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Effect of walking surface perturbation
training on slip propensity and local dynamic
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Abstract. The objective of the current study was to evaluate the effect of walkway perturbation training on human dynamic
walking stability and slip propensity. A new walkway perturbation training program was developed using an instrumented,
split-belt treadmill. Walkway surface perturbation was composed of multiple, randomized perturbation pulses. Each pulse was
created by sudden accelerating the treadmill belt underneath the dominant foot briefly. Five healthy older adults were involved
in a laboratory study. An inertial measurement unit was attached to the subject’s low back region to record 3D acceleration.
Maximum Lyapunov exponent (maxLE) and transitional acceleration of whole body center of mass (TA_COM) were com-
puted to quantify the local dynamic stability and slip propensity, respectively. The results indicated a significant training effect
on both maxLE and TA COM. It was concluded that the walkway perturbation training program significantly improved local

dynamic stability and reduced slip propensity.
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1. Introduction

Fall accidents continue to be a serious threat to the
health of the elderly. In 2007, over 18,000 older
adults died from falling [9]. In 2009, 2.2 million old-
er adults visited emergency departments for nonfatal
fall injuries [1]. To that end, developing innovative
fall intervention strategies to prevent falls among
older adults has been categorized as Tier 1 research
priority by CDC [9]. Recently, a novel perturbation-
training paradigm emerged, suggesting that an indi-
vidual can adaptively enhance his/her stability [10].
This paradigm is based on the motor learning theory
that an individual’s own neuromuscular and reflexive
protective mechanisms against balance loss can be
developed or enhanced with repeated perturbations
[11]. However, the efficacy of such training still
needs to be established. Therefore, the objective of
the current study was to evaluate the effect of the
walkway perturbation training on human dynamic

walking stability and slip propensity. It was hypothe-
sized that after walkway perturbation training, an
individual would improve his/her local dynamic sta-
bility and reduce his/her slip propensity.

2. Methods

Five female older adults (mean/SD, age: 71.4/2.6
years; weight: 63.7/8.7 kg; height: 163.7/4.9 c¢cm )
were involved in a laboratory study. All the partici-
pants were healthy and free from major musculoske-
letal disorders. The study protocol was approved by
the Committee for Protection of Human Subjects at
University of Houston. Informed consent was ob-
tained from each subject. The experiment was com-
posed of three sessions: baseline, perturbation train-
ing, and assessment. During the baseline and assess-
ment sessions, one inertial measurement unit (IMU,
Xsens, The Netherlands) was attached to the partici-
pant’s low back region (i.e., L5/S1) to measure 3D

*Corresponding author. E-mail: jliu30@uh.edu , Tel: 713-743-9045, Fax: 713-743-9860

1051-9815/12/$27.50 © 2012 — IOS Press and the authors. All rights reserved



J. Liu and S. Kim / Effect of Walking Surface Perturbation Training on Slip Propensity 3353

acceleration at a sampling of 100Hz. Each participant
walked on an instrumented split-belt treadmill at
his/her self-selected speed (mean/SD: 1.2/0.2 m/s).
One 2-min trial of low back 3D acceleration was tak-
en in both baseline and assessment sessions. During
the perturbation training session, 16-min walking
with surface perturbations was introduced to each
participant. Walkway surface perturbation was com-
posed of multiple, randomized perturbation pulses.
Each perturbation pulse was created by sudden acce-
lerating (5m/s”) the treadmill belt underneath the do-
minant foot for 0.5s. Each perturbation was induced
at the time of heel contact, which was determined by
the embedded force plate (i.e., vertical force exceeds
7N). The time interval between consecutive perturba-
tion pulses was randomized between 1 to 5 gait
cycles.

Local dynamic stability, as quantified by maxi-
mum Lyapunov exponent (maxLE), was calculated
from the 2-min vertical low-back acceleration using
published method [6, 8]. Slip propensity was quanti-
fied by transitional acceleration of whole body center
of mass (TA_COM), which was determined as the
anterio-posterior low-back acceleration at the time of

(a)

Mean{maxLE)

© © © =
= [#3] v — "]
1 1 L L

e
[
|

Assessment Baseline

Condition

heel contact [7]. One-way within-subject ANOVA
was performed in JMP 8.0 (SAS Institute Inc., Cary,
NC), with one independent variable (condition: base-
line and assessment) and two dependent variables
(maxLE and TA COM). The significant level was
setas o= 0.05.

3. Results

There was a significant condition effect on both
maxLE (p = 0.0070) and TA_COM (p = 0.0465).
Specifically, there was a 21% decrease in maxLE
during the assessment session than during the base-
line session (Figure 1a), which indicated an improved
local dynamic stability after the walkway perturba-
tion training. In addition, there was a 62.5% increase
in TA_ COM during the assessment session than dur-
ing the baseline session (Figure 1b), which indicated
a reduced slip propensity after the walkway perturba-
tion training.
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Figure 1 — Mean maxLE and TA_COM by condition. Error bar indicates 1 standard error.

4. Discussions

The current study aimed to evaluate the effect of
the walkway perturbation training on human dynamic
walking stability and slip propensity. The study re-
sults supported both hypotheses that after walkway
perturbation training, an individual significantly im-

proved his/her local dynamic stability and reduced
his/her slip propensity. Although the concept of per-
turbation training is not new, the current study pre-
sented a new method to induce walkway perturbation
training, which utilized the unique feature of an in-
strumented split-belt treadmill. Through further de-
velopment and validation, it is anticipated that such
training method and instrument can be incorporated
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into an effective fall prevention program for commu-
nity dwelling elderly.

The concept of local dynamic stability has been
utilized in many different aspects of human move-
ment studies [2, 3]. Our previous research has dem-
onstrated that local dynamic stability could differen-
tiate fall-prone elderly from healthy counterparts [6,
8]. The results from the current study showed that
local dynamic stability could also be used as a sensi-
tive measure to evaluate the effectiveness of a fall
prevention program.

The walkway perturbation training in the current
study also reduced the risk of slipping as evidenced
by a significant increase in TA_ COM. TA COM has
been utilized as an important biomechanical parame-
ter in slips and falls research since 2003 [7]. A signif-
icant and strong linear correlation [4, 7] has been
found between TA COM and the required coeffi-
cient of friction, which is a direct indicator of slip
propensity. Slower whole body COM transfer (i.e.,
higher TA_COM) was also regarded as a contribut-
ing factor for slip-induced falls [7], as higher
TA_COM could help individuals to retract their slip-
ping foot or progress their COM forward closer to
slipping foot [5]. Therefore, the current results may
implicate that the training program could enhance the
participants’ capability to recover from slip-induced
falls.

As a pilot investigation, the current study is facing
various limitations, which include limited sample
size and homogenous participant population (i.e.,
healthy female elderly). In addition, retention effect
also warrants further investigation for any types of
training program. To what degree that the perturba-
tion training effect can be transferred to situations
such as slip-induced falls in daily life also needs fur-
ther exploration.

In summary, a new walkway perturbation training
program is presented in the current study. It has been

demonstrated that this training could significantly
improve the local dynamic stability and reduce the
slip propensity.
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