
 
 

EFFECTS OF UNEXPECTED TRUNK UNLOADING IN A REALISTIC PUSHING TASK 
 

Yun-Ju Lee, Marco J. M. Hoozemans and Jaap H. van Dieën 
Research Institute MOVE, Faculty of Human Movement Sciences, VU University Amsterdam, The Netherlands 

email: y.j.lee@vu.nl, web: www.move.vu.nl/members/yun-ju-lee/ 
 

SUMMARY 
To determine whether the transition from static to dynamic 
friction in pushing causes a trunk perturbation, participants 
pushed a four-wheeled cart at shoulder height with and 
without expectation of cart movement. As hypothesized, the 
transition from static to dynamic friction causes a sudden 
unloading perturbation of the trunk. Increases in back muscle 
activity and trunk inclination were observed in response to the 
sudden drop in the contact forces between hands and cart. 
Furthermore, higher trunk muscle activity and higher trunk 
stiffness prior to the cart movement and a smaller change in 
trunk inclination after the cart movement were observed in the 
self-initiated condition (with expectation) compared to the 
unexpected, externally triggered release condition. These 
findings suggest that the sudden unloading in pushing tasks 
may put the spine at the risk of low-back injuries, however, 
preparatory activation of trunk muscles serves to increase 
trunk stiffness may reduce the impact of the perturbation. 
 
INTRODUCTION 
Uncontrolled trunk movements due to unexpected (un)loading 
are considered a risk factor for low-back injury. Sudden 
unloading directly imposed to the trunk requires rapid trunk 
muscle responses to counter such uncontrolled movements [1]. 
In realistic work tasks, such as pushing tasks, relatively low 
trunk stiffness may put the spine at the risk in case of 
unexpected situations [2]. During dynamic pushing, the 
transition from the initial to the sustained phase is associated 
with a sharp drop in the contact forces between cart and hands, 
due to the transition from static to dynamic friction the timing 
of which can’t be predicted.  
 
The first aim of the present study was to determine whether 
the transition from static to dynamic friction in pushing, 
causes a perturbation of the trunk and whether previous 
findings from sudden release experiments generalize to 
realistic pushing tasks. For self-initiated pushing, the 
expectation of cart movement may be comparable with a 
warning preceding sudden perturbations [3]. Therefore, we 
hypothesized that expectation of cart movement may cause an 
increased trunk muscle activation before the perturbation and 
result in a decrease in trunk displacement after the 
perturbation, compared to pushing against a cart that 
unexpectedly starts moving. 
 
METHODS 
Eleven healthy male participants (age 29.5 (SD 5.0) years, 
height 1.86 (SD 0.06) m and weight 79.7 (SD 8.4) kg) without 

history of low-back pain or other musculoskeletal disorders 
within the past 12 months participated in this study. 
Participants were instructed to push a four-wheeled cart 
(height 1.6 m, depth 0.8 m and width 0.64m) weighting 200 kg 
with hard rubber wheels (0.028 m wide and diameter 0.124 
m). Two remote-controlled caliper breaks attached to the front 
wheels were used to prevent the cart from moving in selected 
trials. 
 
Participants performed two pushing conditions (externally 
triggered condition and self-initiated condition) at shoulder 
height. Prior to the externally triggered condition in which the 
brakes were suddenly and unexpected released, participants 
performed a random number of (4 to 6) reference trials in 
which the brakes were locked all the time. For the self-
initiated condition, participants pushed the cart from standstill 
over a distance of about 5 m at normal walking speed. 
 
The instant of cart movement was used to synchronize the 
externally triggered condition and the self-initiated condition. 
During all pushing tasks before cart movement, 
electromyography (EMG) of selected trunk muscles, hand 
forces and trunk inclination were recorded and averaged as the 
baseline values. In addition, trunk stiffness was estimated 
based on an EMG-driven model. After cart movement, the 
peak values of EMG and trunk inclination were considered as 
responses to the perturbations. To compare differences 
between the self-initiated and the externally triggered 
condition, trunk stiffness, trunk inclination and abdominal and 
back muscle activity were evaluated by paired-sample t tests 
with p values < 0.05 considered as statistically significant. 
 
RESULTS AND DISCUSSION 
In the externally triggered condition after cart movement, the 
back muscles were activated and reached 8.5 (SD 5.12) 
%MVC and the abdominal muscle were deactivated. 
Furthermore, trunk inclination after cart movement increased 
by 4.36 (SD 2.48) º. These responses were similar but slower 
to those in sudden release experiments [1], which indicates 
that the transition from static to dynamic friction in pushing 
causes a sudden unloading perturbation of the trunk. 
 
The similar pattern of contact forces just before and after onset 
of cart movement (peak hand force (p=0.831) and rate of force 
decrease (p=0.273)) between the externally triggered and the 
self-initiated conditions (Figure 1) suggests that the externally 
induced sudden unloading is comparable to the initial phase of 
pushing tasks during which the pushing force exceeds the 



static friction.  
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Figure 1:  An example of one participant pushing a 200 kg 
cart at shoulder height in the externally triggered (solid lines) 
and self-initiated (dash lines) conditions. The vertical solid 
line represents the onset of cart movement. The left upper 
panel is a zoomed in image of the period (500 ms) from the 
left vertical dashed line to the vertical solid line. The right 
upper panel represents the period (1000 ms) from the vertical 
solid line to the right vertical dash line. 
 
The abdominal and back muscle activities prior to the 
perturbation (baseline amplitudes in Figure 2) were 
significantly higher in the self-initiated condition than in the 
externally triggered condition (p=0.028; p=0.004). 
Furthermore, trunk stiffness in the self-initiated condition was 
significantly lower than in the externally triggered condition 
(p=0.003). These results indicate a higher level of trunk 
muscle co-contraction that increases trunk stiffness [4]. 
Participants’ expectation of the cart movement apparently 
triggered such preparatory co-contraction, which was 
comparable to the effect of warning preceding a perturbation 
in sudden loading experiments [3,5]. Because of this 
preparatory trunk co-contraction, a lower risk for low-back 
injuries would be expected after sudden, yet anticipated, 
unloading during pushing. However, the change in trunk 
inclination after the cart movement was not significantly 
different between two conditions (p=0.152). After cart 
movement, larger changes in abdominal and back muscle 
activities (p=0.004; p=0.010) occurred in the externally 

triggered condition implying that a larger response of the 
extensors may have prevented a large change in trunk 
inclination.  
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Figure 2:  Means and standard deviations (error bars) of 
abdominal and back muscle EMG amplitudes and trunk 
inclination when pushing at shoulder height (left to right). The 
white and black boxes represent pushing in the externally 
triggered and self-initiated conditions. 
 
CONCLUSIONS 
In pushing, the transition from static to dynamic friction 
causes a perturbation of the trunk that may put the spine at the 
risk of injury. In the initial phase of self-initiated cart pushing, 
preparatory co-contraction of trunk muscles serves to increase 
trunk stiffness in anticipation of cart movement. The 
preparatory co-contraction of trunk muscles in this situation 
may reduce the risk of low-back injury. 
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