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A B S T R A C T

Purpose: Informed consent usually provides foreknowledge of experimental methods that can potentially in-
crease expectation of stimuli and, therefore, influence the response. We determined the effects of increased
expectation and trip-specific training on the recovery response following a treadmill-delivered, trip-specific
disturbance. To deliver unexpected disturbances, subjects were deceived during the informed consent process.
The primary hypothesis was that the recovery response following an expected postural disturbance would be
characterized by trunk kinematics that have been shown to decrease the likelihood of a fall, compared to fol-
lowing an unexpected postural disturbance. We further hypothesized that following an unexpected postural
disturbance, the recovery response of the subjects who had completed a trip-specific training protocol would be
more biomechanically favorable to recovery compared to those of subjects who had not received the training.
Methods: Young adults were randomized into Untrained or Trained groups. During the informed consent pro-
cess, the purpose of the study was explained to subjects in both groups as being to determine the effect of trip-
specific training on postural sway while performing an attention-demanding task. Untrained subjects completed
two trials during which they minimized their postural sway. During the second trial, an unexpected disturbance
was delivered while they performed the attention-demanding task. Trained subjects performed a pre-training
postural sway trial, followed by the delivery of a series of expected, training disturbances. Finally, an unexpected
disturbance was delivered while they minimized postural sway and performed the attention-demanding task.
Results: Expectation significantly improved trunk kinematics (p < .05). In addition, participation in the trip-
specific training protocol following the unexpected disturbance the trunk kinematics of the Trained subjects
were more biomechanically favorable to recovery than those of the Untrained subjects (p < .01).
Conclusion: Improved trunk kinematics following trip-specific training may be independent of the extent to
which the disturbance is expected.

1. Introduction

Trip-related falls in the community are usually not accompanied by
prior warning. Reasonably, prior warning by increased awareness of
potential, or imminent environmental threats to balance during loco-
motion, would decrease the number of trip-related falls. Attentive
people seeing a patch of ice on the sidewalk will likely modify their gait
before stepping onto the ice [1,2]. People seeing an obstacle on the
sidewalk may decrease the risk of tripping on it by stepping over or
around it. Expectation of an imminent postural disturbance can influ-
ence the subsequent motor response by modifying one’s neuromuscular
state, or set, to meet the demands of the anticipated postural task and/

or context [3–5].
Expectation of an imminent treadmill-delivered disturbance im-

proves performance of the recovery response compared to when the
disturbance was unexpected. Older women who expected the dis-
turbance demonstrated significantly improved post-disturbance trunk
kinematics and had 35% fewer post-disturbance falls [6]. In particular,
compared to the women who did not expect the disturbances, those
who did expect the disturbances had significantly smaller trunk flexion
angle at the instant of initial recovery step completion (i.e., the instant
that the recovery foot contacts the ground). In addition, women who
expected the disturbances had trunk extension velocity, rather than
trunk flexion velocity, at the instant of recovery step completion. These
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fall vs. no fall differences in trunk kinematics objectively decrease the
likelihood of a fall following trip-specific treadmill-delivered dis-
turbances and laboratory-induced trips. Consequentially, some trunk
kinematic patterns during recovery may be reasonably considered as
more biomechanically favorable to recovery and avoiding a trip-related
fall.

Trip-specific training improves the stepping responses of older
adults [7], unilateral lower extremity amputees [8,9] and post-stroke
patients [10]. However, the previously reported effects of expectation
on the recovery response following a treadmill-delivered disturbance
[6] suggests that the efficacy of a training paradigm could be over-
estimated by improved performance that may reflect the effect of ex-
pectation of the disturbance by the subject. Usually, all subjects have
prior knowledge of an imminent disturbance because of the informed
consent process. Care is typically taken to minimize the ability of re-
search subjects to anticipate when and how postural disturbances are
delivered. However, the informed consent process provides explicit
foreknowledge, sometimes quite specific, of the intent and methods of
the protocol and, in particular, the fact that there will be postural
disturbances. Therefore, because informed consent can potentially in-
crease expectation and anticipation of stimuli, there can be an influence
on the response to the stimulus. Such “research participation effects”
could exert a significant influence on the results [11,12] and, conse-
quently, the subsequent conclusion(s).

Post-disturbance trunk flexion angle and trunk angular velocity
have consistently been reported to be determinants of a fall following
release from forward leans [13] and trip-specific treadmill disturbances
delivered to older adults [14]. Further, these variables have robustly
discriminated middle age and older women who fell from those who did
not fall following trip-specific treadmill-delivered disturbances
[7,15,16] and following laboratory-induced trips [7,17,18]. Specifi-
cally, women who fell had a larger trunk flexion angle and a larger
trunk flexion velocity at the instant of the recovery step completion
compared to the women who did not fall. Consequently, significantly
smaller trunk flexion angle and significantly reduced trunk flexion ve-
locity, or trunk extension velocity, at the instant of recovery step
completion are considered improvements, whether the source is ex-
pectation or training.

In the present study, we modified the previously reported methods
[6] to determine the repeatability of the results. The general issues of
the reproducibility and repeatability of scientific results, as well as the
underlying reasons, has become of increased concern in science
[19–22]. We sought to separate and determine the effect of expectation
and the effect of a brief, trip-specific training protocol on the trunk
kinematics during the recovery response following a treadmill-deliv-
ered postural disturbance. Trip-specific training involves practicing the
recovery response following treadmill-delivered disturbances that re-
quire forward directed steps to avoid falling and that mimic those of a
trip [7,9]. Our primary hypothesis was that the trunk kinematics fol-
lowing an expected postural disturbance, i.e., the delivery of which was
known beforehand, would be more biomechanically favorable to

recovery than those following an unexpected postural disturbance, i.e.,
the delivery of which was not known beforehand. Testing this hy-
pothesis was intended to provide insight about the effect of expectation
independent of the effects of trip-specific training as the Untrained
group did not participate in the training, and because the disturbances
were delivered to the subjects in the trained group prior to the training
protocol.

We also determined if the trip-specific training protocol sig-
nificantly improved the trunk kinematics following the delivery of an
unexpected trip-specific disturbance. We hypothesized that following
an unexpected postural disturbance, the post-disturbance trunk kine-
matics of the Trained subjects would be more biomechanically favor-
able to recovery than those of the subjects who had not participated in
the protocol. Testing this hypothesis was intended to provide insight
about the effect of trip-specific training independent of the effects of
expectation.

2. Methods

2.1. Subjects

Twenty-one healthy, recreationally active young adults (15 male
and 6 female, 23.5 ± 1.5 years, 174.6 ± 6.7 cm, and 79.5 ± 13.3 kg)
participated. All subjects self-reported having had no prior lower ex-
tremity injuries or surgeries, prior back injuries or surgeries, and no
chronic cardiovascular or pulmonary disease. No subjects had prior
experience with treadmill-delivered trip-specific training. All subjects
were assigned, a priori, via balanced randomization, to an experimental
group (referred to as the “Trained” group) that participated in a single-
session of a trip-specific training protocol, or a control group (referred
to as the “Untrained” group) that did not participate in the training
(Fig. 1).

2.2. Experimental protocol

Subjects provided written informed consent prior to participation.
However, the experiment involved deception during the informed
consent to ensure that subjects received no information about the de-
livery of unexpected postural disturbances during the protocol. During
the consent process, subjects were told that the purpose of the study
was to measure the effects of the trip-specific training protocol on
standing postural sway while verbally performing an attention de-
manding (arithmetic) task.

During the protocol, subjects stood on a microprocessor-controlled,
motorized treadmill (ActiveStep, Lebannon, NH) with their feet placed
comfortably apart and their arms relaxed at their sides. All subjects
wore a safety harness that prevented a fall to the treadmill belts if they
were unable to restore their balance after the postural disturbance.
Subjects in the Untrained group were told that the use of the safety
harness and the treadmill duplicated the conditions of the Trained
group.

Fig. 1. Illustration of Trials and Conditions in the experimental protocol
for the Trained and Untrained groups. The between-group statistical
comparisons allowed determination of the effect of expectation on post-
disturbance trunk kinematics (Hypothesis 1 (H1)) and the effects of the
trip-specific training protocol on trunk kinematics following the delivery
of an unexpected disturbance (Hypothesis 2 (H2)).
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