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SUMMARY 
Low back pain (LBP) and its recurrent behaviour  are often 
attributed to motor control deficits (e.g. delayed ‘reflex’ 
response, increased antagonistic co-contraction) as potential 
cause and/or effect. Comparing identification of lumbar spine 
stabilization in healthy subjects to patients will result in better 
understanding of such deficits. This paper identifies lumbar 
spine stabilization in the sagittal plane testing 15 healthy 
subjects. 
 
Subjects, restrained at the pelvis, were perturbed in ventral 
direction with a multisine force disturbance at the T10-level of 
the spine. During this they performed a position task (constant 
pelvis-thorax angle by visual feedback) and a relax task. 
Kinematics (low back and thorax motion), contact force and 
muscle activity (sEMG of abdominal and back muscles) were 
recorded.  
 
Frequency response functions (FRFs) representing the human 
low back admittance were determined (Figure 1). Coherences 
were high, justifying a linear approach. The low frequency 
task dependent admittance indicates an adaptation of the 
reflexive and/or co-contractive behaviour. The admittance  
and reflexive impedance (resulting from sEMG-analysis) will 
be used for parametric identification of the low back 
stabilization.  
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Figure 1: Human low back admittance averaged over all 
subjects for the relax (RT) and position (PT) task. Error bars 
represent standard deviations. 

 
Figure 2: Experimental setup. Subjects are restrained at the 
pelvis () and positioned in a kneeling-seated posture. 
Locations of the Optotrak markers () and the leverage point 
of the pushing machine (T10 level) are shown. 
 
INTRODUCTION 
Low back pain (LBP) is a common disorder, which affects 
44% of the adult Dutch population annually [1]. The effect of 
most treatments (e.g. anti-inflammatory drugs, neuromuscular 
training & cognitive therapy) is fairly small, while 60-75% of 
the patients have recurrent symptoms within a year (with 10% 
developing chronic LBP) [2]. Motor control deficits (e.g. 
delayed ‘reflex’ responses, increased antagonistic co-
contraction) are suggested as potential cause and/or effect of 
LBP and its recurrent behaviour [3, 4].  
 
Identifying lumbar spine stabilization in healthy subjects as 
well as in patients may help defining the motor control deficits 
and comparison between both groups could result in a 
diagnostic tool. This paper focuses on the identification in 
healthy subjects in the sagittal plane. 
 
METHODS 
Subjects in this study were 15 healthy adults (age, 23-58 yr; 
mean age, 35 yr) who gave informed consent according the 
guidelines of the ethical committee of VU University 
Amsterdam. Subjects had not experienced LBP during one 
year prior to the experiment. 
 
Subjects were restrained at the pelvis and positioned in a 
kneeling-seated posture (Figure 2). During the measurements, 
the subjects placed their hands on their head.  



A pseudorandom force disturbance (Figure 3) was applied in 
ventral direction at the T10-level of the spine by a 
magnetically driven linear actuator (Servotube STB2510S 
Forcer and Thrustrod TRB25-1380, Copley Controls, U.S.A.). 
For comfort and better force transfer from the actuator to the 
back, a thermoplastic patch was fixed in between. To prevent 
loss of contact between the subject and the machine, a preload 
of 60N was used with a disturbance of ±35N. The disturbance 
was built out of 18 logarithmically distributed paired (= two 
adjacent) frequencies within 0.2-15 Hz range and with 40% 
reduced power above 4 Hz [5].   
 
Kinematics of the lumbar vertebrae (L1 – L5), the thorax (T1, 
T6 (cluster), T12), the frame and the Thrustrod were measured 
in 3D at 100 samples/s (Optotrak 3020, Nothern Digial Inc, 
Canada). The contact force between the Thrustrod and the 
subjects was measured at 200 samples/s (force sensor FS6-
500, AMTI, USA). Activity of eight muscles (Table 1) was 
measured (surface electromyography (sEMG) Porti 17, TMSi, 
The Netherlands) as described in [6]. 
 
Visual feedback representing the low back angle (= frame-T12 
marker angle) in dorsal-ventral and lateral directions was 
provided to the subjects. Both a position task (PT) and a relax 
task (RT) were performed. In PT, subjects were instructed to 
minimize low back angle changes during the disturbance. In 
RT, subjects were instructed to relax as much as possible, 
while limiting the low back angle to about 15 degrees. As 
proprioceptive disturbance, a vibration (≈ 95 Hz) was applied 
at the lumbar part of the m. longissimus (between L3-L4). 
Both instructions were performed 4 times with and without 
vibration, resulting in a total of 16 runs per subject. 
 
RESULTS AND DISCUSSION 
Frequency domain analysis of the kinematics yields  
frequency response functions (FRFs) representing the human 
low back admittance (Figure 1) [7]. Coherence levels were 
high (γ2 ≥ 0.6) for PT over the whole frequency range and for 
RT up to 3.5 Hz.  Admittance adaptation due to the task 
instruction was shown by significantly lower admittance for 
the PT (52%) than the RT up to 1 Hz (P < 0.05). At 
frequencies above 2 Hz similar admittance was found. Also 
the standard deviation in admittance of the RT was high in the 
lower frequencies, while the PT had fairly small standard 
deviations. The difficult task of relaxation with pretension and 
upright posture control could explain this variability. No 
significant effects of vibration were found. 
 
Table 1: Muscles measured with sEMG, both left and right. 
Abdominal muscles Back muscles 
m. rectus abdominus m. longissimus  - thoracic 
m. obliquus internus m. iliocostalis - thoracic 
m. obliquus externus - lateral m. iliocostalis  - lumbar  
m. obliquus externus - anterior m. longissimus  - lumbar 
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Figure 3: Disturbance in time (top) and frequency (bottom) 
domain 
 
The reflexive impedance can be estimated by analysis of the 
sEMG responses [7]. This impedance will then be used for 
identification of the reflexive contributions.  Finally, 
parametric identification will provide more detailed insights in 
lumbar spine stabilization. 
 
CONCLUSIONS 
 The low standard deviations during the PT suggest good 

reproducibility of the task, while the RT is useful for 
intrasubject analysis but needs tuning for intersubject 
evaluation. 

 The task dependent admittance below 1 Hz indicates an 
adaptation of the reflexive and co-contractive behaviour.  

 The experimental results justify the linear approach of 
estimating the human admittance using the FRFs given 
the high coherence levels for both the PT and RT 
instructions.  
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