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SUMMARY 
To assess accuracy of dynamic trunk postural control, subjects 
performed a spiral tracking task, which required a circular 
movement with increasing amplitude of their trunk, with fixed 
pelvis. As hypothesized, kinematic error (absolute difference 
between trunk angle and the target center) increased with 
trunk angle amplitude and was larger in extension compared to 
flexion (with respect to the individually determined neutral 
angle). This can be explained by signal dependent noise in the 
neuromuscular system, since kinematic error also increased 
with increasing abdominal and back muscle activity. However, 
increased back muscle activity during periods of extension 
(co-contraction) reduced kinematic error, which was not the 
case for abdominal muscle activity during flexion. These 
findings suggest that antagonistic co-activation is a successful 
strategy to enhance accuracy control only in extended trunk 
postures.  
 
 
INTRODUCTION 
Adequate control of trunk posture is essential for almost all 
activities in daily life and is often impaired in low back pain 
patients. Quality of trunk postural control can be assessed 
during experimental tasks requiring a high level of accuracy. 
Without external forces or perturbations, the neuromuscular 
system ‘only’ has to deal with its own ‘noise’ in order to limit 
kinematic variability. From previous studies focusing on the 
elbow joint, we know that increasing joint impedance by 
antagonistic co-activation is an effective way to increase 
accuracy [1]. In the trunk, this strategy was not found during 
static precision tasks [2]. This is possibly due to the 
paradoxical trade off between signal dependent noise 
(increased activity � increased variability � decreased 
accuracy) versus the potential ‘stabilizing’ effect of 
antagonistic co-activation (increased activity � decreased 
variability � increased accuracy). In the current study, 
accuracy of trunk postural control was assessed during a 
dynamic task covering a large part of the lumbar range of 
motion. We hypothesized that accuracy would decrease with 
increasing trunk angle with respect to the neutral posture, due 
to the signal dependent noise. In addition, we hypothesized 
higher accuracy in flexion when compared to extension, due to 
the anatomical advantage of the back muscles when compared 
to the abdominal muscles.  
 
 
METHODS 
Fourteen healthy subjects (10 male, 4 female, age 36±13, 
length 179±11.4 cm, mass 74.6±10.3 kg) with no (history of) 

low back pain participated in the experiment. Surface 
electromyography (EMG) of 16 trunk muscles (4 abdominal 
and back muscles bilaterally) was recorded and an 
optoelectronic marker recorded the position of the spinous 
process of T12. Trunk angle was calculated with respect to a 
fixed point in space (just behind S1). First, subjects were 
asked to sit comfortably, in order to determine each 
individual’s neutral trunk angle. Real-time feedback of trunk 
angle (with respect to this neutral angle) was presented as a 
black dot on a computer screen, with frontal plane movements 
along the x-axis and sagittal plane movements along the y-
axis. Subjects were instructed to adjust their trunk posture in 
order to stay within a yellow square target object. The target 
moved following a spiral shaped trajectory and thus required a 
circular movement of the trunk. The outer boundaries of the 
spiral corresponded to 10 degrees extension and lateral flexion 
and 20 degrees flexion. Two trials started in the center of the 
spiral and 5 rotations with increasing amplitude were made 
counterclockwise in approximately 2 minutes. In two 
additional trials, the target started in maximum lateral flexion 
to the right and 5 rotations with decreasing amplitude were 
made clockwise, to avoid effects of fatigue.  
 
Absolute differences between trunk angle and target center 
were calculated as a measure of accuracy (kinematic error). 
EMG data was filtered to remove ECG [3] and then 2.5 Hz 
low pass filtered (2nd order Butterworth, uni-directional) to 
correct for electromechanical delay [4]. Finally, another low 
pass filter (0.5 Hz, 4th order Butterworth, bi-directional) was 
applied for further smoothening of the activation patterns. 
Activity was normalized to the highest value found during the 
four measurements. The normalized linear envelopes (all 
values between 0 and 1) were averaged over abdominal and 
back muscles, resulting in two time series of muscle 
activation.  
 
Two regression analyses for repeated measures (generalized 
estimation equations) were used to predict the kinematic error. 
In both models, the direction (flexion vs. extension) of trunk 
angle was included as a factor. As covariates, absolute 
amplitude of trunk angle with respect to the neutral posture 
was included in the first model and trunk muscle activation 
was included in the second model.  
 
 
RESULTS AND DISCUSSION 
In figure 1, an example of a target as well as a tracked 
trajectory can be seen. Figure 2 shows the pattern of 
abdominal and back muscle activation during the same trial.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Target (dashed) and tracked (solid) trajectory for 
one subject. The star indicates the neutral posture and the 
horizontal line discriminates between flexed and extended 
postures (direction of trunk angle). Trunk angle amplitude 
corresponds to the length of the vector between the neutral 
angle and each point on the target trajectory. 
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Figure 2: Average back and abdominal muscle activity during 
a counterclockwise tracking task for the same subject. Recall 
that the values on the y-axis are between 0 and 1 since we 
normalized to the highest value measured during all trials. 
 
In line with our hypotheses, an increase in amplitude of trunk 
angle was significantly associated with an increase in 
kinematic error. Also, a significant interaction between 
amplitude and direction of trunk angle was found. 
Specifically, the effect of trunk angle amplitude on kinematic 
error was twice as large in extension when compared to 
flexion.  
 

In the second regression analysis, the kinematic error was 
significantly associated with trunk angle direction (flexion vs. 
extension), in that larger errors were made in extension when 
compared to flexion. As hypothesized, accuracy decreased 
with increasing abdominal and back muscle activity. 
Interestingly, increased back muscle activity during periods of 
extension (co-contraction) reduced kinematic error, but this 
was not the case for abdominal muscle activity during flexion.  
 
These findings suggest that higher kinematic variability and 
thus lower accuracy in trunk angles further from the neutral 
posture can be (partly) explained by signal dependent noise. 
Furthermore, antagonistic co-activation appears to be a 
successful strategy to enhance accuracy control in extended 
trunk postures. In flexed postures, this reduction of kinematic 
variability by co-activation of abdominal muscles was not 
found. This difference, as well as the finding that larger errors 
were made in extended postures compared to flexed postures, 
could be explained by important differences in anatomical 
characteristics between abdominal and back musculature. 
Whereas several back muscles have segmental origins and/or 
insertions, most abdominal muscles span from thorax 
(ribcage) to pelvis, either directly or indirectly via the rectus 
sheath. The segmental origins and insertions probably allow 
for subtle adjustments and thus provide the back muscles with 
the ability to accurately control trunk flexion. Recent studies 
showed that the architectural design of segmental muscles (eg. 
multifidus) supports their important function in fine motor 
control [5,6]. In abdominal muscles, the larger muscle length 
and moment arms with respect to L5/S1 and the indirect force 
transmission through the rectus sheath may not allow for such 
subtle adjustments in accuracy control during extension. This 
could be the reason that the back muscles are simultaneously 
activated, in order to limit kinematic variability by increasing 
trunk stiffness. 
 

 
CONCLUSIONS 
Trunk postural control deteriorates when trunk angle 
amplitude increases in healthy subjects, and this effect is more 
pronounced in extension than in flexion. In extension, 
accuracy is increased by antagonistic co-activation, whereas in 
flexion this is not the case. 
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