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Material and methods 

Operational chest wall volume measurements

   Eighty-nine reflecting markers were placed in front and back over the trunk from the clavicles to the anterior superior iliac spines along predefined vertical and horizontal lines.

   To measure the Vcw compartments from the surface markers, we defined the following: (i) confirmed by percussion at end-expiration in sitting position, the diaphragm border in the mid clavicular line was always below the anterior end of the seventh rib, (ii) the boundaries of the upper rib cage (RCp) as extending from the clavicles to a line extending transversely around the thorax  corresponding to the top of the area of the apposition of the diaphragm to the rib cage; (iii) the boundaries of lower rib cage (RCa) as extending from this line to the lower costal margin anteriorly, and to the level of the lowest point of the lower costal margin posteriorly, and (iv) the boundaries of the abdomen as extending caudally from the lower RC to a horizontal line at the level of the anterior superior iliac spine. 

The coordinates of the landmarks were measured with a system configuration of six infrared television cameras, three placed 4 m behind and three placed 4 m in front of the subject at a sampling rate of 60 Hz [E1]. Starting from these coordinates, the Vcw was computed by triangulating the surface and then using Gauss’s theorem to convert the volume integral to an integral over this surface. The arrangement of the chosen markers and the geometric model allow the computation of the contribution of RC and abdomen to tidal volume (Vt). The difference between the end-inspiratory and end-expiratory volumes of each compartment was calculated as the Vt. The OEP calculates absolute volumes, and the absolute volume of each compartment at functional residual capacity (FRC) in control conditions was considered as the reference volume. Volumes are reported either as absolute values or as changes from the volume at FRC in control conditions. The total chest wall volume (Vcw) was modeled as the sum of volume of the upper rib cage, i.e., the rib cage apposed to the lung (Vrcp), volume of the lower rib cage, i.e., the rib cage apposed to the abdomen (Vrca) and volume of the abdomen (Vab). Thus, the Vcw was calculated as Vcw = Vrc+Vab and changes () in Vcw were calculated as Vcw = Vrc+Vab. The time course of the volume of each region (Vrcp, Vrca and Vab) along their sum (Vcw) was processed to obtain a breath-by-breath assessment of both ventilatory pattern and operational chest wall volume .

Results

Comparison of OEP with pneumotachograph data

We compared change in Vcw during inspiration obtained by OEP (∆Vcw) with inspired volumes obtained by integration of flow (∆Vm) The linear regression analysis between ∆Vcw and ∆Vm, calculated simultaneously over a period of 20s, yielded the following equation:, ∆Vcw = -0.103+1.093∆Vm (r:0.94;p<0.0001). The small discrepancy we found between VToep and VTm may be explained as follows. While pneumotachograph measures the volume of the lung, OEP measures the volume of the trunk. This includes volume changes in the mouth, gas compression and decompression in the lung, and blood shift between trunk and extremity. 

Legend

Fig E1: Time course of volume swings of the chest wall and its compartments during exercise on air in individual patients. Vcw: chest wall volume, Vrcp: pulmonary apposed rib cage volume, Vrca: abdomen apposed rib cage volume, Vab: abdominal volume.

Fig E 2  Phase angle individual data points. Open circle and bars are mean ± SE. 
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