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COPD is the third leading cause of death worldwide. Such pathologies require airway clearance methods implemented during CPT sessions. Monitoring breathing volumes during a session could provide better understanding these techniques, as well as the time tracking of obstructions. Spirometry and thoracic movement measurements are performed on healthy subjects thanks to a dedicated innovative device, in order to calculate FEV1/FVC% index. We compare the results obtained with the motion sensors with those of the spirometer using the Bland-Altman plot method. This measuring system will allow to monitor the evolution of the respiratory volumes during a CPT session.

Introduction

Chronic respiratory diseases are among the leading causes of death in the world: COPD, for example, is the third leading cause of death in the world today. Secreting respiratory diseases require respiratory clearance treatments practiced and taught by physiotherapists. The management of patients during CPT (Chest PhysioTherapy) sessions is always based on acoustic and haptic auscultation and on the general condition of the patient. This diagnostic phase provides the practitioners with a set of parameters enabling them to carry out an evaluation of the pulmonary congestion. Them adapt the techniques they use throughout the session according to the evolution of these parameters. However, the quality of these analysis and evaluation depends on their expertise.

Today, CPT methods are not totally widespread in the world, due to the difficulty to evaluate, define, describe and teach these techniques which do not give rise to consensus. Moreover, few studies of high rank are about bronchial cleaning manoeuvres. This is explained on the one hand by the difficulties to associate CPT for decongestion in private practice to standard clinical studies; and on the other hand, by the fact that there is no gold standard [START_REF] Cabillic | Manual airway clearance techniques in adults and adolescents: What level of evidence?[END_REF]. Indeed, the so-called reference techniques, such as spirometry or CT-Scan, each have their limitations in this context [START_REF] Dames | Airflow pattern complexity during resting breathing in patients with COPD: Effect of airway obstruction[END_REF].

It is therefore necessary for this field of care to propose an objective characterization of the bronchial cleaning techniques which will allow on the one hand the evaluation and the follow-up of the pulmonary congestion, and on the other hand the analysis of the practice. The measurement of thoracic movements allowing the reconstruction of a representative respiratory volume before, during and after a CPT session, partly answers to this problem. Moreover, the measurement of acoustic parameters, as well as the analysis of the professional practice via practitioner and patient questionnaires, are also essential to objectivate respiratory congestion: these elements will be collected in the clinical study that will be conducted later.

In this preliminary study, we focus on the validation of an innovative, non-invasive measurement system, dedicated to the analysis of the evolution of respiratory volumes, in particular during CPT manoeuvres. Currently, practitioners use spirometry to assess the respiratory health of patients, but this tool cannot be used during CPT manoeuvres, as spirometry measurements are performed in the mouth and with a nose clip.

The design, implementation and validation of this volume measurement system, named Sybille, required a symbiotic reflection with the practitioners, notably on the choice of placement of the thoracic displacement sensors and their holding.

The exploitation of the measurements proposes to compare the evolution of several thoracic volumes constructed from the points measured by the sensors with the results of spirometric measurements studying the FEV1/CVF% ratio (forced expiratory volume in one second/forced vital capacity). A validation by concordance following the Bland Altman method is presented [START_REF] Vesna | Understanding Bland Altman Analysis[END_REF].

Materials and methods

A. Positioning and holding of sensors

The Sybille device is a measurement system dedicated to the recording of acoustic respiratory parameters and thoracic movements designed and developed by the SYMME-USMB laboratory. The recording of thoracic movements is carried out using the 3D guidance trakSTAR TM device (NDI Ascension Technology) which allows the simultaneous measurement of 6 DOF-displacements at 8 points using 8 magnetic sensors. These sensors are attached to a neoprene waistcoat in order to limit the installation time of the sensors and to ensure an effective follow-up of the thoracic movements during CPT session. It is equipped with elastic straps to ensure that the sensors are held in place, while guaranteeing patient comfort and hygiene (Fig. 1). We have chosen to use magnetic sensors, as camera methods are not suitable because the physiotherapist will be between the patient and the cameras [START_REF] Sakamoto | A Non-contact Spirometer with Time-of-Flight Sensor for Assessment of Pulmonary Function[END_REF]. We study here three thoracic volumes, formed by 4, 6 and 8 points respectively, where the sensors are installed. The volume with 8 vertices is made up of the volume with 6 vertices and the volume with 4 vertices.

The positions of the points defining these volumes were selected to form the largest possible volume with the greatest breathing amplitude. The 8 points were chosen in close collaboration with the practitioners. A first point (S1), considered to be fixed with respect to respiratory movements, was chosen in the back along the spine just below the shoulder blades, and was considered to be a reference. A second sensor (S2), allowing the measurement of the piston movement of the sternum, is positioned approximately 2 centimetres below the carina of the trachea. Two sensors (S3 and S4) placed symmetrically with respect to the sagittal plane, on the bottom of the fixed ribs, in order to collect the jumping motion (Fig. 2). The S5 and S6 sensors enlarge the studied volume and increase the information about the pumping movement of the sternum. The sensors S7 and S8, placed in the back, enlarge the measured volume, and are placed on the ribs so that they also collect the movements of the rib jumping loop. The volumes are calculated from the coordinates of the points using the Convhull function of MatLab.

B. Methods

Spirometry measurements with a Pony FX -COSMED spirometer are performed simultaneously with the displacement measurements with the Sybille system. The subject is in a sitting position and is asked to perform 5 FVC manoeuvres, guided by a physiotherapist. The FEV1/FVC% ratio is considered by practitioners as an indicator of lung obstruction. The FEV1/FVC% ratio is calculated using the volume versus time curve recorded during the FVC manoeuvre by the software associated with the spirometer, and via Matlab for the three volumes studied from the displacement of the points measured on the thorax. These volumes are then compared using the Bland-Altman method [START_REF] Cabillic | Manual airway clearance techniques in adults and adolescents: What level of evidence?[END_REF]. This method allows an analysis of the coordination of two methods of measurement of the same quantity, and is particularly well suited to the problem of analysing the concordance of measurements of physiological parameters.

A preliminary study was carried out following the favourable opinion of the USMB ethics committee, on subjects considered as healthy (1F, 3H). The aim of this preliminary study is to validate the correlation of the thoracic volume measurements from the displacement measurements with the respiratory volumes measured at the mouth with the Pony FX -COSMED spirometer. 

Results

The results are reported in Table 1. The methods using 6 and 8-vertex volumes show a good agreement on FEV1/FVC ratio versus spirometric method. The 4-vertices volume is not selected for further analysis, because it shows a much poorer agreement with a higher standard deviation. The Bland-Altman plots comparing spirometric measurements versus 6-vertices and 8-vertices volumes are reported on Fig. 4 and Fig. 5 respectively. It should be noted that the bias for the 8-vertices volume shows an overestimation of the thoracic ratio compared to the 6-vertices volume.

For both analyses, subject 2 shows an underestimated thoracic FEV1/FVC ratio compared to FEV1/FVC spirometry. The other subjects show consistent FEV1/FVC ratios with both methods.

Discussions

Thoracic movements are a major part of breathing, as is the diaphragm displacement. The hypothesis put forward here is that for a healthy subject, thoracic mobility correlates with respiratory volume mobilization. The variation in results within individuals is due to test performance, fatigue during the test, a parameter that varies between individuals. But, the relative standard deviation is acceptable since always under 6.5%. The differences between the methods can be explained by the fact that some people may have breathing habits from certain practices such as playing a wind instrument or diving. Nevertheless, these preliminary measurements show that thoracic volumes are representative of the dynamics of breathing volumes for healthy subjects. In the forthcoming study involving patients with CPOD, the analysis of thoracic mobility will be doubly necessary, in the one hand to assess the decrease of thoracic mobility present in a proportion of patients, and on the other hand to monitor the respiratory manoeuvres used during the CPT session.
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