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Background

People spend more and more time seated in transportation, at home, and at an office. Comfort is not only an important sales argument for the seat manufacturers, but is also well recognized as an important health factor for sitters. Long-term sitting may lead to discomfort and even to pressure sores for wheelchair users. Despite the large number of existing seating (dis)comfort studies, there is a lack of objective methods for assessing seating discomfort. Human seat interaction is highly complex and seating comfort/discomfort depends on many factors such as sitter's anthropometry, posture, seat geometry, material proprieties and their interactions. As most of existing studies were carried out using a real seat or an experimental seat with limited possibilities of varying design parameters, it is difficult to isolate the effects of one particular seat parameter and to look at its interaction with other variables. Most of objective variables susceptible to explain discomfort such as internal load at joint, soft tissue deformation cannot be measured directly experimentally. Computational human body models are needed. In this paper, recent efforts in both experimental and biomechanical modeling investigations on seating comfort at LBMC (Biomechanics and Impact Mechanics Laboratory), a mixed research unit from Université Gustave Eiffel and Université Claude Bernard Lyon1, will be presented.

Recent Advances

Thanks to the multi-adjustable experimental seat recently built at LBMC [START_REF] Beurier | SAE Technical Paper[END_REF], we collected a large amount of data from a sample of differently sized people testing different seating configurations. Parametric models have been obtained for predicting preferred seat profile [START_REF] Wang | [END_REF] and contact force distribution [3] in function of anthropometric dimensions, seat pan and back angles. We showed that a new airplane passenger seat with the preferred seat profile and pre-shaped foam could result in smaller shear force and more uniformly distributed pressure on the seat pan as well as less postural changes involving pelvis shift during a long sitting [4].

In parallel to experimental investigations, we also carried out a preliminary study aiming to relate internal loads estimated by a musculoskeletal (MSK) model and sitting discomfort [START_REF] Theodorakos | Proceedings of the 20th IEA 2018 6[END_REF]. Results suggested that lower discomfort rated postures might be associated with lower muscle activities and lower shear force. We also developed detailed finite element (FE) buttock thigh models for assessing soft tissue deformation [6]. For validation purpose, we investigated the effects of foam and seat pan inclination on the deformation of seated buttocks using MRI imaging technique [START_REF] Wang | [END_REF]. We observed that the gluteus maximus (GM) muscle displaced away from the ischium tuberosity (IT) once seated and higher shear force led to larger soft tissue compression.

Future directions

The data about preferred seating parameters contribute to define quantitative guideline for improving seat design. Further efforts are needed to develop parametric full human body models to investigate the effects of body size and posture on biomechanical response under different seating conditions. A hybrid approach combing MSK and FE models could be appropriate.

Validation of these models under realistic seating conditions is needed before their application in seating discomfort assessment.
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