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Abstract

The trunk and its muscles play an important role in maintaining walking mechanics.
Fatigue and weakness of these muscles could affect walking mechanics adversely. The
trajectory of the center of pressure (COP) reflects whole body mechanics. The aim of
this study was to investigate the effect of trunk muscles fatigue on the trajectory of the
COP during walking. Totally, 20 female academic students participated in this study.
Participants were asked to walk on the walkway before and after trunk muscles fatigue
with self-selected speed. In the midway of the walkway, a footscan pressure mat was
mounted. The COP trajectory, relative timing of stance phases and foot progression
angle were recorded using footscan in pre- and post-fatigue conditions. After fatigue, the
relative time of the initial contact phase increased and the relative time of forefoot
contact phase decreased. Trunk muscle fatigue lateralized the COP trajectory in the
Forefoot Flat Phase and Forefoot Push-off Phase and decreased foot progression angle.
According to the results of the current study, it can be concluded that fatigue and
weakness of trunk muscles lead to changes in walking mechanics. These changes could
expose people to the risk of injury.
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Extended Abstract

Objectives

Walking is a complex activity that requires the successful performance of
different biomechanical and cognitive tasks. During walking, the foot is the sole
source of contact of the body with the ground and plays an important role in
shock absorption, adaptation to irregular surfaces and generation of propulsive
force (1). The trajectory of the center of pressure (COP) reflects the overall foot
and body dynamics. COP is the instantaneous force acting on the plantar surface
of the foot and is a component of the vertical force under the foot (2). To
maintain optimal function in walking, several factors are involved. The trunk
muscles play a special role in this. The trunk muscles are considered the bases
for balance, and the neuromuscular system is believed to provide adequate spinal
stability under various conditions through the co-contraction of the trunk
muscles (3). Any change in trunk position or inefficiency of the trunk muscles
will negatively affect the mechanics of movement. Teng and Powers have shown
that small changes in trunk position can decrease energy absorption by up to
23.3% and energy production in the knee by up to 13.3% (4). Hart et al. and
Raabe et al. also showed that trunk muscle fatigue alters running mechanics (5,
6). However, because the assessment of COP trajectory reflects overall running
mechanics, the effect of trunk muscles on running mechanics is less well known.
The aim of this study was to investigate the effect of trunk muscle fatigue on
COP trajectory and foot progression angle during walking.

Materials and Methods

Twenty young female students (age = 19.95 + 1.57; weight = 60.45 + 9.53;
height = 163.95 + 8.26) of Isfahan University participated in this study. The
inclusion criteria were as follows: no history of surgery, fractures,
neuromuscular problems, and no use of prostheses.

Participants were asked to walk barefoot at least 6 times at self-selected speed to
record their plantar pressure characteristics. Then, participants performed a trunk
muscle fatigue protocol. After fatigue, participants repeated the tasks performed
prior to trunk muscle fatigue and the effects of trunk muscle fatigue on the
measured variables were investigated. A Footscan pressure mat (RsScan
International, Belgium, 578mmx418mx12mm, 4096 sensors, 253 Hz) clearly
placed in the central part of a 15m long walkway was used to record plantar
pressure.

The ABT’s trunk muscle fatigueprotocol was used for trunk muscle fatigue in
all planes of motion (7). The isokinetic strength test for trunk muscles
demonstrated its validity and ability to fatigue trunk muscles (7). Footscan 7
Gait 2" generation was used to analyze plantar pressure data. The relative time
(%stance) of roll-over process phases, mediolateral trajectory of COP in the four
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subphases of stance and foot progression angle during walking was calculated
and analyzed.

An average of six trials in the pre-test and an average of six trials in the post-test
were considered for further analysis. One-way repeated measures MANOVA
was used to investigate the effects of trunk muscle fatigue on the timing of roll-
over subphases and COP trajectory in stance subphases. Paired samples t-test
was used to investigate the effect of trunk muscle fatigue on foot progression
angle. All statistical analyzes were performed using SPSS 18 at a significance
level of p<0.05.

Results

The results indicated that trunk muscle fatigue increased relative time of Initial
Contact Phase (p=0.008) and decreased relative time of Forefoot Contact Phase
(p=0.026). However, trunk muscle fatigue did not affect the relative time of the
other subphases. Trunk muscle fatigue lateralized the COP trajectory in the
Forefoot Flat Phase (p=0.007) and Forefoot Push-off Phase (p=0.007). COP
trajectory in the other subphases was not affected by trunk muscle fatigue.
Finally, trunk muscle fatigue reduced foot progression angle during walking
(p=0.040).

Discussion and Conclusion

The aim of the current study was to investigate the effect of trunk muscle fatigue
on the trajectory of COP during walking. The results of the present study
indicated that after trunk muscle fatigue, the relative time of Initial Contact
Phase increased and relative time of Forefoot Contact Phase decreased.
Moreover, the results of this study suggested that the foot progression angle
decreased with trunk muscle fatigue and the trajectory of COP lateralized in
Forefoot Flat and Forefoot Push-off Phases. These results are in line with those
of Raabe et al. and Hart et al. showing altered locomotion mechanics after trunk
muscle fatigue (5,6).

Changes in the timing of the subphases of stance are associated with changes in
foot loading (7). The observed increase in Initial Contact Phase timing is a
compensatory mechanism to better absorb shocks in the fatigued state of trunk
muscles. It has been shown that during heel contact, the trunk muscles increase
the spinal stiffness through their activity to better transfer the load (8). However,
in the fatigue state of these muscles, the time of shock absorption increases, and
finally the relative time of the Initial Contact Phase enhances.

The results of the ongoing study demonstrated that trunk muscle fatigue reduced
foot progression angle. A decrease in progression angle could reflect the internal
rotation of the lower limbs. Weakness in trunk position control has been shown
to be involved in lower limb internal rotation and is considered to be a major
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factor in internal rotation (9). In the present study, a decrease in the foot
progression angle was associated with a lateral shift in the trajectory of COP. In
a previous study, a decreased foot progression angle was shown to be associated
with a lateral shift in foot loading (10), which is consistent with the results of the
current study. This increased loading in the lateral parts of the foot can be
transmitted to higher areas and can lead to injuries in higher parts than the foot,
as shown by Koblauch et al. (11).

In summary trunk muscle fatigue results in changes in running mechanics. These
changes include the increased lateral trajectory of COP, reduced foot
progression angle and altered Roll-over subphases timing. These results suggest
that fatigue or weakness of trunk muscles can affect running mechanics, and
weak trunk muscles make people vulnerable to biomechanical problems and
injuries.

Keywords: Trunk Muscles, Walking, Center of Pressure Trajectory, Foot
Progression Angle
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