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Definition of kinematic characteristics 
Range of motion (ROM)
Trunk ROM was measured as angular inclination of the trunk at T12, pelvic ROM was measured as angular inclination of the pelvis at S2 and lumbar ROM was calculated using the difference between the angular inclinations at T12 and S2.
Lumbo-pelvic Coordination (rhythm)
Lumbo-pelvic coordination, sometimes described as lumbo-pelvic rhythm, is a method of describing lumbar versus pelvic contributions to movement. We calculated the relative contribution of lumbar movement at the end range of trunk flexion by using lumbar peak angle divided by trunk peak angle and expressed as a percentage.
Flexion relaxation response
A common pattern of thoraco-lumbar extensor muscle activity measured by surface electromyography (sEMG) is seen in people without back pain with electrical activity occurring at the start of trunk flexion (eccentric activation) and again on return from the fully flexed position (concentric activity), with minimal or no activity in the fully flexed position. This has been described as the flexion relaxation response [1]. Flexion relaxation is often absent in people with LBP when compared to people without LBP, and when restored, is associated with improvements in pain and activity limitation [2, 3]. It is possible that higher extensor muscle activity in the fully flexed position, a position that is recognized as a biomechanically vulnerable position for the intervertebral disc [4], increases compressive loading. The flexion relaxation response was calculated as the sum of sEMG activity (millivolts) during 3 seconds in the fully flexed position (numerator) divided by the summed sEMG activity during both the eccentric (forward bending) and concentric (returning to upright stance) phases of flexion (denominator). The ‘normal’ complete muscle relaxation in full flexion would result in this flexion relaxation response being reported as close to or equal to zero. As muscle activity in end of range flexion increases, this ratio increases, with a larger number indicating greater muscle activation in the fully flexed position. Figure 5 provides a visual explanation of the FRR calculation.
[bookmark: _Hlk521952458]Figure 5 placed HERE

‘Onset delay’ and ‘Delay-at-20o’ of trunk flexion
Because motion sensors measure movement over time, it is possible to assess time-related synchronicity of lumbar versus pelvic contributions to flexion movement.  There is evidence of time-related differences in lumbar versus pelvic movement during flexion [5]. An ‘onset-delay’ parameter measures which region, lumbar or pelvis, moves first and the time ‘gap’ between regions. Negative numbers indicate a delay in pelvic motion, with movement initiated first in the lumbar spine, while positive numbers indicate a delay in lumbar motion, with movement initiated at the pelvis. Larger numbers indicate a longer delay. The start of flexion was defined as the point at which velocity was > 7o/sec (the velocity required before movement was visible graphically). Figure 6 demonstrates an example of an onset-delay in pelvic movement. The ‘delay-at 20o’ parameter provides a similar view of movement discrepancy and is a calculation of the time needed to achieve 20o of angular inclination from the start of movement, for each region. Both parameters provide a measure of time-related synchronicity (or lack thereof) of lumbar versus pelvic contribution to flexion. The time difference in lumbar versus pelvic movement achieving 20o of angular inclination was chosen as almost all participants produced a reading of 20o for both lumbar and pelvic movement, whereas at 30o and 40o, 13% and 33% of participants respectively did not achieve these angles for either lumbar or pelvic motion. 
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Flexion movement duration
Flexion movement duration was defined as the time taken from start of trunk flexion (when velocity of movement was >7°/sec) to the fully flexed position (when velocity was <7°/sec velocity). We defined end of trunk flexion in this way because movement with a velocity less than 7o/sec is very close to end-range and this threshold minimizes error that can result from the peak angle slowly increasing due to creep when the fully flexed position is sustained for the three second period during which we assessed the flexion relaxation response. 
Sitting: Pelvic tilt range and pelvic tilt ratio
Pelvic tilt ROM (from full posterior to anterior tilt angular inclination) may be of clinical interest when sitting is associated with pain. Reduced pelvic repositioning accuracy (proprioception) and reduced movement variability have been identified in people with chronic LBP [6-10]. The pelvic tilt range was measured by calculating the angular inclination of the pelvis between full anterior and full posterior tilt, which provided estimates of lower lumbar movement. The pelvic tilt ratio is a measure of the independence of pelvic tilt relative to trunk movement and is calculated by dividing the angular inclination of the pelvic sensor by the angular inclination of the trunk sensor. This parameter was used to test how pelvic tilting was performed i.e. whether movement was independently performed only in the lower lumbar motion or combined with upper lumbar motion, as might occur if a person simultaneously moved the trunk into flexion while performing posterior pelvic tilt). A number > 1 indicates larger pelvic than trunk ROM; a number <1 indicates larger trunk than pelvic ROM during the pelvic tilt manoeuvre.
Sitting: relative position
Measurements were made of usual, full slumped (kyphotic) and full upright (lordotic) sitting lumbar positions. The relative sitting position was calculated for usual sitting by deeming the fully slumped sitting position to be 100% and the fully upright sitting to be 0%. For example, if full slump was at 50o of lumbar flexion and full upright sitting was at 0o lumbar flexion, then the difference (50o-0o=50o) between maximum slump and upright sitting would represent 100% of the available ROM. If usual sitting was 25o, the relative sitting position would have been coded as 50%. This index enabled comparisons between individuals for defining usual sitting position relative to the available range of pelvic movement.
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