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SUMMARY 
By analyzing electromyography (EMG) of the right-sided 
lateral abdominal muscles and 3-dimensional moments during 
treadmill walking, we found that the activity of these muscles 
was clearly coordinated. This coordination serves to deal with 
conflicting constraints, with co-contraction of antagonists to 
offset unwanted mechanical side effects of individual muscles, 
or with synergies, depending on the plane of motion.  
 
INTRODUCTION 
The lateral abdominal muscles, transversus abdominis (TA), 
obliquus internus (OI) and obliquus externus (OE), have been 
suggested to perform multiple functions, such as respiration, 
the generation of 3-dimensional moments, and stabilization of 
the pelvis and spine. How these functions are coordinated has 
received limited attention. The motor control system could 
deal with multiple functions by prioritizing one and ignoring 
the other [1], or by dealing with functions consecutively (task 
switching), rather than simultaneously (multitasking). 
Furthermore, the control system may exploit muscle 
redundancy by assigning specific functions to specific muscles 
or parts thereof [2].  
 
The goal of this study was to understand how the multiple 
functions of the lateral abdominal muscles during gait are 
coordinated by the motor control system. The basic 
spatiotemporal pattern of motor neuron activity is conserved 
across speeds [3], and we hypothesized that the control system 
deals with the same constraints at all speeds of normal 
walking. As these muscles are involved in multiple functions, 
we also hypothesized that each muscle would be active most 
of the time for stabilization, on top of which modulation 
would be needed for simultaneous and consecutive task 
execution (multitasking and task switching). Since tasks will 
rarely require the exact 3-dimensional effects of any 
individual muscle, conflicting constraints are expected, and we 
hypothesized that coordination of the three muscles would not 
only involve synergy, but also co-contraction of antagonists to 
offset unwanted mechanical effects of individual muscles. 
 
METHODS 
We studied electromyographic (EMG) activity of the right-
sided lateral muscles and moments during treadmill walking at 
six different speeds (1.4-5.4 km/h) in sixteen healthy young 

women. Trunk moments from anthropometrical and kinematic 
data by means of a dynamic 3-dimensional linked segment 
model were calculated [4]. EMG linear envelopes and moment 
data were cross-correlated and consecutive or simultaneous 
performance of functions was further charted by splitting the 
stride cycle into different phases, with peak detection in the 
time series of moments and of EMG. Fourier analysis of the 
EMG linear envelopes was performed to determine the 
relative power at main frequencies. Muscle activity at stride 
frequency would imply unilateral phasic modulation, as in 
lateral bending or trunk rotation. Activity at step frequency 
would imply symmetric bilateral modulation, as in flexion, or 
for stabilization. Since it is likely that the relative importance 
of different functions changes with walking speed, walking 
speed was manipulated. 
 
RESULTS AND DISCUSSION 
Time series of trunk moments were consistent across speeds 
and subjects, although less so in the sagittal plane (56% 
common variance) than in the frontal and transverse planes (> 
80% common variance). All three muscles were active over 
75% of the stride cycle at the lowest speed to over 90% at the 
highest speed, indicative of a stabilizing function. 
Nevertheless clear phasic modulations were observed, with 
TA more active during ipsilateral swing and OI and OE more 
active during contralateral swing (Figure 1). Fourier analysis 
revealed four main frequencies in the activity of all three 
muscles, the first corresponding to respiration, the second and 
third to stride and step frequencies, and the fourth reflecting a 
triphasic pattern combining the former two. With increasing 
speed, the relative power of the respiration and stride-related 
(unilateral) activities deceased, while that of step-related 
(bilateral) activity and the triphasic pattern increased. All 
effects of speed were gradual without sudden transitions and 
EMG linear envelopes had a high common variance (> 70%) 
across speeds within subjects. Cross-correlations of moments 
and muscle activity indicated that the all three lateral 
abdominal muscles are involved in the generation of moments 
in all three planes.  
 
To understand coordination, we interpreted peaks in muscle 
activity (Figure 2) as related to the moment curves (Figure 3), 
both at the highest speed. At contralateral initial swing, all 
three muscles appear to be involved in lateral bending, with a 



peak for TA at 16%, a hump in the OI curve at 13%, and 
peaks for OE activity at 13% and 36% of the stride cycle 
(Figure 2), together contributing to the right bending moment 
(Figure 3) which is needed to balance the pull of gravity 
during contralateral swing. The above TA and OI peaks will 
contribute to right (ipsilateral) rotation, while the rotation 
moment is still to the left (Figure 3, right panel), and the 
"unwanted" ipsilateral rotation of TA and OI appears to be 
offset by simultaneous OE activity. Similarly, at 50% of the 
stride cycle, TA and OI have major peaks, probably to deal 
with destabilization around heel contact; the flexion 
component of these muscles may serve to balance erector 
spinae activity [5], and the right rotation of these muscles 
agrees with the moment curve. At the end of the stride cycle, 
similar happens in the curves of TA and OI, but now, right 
rotation is unwanted, and a major peak in OE activity is 
visible, apparently to offset the unwanted rotation to the right. 

 
Figure 1:  Muscle activity at each instant of the stride cycle in 
each individual subject of the TA, OI, and OE (top three rows) 
at 3 different speed levels. Black bars represent muscle 
activity above the 50th percentile amplitude for each subject, 
while white bars represent muscle activity below the 10th 
percentile, and grey bars represent amplitudes in between. In 
the bottom row, these results have been averaged over 
subjects, and projected onto the sketch map of the stride cycle, 
using the same code of grey shades. TA activity is depicted in 
the inner ring, OE in the outer ring, and OI in between.  
 
CONCLUSIONS 
The control system deals with the same constraints at all 
normal speeds of walking, and no constraint is ignored at 
higher speeds. During gait, activity of the lateral abdominal 
muscles contributes to breathing, trunk motion in three 
dimensions, and lumbar spine as well as pelvic stability. The 
three muscles are active all, or most of the time, apparently to 
deal with stabilization demands. All three lateral abdominal 
muscles are involved in simultaneous task execution 
(multitasking) as well as consecutive task execution (task 
switching). Task execution is distributed over all three 
muscles, and no muscle is exclusively assigned a particular 
task. Most important, the motor control system deals with 

conflicting constraints by coordinating the activities of the 
lateral abdominal muscles (and the erector spinae), with often 
several muscles being active simultaneously, having 
synergistic or antagonistic mechanical effects depending on 
the plane of motion. 
 

 
Figure 2:  Ensemble averaged EMG linear envelopes at the 
highest gait speed, with average peak times (% of the stride 
cycle) of EMG amplitudes. 

 

Figure 3:  Ensemble averaged trunk moments at the highest 
gait speed, with average peak times (% of the stride cycle) of 
the moments. 
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