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1 Introduction

Infants acquire posture control for upright standing be-
fore beginning bipedal walking. In the rehabilitation for
stroke patients, standing practice is generally considered to
be an important step for recovering walking. These facts
suggest that not only gait control but also posture control
plays an essential role in stable bipedal walking. How-
ever, little is known about how posture control works dur-
ing walking because it is difficult to distinguish muscle ac-
tivities for posture control from those for gait control. The
purpose of this research is to elucidate how posture control
is involved in the control of bipedal walking. For this pur-
pose, the authors focused on the lateral tremor movement
induced when one foot was put on a slackline which is a
tensioned nylon webbing. This tremor movement is thought
to be a result of spinal reflex [1] which would contribute to
the suppression of the posture sway in the lateral direction
during standing and walking. In this study, we analyzed sim-
ilar muscle activities during walking to those of the tremor
movement and speculated how posture control works during
walking.

2 Methods

2.1 Data Collection
Five healthy male subjects (23.8±2.3 yr of age, 169.6±

3.4 cm, 56.5± 6.5 kg ) with no disorder in their lower ex-
tremities participated in the experiments. Informed consent
was obtained from all participants in accordance with the
procedures approved by the Ethics Committee of the Yam-
aguchi University.

In the walking task, subjects were instructed to walk on
a treadmill at 4.5 km/hr for 60 seconds with crossing their
arms. In slackline tasks, subjects were instructed to put the
big toe side (big toe condition) and the little toe side (lit-
tle toe condition) of the right foot on a slackline of 3.5 cm
width and 3.5 m length, and to put their weight on the foot
for 20 seconds, by which tremor of the foot was often ob-
served. One trial for the walking task and two trials for each
slackline task were performed, and the order of the tasks
was randomly assigned to the subjects. Surface EMG ac-
tivities from 14 leg muscles were recorded at 1,926 Hz on
the right side of subjects (Trigno, Delsys Inc., USA) : tib-

ialis anterior (TA), peroneus longus(PERL), vastus lateralis
(VL), vastus medialis (VM), rectus femoris (RF), adductor
longus (ADD), lateral head of gastrocnemius muscle (LG),
medial head of gastrocnemius muscle (MG), flexor hallu-
cis longus (FPL), biceps femoris (BF), semitendinosus (ST),
tensor fasciae latae (TFL), gluteus medius (Gmed), and glu-
teus maximus (GM). Reflective markers were placed at the
greater trochanter (hip), knee, lateral malleolus (ankle), and
the fifth metatarsal head (toe) on the right side of the body,
and kinematic data were collected at 200 Hz using a motion
capture system (Himawari SP200, Library Co., Ltd.).

2.2 Data Processing
EMG data were high-pass filtered at 10 Hz, rectified,

low-pass filtered at 15 Hz, and normalized by the maximum
value for each muscle and each trial. For the walking task,
the data during the stance phase was extracted and used for
the analysis.

Muscle synergies, the basis of muscle activities, were
extracted from the data matrix of EMG recordings using
non-negative matrix factorization (NMF). The number of
the muscle synergies was determined by the least number
of synergies that could account for greater than 90% of the
overall variance accounted for (VAF) and for 75% of each
muscle data (i.e., VAF > 0.75 in each EMG data) in each
task [2].

The similarity of the muscle synergies between the walk-
ing and each slackline task was evaluated by the correlation
coefficient r between their muscle synergy vectors. Muscle
synergy pairs with r > 0.661 which corresponds to the criti-
cal value for 14 muscles at p= 0.01 were considered similar.
We call the muscle synergy pairs that satisfy this criterion as
common muscle synergies in the following.

3 Results and Discussion

We analyzed common muscle synergies by the data sets
obtained from five subjects. The number of extracted mus-
cle synergies were 5 to 6 in the walking task and 2 to 5 in
the slackline tasks. In four out of the five subjects, 1 to 4
common muscle synergies were found between walking and
both of slackline tasks. There were some differences in the
muscle components of the common synergies among sub-



jects; however, the common synergy involving muscles for
the abduction of the hip joint such as tensor fasciae latae
(TFL) and gluteus medius (Gmed) was commonly observed
in the four subjects (Fig. 1).

Fig. 2 shows the temporal change (mean±SD) in the ac-
tivation level of a common muscle synergy during the stance
phase of walking computed over successive 38 strides of a
subject. As shown in this example, the common muscle syn-
ergies of all subjects were activated from the first half to
the middle of the stance phase. The results suggest that the
common muscle synergies play a role of posture control that
brings the center of mass (COM) position on the stance leg
onto the other leg by the abduction of the hip joint, in other
words, they work for the stabilization of the posture in the
lateral direction. The fact that such muscle activities were
found not only in the walking task but also in the slackline
tasks suggests that these activities would not be recruited by
a feedforward type control system such as the central pattern
generator (CPG) for walking but by a reflex system triggered
by some sensory information.
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Figure 1: Typical common muscle synergies between the
walking and slackline (big toe condition) tasks.
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Figure 2: Activation level of (mean±SD) of a common
muscle synergy during the stance phase of walking.

4 Conclusion

In this research, we compared the muscle activities of
walking and slackline tasks. As a result, common mus-
cle synergies involving muscle activities that abduct the hip
joint were extracted, suggesting that they work as a posture
control in the lateral direction which brings the COM on the
stance leg back to the other leg.

Few studies have investigated the neural mechanism that
induces the tremor in the foot observed in the slackline tasks.
Keller et al. [1] explained that the tremor seemed to be
caused by H-reflexes. Furthermore, Sayenko et al. [3] re-
ported that the H-reflexes during standing were affected by
plantar sensation. These reports suggest that the common
muscle synergies found in our study might be induced by
the change in plantar sensation on the unstable slackline and
during walking. Owaki et al. [4] have reported that auditory
feedback of plantar sensation enhanced the walking perfor-
mance of stroke patients with hemiparesis. This report also
indicates the importance of the muscle activities triggered
by plantar sensation during walking. Our next goal is to
investigate how plantar sensation evokes muscle synergies
contributing to posture control during walking.
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