Prevention of Slip-Related Falls Among Older Adults

54 Marigold DS, Patla AE. Strategies for dy-
namic stability during locomotion on a
slippery surface: effects of prior experi-
ence and knowledge. J Neurophysiol.
2002;88:339-353.

55 Dietz V, Trippel M, Discher M, Horstmann
GA. Compensation of human stance per-
turbations: selection of the appropriate
electromyographic pattern. Neurosci Lelt.
1991;126:71-74.

56 Pai YC, Wening JD, Runtz EF, et al. Role of
feedforward control of movement stability
in reducing slip-related balance loss and
falls among older adults. J Neurophysiol.
2003;90:755-762.

57 Pavol MJ, Pai YC. Feedforward adaptations
are used to compensate for a potential loss
of balance. Exp Brain Res. 2002;145:
528-538.

58 Owing TM, Pavol MJ, Grabiner MD. Mech-
anisms of failed recovery following pos-
tural perturbations on a motorized tread-
mill mimic those associated with an actual
forward trip. Clin Biomech. 2001;16:
813-819.

59 Scheidt RA, Dingwell JB, Mussa-Ivaldi FA.
Learning to move amid uncertainty. J Neu-
rophysiol. 2001;86:971-985.

60 Atkeson CG. Learning arm kinematics and
dynamics. Annu Rev Neurosci. 1989;12:
157-183.

61 Wolpert DM, Ghahramani Z. Computa-
tional principles of movement neuro-
science. Nat Neurosci. 2000;3(suppD:
1212-1217.

62 Cham R, Redfern MS. Changes in gait
when anticipating slippery floors. Gait
Posture. 2002;15:159-171.

63 Bhatt TS, Pai YC. Long-term retention of
gait stability improvements. J Neuro-
Dphysiol. 2005;94:1971-1979.

64 Vetter P, Wolpert DM. Context estimation
for sensorimotor control. J Neurophysiol.
2000;84:1026-1034.

65 Woollacott MJ, Shumway-Cook A, Nashner
LM. Aging and posture control: changes in
sensory organization and muscular coordi-
nation. Int J Aging Hum Dev. 19806;23:
97-114.

66 Heiden TL, Sanderson DJ, Inglis JT, Sieg-
mund GP. Adaptations to normal human
gait on potentially slippery surfaces: the
effects of awareness and prior slip experi-
ence. Gait Posture. 2006;24:237-246.

67 Reynolds RF, Bronstein AM. The broken
escalator phenomenon: aftereffect of
walking onto a moving platform. Exp
Brain Res. 2003;151:301-308.

68 Walker MP, Brakefield T, Hobson JA, Stick-
gold R. Dissociable stages of human memory
consolidation and reconsolidation. Nature.
2003;425:616 - 620; comment 571-572.

69 Krakauer JW, Shadmehr R. Consolidation
of motor memory. Trends Neurosci.
2006;29:58 - 64.

70 Kandel ER. The molecular biology of
memory storage: a dialogue between genes
and synapses. Science. 2001;294(5544):
1030-1038.

71 Kawato M, Furukawa K, Suzuki R. A hier-
archical neural-network model for control
and learning of voluntary movement. Biol
Cybern. 1987;57:169 -185.

72 Forssberg H, Grillner S, Rossingnol S.
Phase dependent reflex reversal during
walking in chronic spinal cats. Brain Res.
1975;85:103-107.

73 Drew T, Jiang W, Widajewicz W. Contri-
butions of the motor cortex to the control
of the hindlimbs during locomotion in the
cat. Brain Res Brain Res Rev. 2002;
40(1-3):178-191.

74 Shadmehr R, Holcomb HH. Neural corre-
lates of motor memory consolidation. Sci-
ence. 1997;277(5327):821-825.

75 Anstis S. Aftereffects from jogging. Exp
Brain Res. 1995;103:476-478.

76 Earhart GM, Jones GM, Horak FB, et al.
Podokinetic after-rotation following unilat-
eral and bilateral podokinetic stimulation.
J Neurophysiol. 2002;87:1138-1141.

77 Shadmehr R, Mussa-Ivaldi FA. Adaptive
representation of dynamics during learn-
ing of a motor task. J Neurosci. 1994;14:
3208-3224.

78 Cunningham HA, Welch RB. Multiple
concurrent visual-motor mappings: im-
plications for models of adaptation. J
Exp Psychol Hum Percept Perf. 1994;20:
987-999.

79 van Hedel HJ, Biedermann M, Erni T, Dietz
V. Obstacle avoidance during human walk-
ing: transfer of motor skill from one leg to
the other. J Physiol. 2002;543(Pt 2):
709-717.

80 Tjernstrom F, Fransson PA, Hafstrom A,
Magnusson M. Adaptation of postural con-
trol to perturbations: a process that ini-
tiates long-term motor memory. Gait Pos-
ture. 2002;15:75-82.

81 Schwabe A, Drepper J, Maschke M, et al.
The role of the human cerebellum in
short- and long-term habituation of pos-
tural responses. Gait Posture. 2004;
19:16-23.

82 Del Rey P. Training and contextual inter-
ference effects on memory and transfer.
Res Q Exerc Sport. 1989;60:342-347.

83 Markowitsch HJ, Kessler J, Streicher M.
Consequences of serial cortical, hip-
pocampal, and thalamic lesions and of dif-
ferent lengths of overtraining on the ac-
quisition and retention of learning tasks.
Bebhav Neurosci. 1985;99:233-256.

84 Bhatt TS, Wang E, Pai YC. Retention of
adaptive control over varying intervals:
prevention of slip-induced backward bal-
ance loss during gait. J Neurophysiol.
20006;95:2913-2922.

85 Adkin AL, Frank JS, Carpenter MG, Peysar
GW. Postural control is scaled to level of
postural threat. Gait Posture. 2000;12:
87-93.

86 Carpenter MG, Frank JS, Silcher CP, Peysar
GW. The influence of postural threat on
the control of upright stance. Exp Brain
Res. 2001;138:210-218.

87 Schacter DL, Dobbins IG, Schnyer DM.
Specificity of priming: a cognitive neuro-
science perspective. Nat Rev Neurosci.
2004;5:853-862.

88 Guide to Physical Therapist Practice. 2nd
ed. Phys Ther. 2001;81:9-746.

Invited Commentary

Catherine M Said

I congratulate Pai and Bhatt on this
elegant review,! which provides a
comprehensive overview of the very
exciting work on slips done by their
research team. I agree with the au-
thors that this work is highly rele-
vant given the high costs of falls in
our society, particularly as the major-
ity of falls occur during dynamic
tasks, such as walking. The novel
method that they have developed

and utilized for quantifying stability
during dynamic tasks has allowed
the team to develop new insights
into the mechanisms behind slips
and falls. In addition, the model and
method they have developed will al-
low stability during other dynamic
tasks to be explored. In this com-
mentary, however, I will focus on
the implications of this research for
clinical practice.

An Early Predictor of

Fallers?

Although the authors emphasize the
implications of their research for
training, future development of this
research also may lead to better iden-
tification of people at risk for falling.
Current testing methods are able to
identify people who are at high risk
for falls or who are already falling.?
However, early identification of peo-
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ple who are at risk for becoming a
“faller” is still difficult. A test such as
the “slip” test may be more sensitive
than other tests. The slip test is chal-
lenging, as it provides an unex-
pected external perturbation during
a dynamic task. Currently, there are
no clinical tests widely available that
test this aspect of postural control. In
addition, performance on the test
can be quantified. These features
may assist in early identification of
people who are at risk for falls. This
would allow targeted treatment pro-
grams to be implemented earlier,
which may help prevent falls. How-
ever, to date, the relationship be-
tween falls and performance on the
slip task in the laboratory and falls
in the “real world” has not been
examined. So, although there is
real potential for this research to
lead to changes in the way in which
people at risk for falls are identi-
fied, prospective exploration of the
laboratory/real-world relationship
would be necessary.

A Novel Method of Fall

Prevention

As pointed out by the authors, cur-
rent interventions for fall prevention
or balance training do not focus on
promoting reactive strategies. Cur-
rently, clinical balance retraining is
strongly focused on training pro-
active control of stability. This re-
view presents evidence that reactive
strategies also can be trained. Upon
repeated exposure to the slip condi-
tion, participants modified their
movement patterns both proactively
and reactively to reduce the chance
of a fall. There is evidence that these
modifications can be retained over
time, with a relatively low intensity
of training. But before therapists
start training reactive balance con-
trol in their clients, some issues need
to be considered.

First, it is not known how applicable
these findings are to the types of
clients physical therapists currently

treat. Generally, we treat clients who
have a balance problem and are at
high risk of a fall. All of the subjects
included in these trials to date have
been unimpaired and have no his-
tory of falls or balance problems. Al-
though the results of these studies
are promising and indicate that reac-
tive strategies can be trained, the
same level of improvement may not
be observed in subjects with balance
problems. People with a history of
falls also may experience greater lev-
els of fear and anxiety during train-
ing,> which also may affect the suc-
cess of training. Examination of
training protocols in clinical popula-
tions is an important area of future
investigation.

Second, whether training reactive
strategies in the laboratory or clinical
environment can transfer to the real
world has yet to be established. Sev-
eral factors may limit transfer of the
skill trained using this paradigm. In
these experiments, even though
there were a number of “nonslip”
trials, participants were all aware
that there was a chance that a slip
may occur. In addition, subsequent
slips were all under exactly the same
environmental conditions, and no
competing demands or distractions
were placed on subjects. This differs
from the real-world environment,
where slips are not always predicted
and occur under varying environ-
mental conditions and often with
competing attentional demands. The
motor learning literature suggests
that for optimal transfer of a skill,
practice needs to occur under vari-
able conditions,* so it is likely that
practice under more varied condi-
tions is required to maximize the
transferability of this skill. Although
the results of these studies are prom-
ising, training and testing need to be
undertaken in more ecologically
valid conditions, and additional evi-
dence about the effectiveness of this
training on fall prevention is
required.

Finally, how training of reactive strat-
egies can practically be performed in
the clinical environment needs to be
considered. To train reactive strate-
gies, a person must lose stability,
which carries with it the risk of a fall.
The risk of a fall is probably greater
in clinical environments, as clients
usually have a balance problem. In
addition, safety equipment such as
the harness system used in the labo-
ratory setting is not always available
in the clinical setting. Common
methods of reducing falls risk during
balance training are to have a wall or
rail alongside the patient or to have a
therapist beside the patient to assist
in balance recovery. Both of these
methods are suboptimal. Relying on
upper-limb support to assist balance
recovery changes the nature of the
reactive strategies utilized>®; there-
fore, training may not be optimal.
Relying on a therapist to provide as-
sistance if stability cannot be re-
gained may place the therapist at un-
acceptable risk of injury; a risk that
would be even greater while training
reactive strategies. Before reactive
balance training can be widely incor-
porated into clinical practice, con-
sideration needs to be given to the
ready availability of appropriate
safety devices, such as harnesses.

Conclusion

The review by Pai and Bhatt high-
lights training of reactive strategies
as an underutilized tool in the pre-
vention of falls. Their research to
date provides a solid foundation for
further work to address many ques-
tions of clinical importance. This
area of investigation may lead to sig-
nificant changes in the way fall
prevention and balance retraining
programs are provided.

CM Said, BAppSci (Physio), PhD, is Physio-
therapy Site Manager, Heidelberg Repatria-
tion Hospital, and NHMRC Research Fellow,
University of Melbourne. Dr Said’s contact
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Author Response

Yi-Chung Pai, Tanvi S Bhatt

We are grateful for Said’s insightful
appraisal of our work,! and we
would like to respond to her thought-
provoking comments, as follows.

An Early Predictor of

“Fallers”?

In concurrence with Said, we be-
lieve that prospective exploration
of the relationship between the lab-
oratory and the “real world” could
provide essential verification of cur-
rent hypotheses. We have recently
examined the relationship between
scores on one of the commonly used
volitional-based performance mea-
sures (the Timed “Up & Go” Test
[TUG]) and slip recovery outcomes,
along with self-reported falls ex-
perienced in the “real world” during
the past 12 months, among the same
group of older adults (>065 years of
age). We found in this prospective
study that 4 (31%) of the 13 re-
spondents reported at least one fall.
The recovery response and, most
notably, variables indicative of a
person’s adaptability to slips were
better predictors of future falls than
the TUG scores after controlling
for the confounding variables of
sex and age. We noted that the num-
ber of subjects in the follow-up por-
tion of this study was relatively
small because of the long interval
between the initial laboratory testing
and the follow-up interview (~30

months). This observation, at the
very least, however, provided a
sound rationale and justification for a
full-scale investigation.

A Novel Method of Fall

Prevention

It is indeed still unknown to what
extent this training paradigm is ap-
plicable to typical clients receiving
physical therapy intervention for a
balance-related problem or other
sensory, motor, or cognitive impair-
ment predisposing them to an ele-
vated risk for falls. It remains likely,
nevertheless, that these individuals
will benefit from a repeated pertur-
bation training paradigm such as this
one because of the promising adap-
tation capabilities of the central ner-
vous system, clearly demonstrated
even in the presence of existing neu-
rological insults.?2-4 Examination of
the extent and the length of training
required to enable these individuals
to adapt to such a training paradigm
and retain the benefits over a mean-
ingful period may shed light on the
specific role of sensorimotor systems
in the adaptation and retention
processes.

We agree with Said that it remains to
be established whether training us-
ing both proactive and reactive strat-
egies in the laboratory or clinical en-
vironment can be transferred to the

“real world.” As a first step, an an-
swer to this question can be found
through a prospective study of falls
experienced in “real world” by the
same people who participated in the
initial training session. Those sub-
jects who have received training are
expected to experience fewer falls
(ie, lower reported incidence) than
the controls. With this kind of first-
hand knowledge, investigation then
can focus on how to improve trans-
fer, which is indeed possible, at least
in theory. Recent findings among
young adults suggest an interlimb
transfer of the repeated-slip training
effects.> These results showed mea-
surable generalization of the training
effects to the contralateral, untrained
side, leading to a significant reduc-
tion in falls incidence from ~30% on
the first unexpected slip to ~10% on
the first untrained side slip in gait.
Our preliminary results indicated a
similar, if not an even better, effi-
ciency of transfer among older
adults than young adults. Investiga-
tion also is under way focusing on
intertask transfer. Although transfer
theoretically can be improved when
practice is carried out under variable
conditions, future studies need to de-
termine how variable these condi-
tions must be in order to augment
the transfer of the intended effects,
obtained from the laboratory and
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clinical settings, to the real-life

conditions.

Logistically, demonstrating that the
benefits acquired in a single training
session can be retained for months
and beyond is a necessary prerequi-
site for further consideration of the
related transfer issues. One of the
unique properties of this paradigm is
this suspected outstandingly long
sustainability of the training effects,
and this opens up the attractive pros-
pect of developing a vaccination-like
intervention against falls incidence
among older adults. As of now, we
still need to demonstrate that the
benefits from this single-session slip
exposure can be retained in older
adults for very long intervals (eg, 6
months to a year). Without this reten-
tion capability, multisession weekly or
monthly clinic costs may render this
approach unpromising. The need for
investigation and solution of related
transfer issues, thus, would be corre-
spondingly diminished.

Finally, we again agree with Said
that many practical issues pertain-
ing to implementation and perhaps
even reimbursement for services
will have to be resolved before it
will be possible to carry out training
of the proactive and reactive strate-
gies with systematically induced, un-
announced perturbation in the clini-
cal environment. The safety issue is
indeed a paramount concern. The
risk of injury can be minimized by a
proper reduction of slip distance
and by application of protective har-
nesses, which we believe can be
made available in the clinical setting
at an affordable cost. It is possible
to envision multipurpose, low-cost
harness systems that can be as com-
mon as the standard parallel bars
used in rehabilitation settings. With
the safety issue finally resolved, these
evidence-based prospects, which in-
corporate principles of prophylactic
practice, could well have far-reaching
benefits, even for populations beyond
those encountered in the current clin-
ical settings.

Conclusion

From laboratory to clinic, we are
embarking on a road that has yet
to be clearly mapped. Hopefully,
we have succeeded in making the
case that this road is well worth
traveling.

The authors thank Dr James M Girsch and Dr
Mary Keehn for reading and commenting on
this author response.
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