraclass correlation coefficients for each gait parameter and each speed

	ICC

Table 2 -

 2 Coefficients of variation (%) for each time parameter and each speed

					CV (%)		
		Slow		Comfortable		Fastest
		GaitRite® ZeroWire® GaitRite® ZeroWire® GaitRite® ZeroWire®
	Gait cadence	7.5	7.3	6.3	6.3	11.2	11.4
	Right						
	Stride time	6.2	6.1	6.3	6.2	10.7	10.6
	Step time	6.9	6.3	6.0	6.0	10.5	10.8
	Stance time	8.5	8.8	7.4	7.78	11.8	12.0
	Single-	7.5	8.8	6.4	6.13	10.3	10.0
	support time						
	Double-	24.8	22.6	16.5	16.68	22.2	23.1
	support time						
	Swing time	6.1	9.3	5.6	5.1	9.3	9.2
	Left						
	Stride time	6.1	6.2	6.2	6.1	10.7	10.8
	Step time	6.5	6.5	6.6	6.5	10.7	10.8
	Stance time	10.4	8.7	7.3	7.8	11.9	11.5
	Single-	8.3	9.3	5.6	5.2	9.4	9.2
	support time						
	Double-	24.5	22.3	15.8	16.6	25.4	22.8
	support time						
	Swing time	7.5	8.8	6.4	6.1	10.4	10.0