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SUMMARY 

The purpose of this study was to study the dynamic properties 

of the trunk, and to understand how trunk motion and muscles 

contraction contributed to postural control in unstable sitting. 

This biomechanical response was studied while participants 

were sitting on a custom-made chair that was able to swing 

freely in the sagittal plane. Each participant was asked to 

maintain their balance after the seat was tilted backward about 

20 degrees and released. 

The movement of the lumbar spine and pelvis were recorded. 

The seat was mounted over the force plate, and this allowed 

the moment acting on the lower trunk to be derived. Electrical 

activities of paraspinal muscles were also recorded. 

The lumbosacral angle and the hip angle represent how the 

participants responded to the perturbation.. There was also low 

level activity in the trunk muscles, indicating the hips play a 

major role in maintaining the stability of sitting. Moment and 

angle were used to derive stiffness and damping coefficient of 

the trunk 

 

INTRODUCTION 

Previous studies demonstrated that low back pain (LBP) 

altered the mechanics of movement. Specifically, reduced 

mobility [1], impaired and increased postural sway [2] were 

observed in subjects with LBP compared with asymptomatic 

subjects. Further studies found that subjects with LBP showed 

increased posteronanterior stiffness with pain while changes in 

trunk muscle recruitment due to alteration of the motor control 

system [3] or in the muscle response pattern to sudden trunk 

loading [4] have also been found. 

The method of using a perturbation to determine joint stiffness 

has been already used for the shoulder [5] and wrist joints [6]. 

In both studies the perturbation was delivered to the upper 

limb. Recorded joint position and torque were used to 

calculate joint stiffness and viscoelastic properties. 

The purpose of this study was to study the dynamic properties 

of the trunk, and to understand how trunk motion and muscles 

contraction contributed to postural control in unstable sitting.  

 

METHODS 

Five healthy subjects (female: N=3; male: N=2; mean age 

32.4±3.1) without a history of lower back pain were recruited 

for the study. Exclusion criteria included presence of 

ankylosing spondylitis, fractures/dislocation of the spine or 

hips, history of spinal or hip surgery, pregnancy, neurological 

disorders, cancer and osteoporosis.  

The participant sat on a custom-made seat that was free to 

swing in the sagittal plane (20 degrees backward and 20 

degrees forward).  Participants were strapped to the seat for 

lower limb immobilization. A belt was fastened around the 

hips to allow movements of the pelvis and trunk only. The 

subject was asked to maintain in a balanced, steady position 

after the seat was tilted backward about 20 degrees and 

released.  

The movement of the lumbar spine was measured using a 

three-dimensional motion track system (3SPACE 

FASTRAK®, Polhemus Inc.). Two sensors were placed on the 

back of the subjects, one at the sacrum level and one at the 

first lumbar vertebral level. One further sensor was placed on 

the seat to track its movement. These data were used to derive 

the angle of the seat, the lumbar spine angle (angle between 

L1 and sacrum) and the hip angle (angle between sacrum and 

the thigh). 

The seat was placed over the force plate in order to determine 

the loads that acted on the system formed by the seat and the 

subject. Inverse dynamic equations were used to derive the 

moment acting at the L5/S1 joint using data from force 

platform and motion tracking system. Moment and angle data 

were low pass filtered at 2 Hz. 

Describe the viscoelastic model here + equation 

Moment data were fitted in a second order linear model to 

derive stiffness and damping coefficient of the trunk.  

 

Electromyographic electrodes (Biometrics Ltd, type Nos. 

SX230) were used to record the electrical activities (EMG) of 

the paraspinal muscles. Electrodes were placed on the erector 

spinae, rectus abnominus and, external oblique. The 

placements of the sensors were based on the recommendations 

of previous studies [7]. The EMG data were snchronised with 

force and motion data, and acquired at a sampling rate of 500 

Hz. Data were rectified and the linear envelop obtained by 

applying a low pass filter at ? Hz..  

The data presented is the mean of 3 trials and for 5 

participants. Data in figure 1 represent the data from one trial 

of one participant. 

 

RESULTS AND DISCUSSION 

The seat angle (figure 1a) showed the movement of the seat 

while it was subjected to a perturbation of 20 degrees. 

Subjects were able to adjust their position and come to a fairly 

stable position within a short time period. The moment acting 

on the trunk, the lumbar spine and hip motions represented the 

biomechanical response of the trunk to the perturbation. The 

pattern of the moment curve followed the pattern of the seat 

angle as was shown in figure 1a and 1d: in the beginning, 

when the seat angle was at 20 degrees the moment was around 

12.8 Nm, then the value of the moment decreased with the seat 

angle. Hip angle pattern appeared to be the reverse of the seat 



angle pattern: when the value of the seat angle started to drop 

from 20 degrees to -9.9 the hip angle started to increase from 0 

to 21.5 degrees. Similarly when the seat angle started to 

increase from -9.9 to 3 degrees, in fact the hip angle decreased 

from 21.5 to 13.2 degrees. These results suggest that the seat 

movement may be balanced by movement of the hip with a 

smaller contribution from the lumbar spine. This was in 

accordance with the muscle activities: the erector spinae 

activity (Figure 1e) The activity of the external and internal 

oblique muscles (Figure 1f and 1g)  was related to flexion of 

the hips; the activity of the rectus abdominus (Figure 1h) was 

low throughout all the experiment. The data showed that the 

trunk behaves like a viscoelastic material: the response was 

not instantaneous as in the case of an elastic material, but 

found to be time dependent. Using a second order model 

viscoelastic parameters have been calculated: the mean 

stiffness for the subjects was 71.49(±25.88) Nm/rad, the mean 

damping coefficient was 0.86(±0.73) Nms/rad.  

 

Understanding the response to a perturbation provides insights 

into the dynamic properties of the lumbar spine. We are 

currently comparing data between normal and back pain 

subjects. This will allow us to understand how the active and 

passive mechanisms are compromised as a result of back pain. 

 

CONCLUSIONS 

The results of this experiment showed how motion and 

muscles contraction contribute to postural control during 

unstable sitting. The lumbar spine and the hip moved in order 

to control the movement of the seat and to find the equilibrium 

of the moments to reach a stable position. The data showed 

that the movement of the hip was greater than the movement 

of the spine. The EMG data explained how the trunk muscles 

contributed to the balance of the trunk.  
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Figure 1: Experiment results; (1a) seat angle in degrees; (1b) Hip angle in degrees; (1c) spine angle in degrees; (1d) moment in 

Nm; (1e) EMG of right and left Erector Spinae in mV; (1f) EMG of right and left External Oblique in mV; (1g) EMG of right and 

left internal Oblique in mV; (1h) EMG of right and left Rectus Abdominus in mV. 


