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ABSTRACT

This mini-review focuses on intrinsic risk factors for falls, particularly the changes in motor behavior of faller
older adults. Our purpose is to present evidence that faller older adults exhibit motor behavior changes beyond
the typically investigated standing and walking tasks. We showed initially that postural control alterations with
more prominent differences for fallers than non-fallers seem to depend on postural demands, availability of
sensory information, and tasks performed concomitantly with the balancing task. We also provided evidence that
walking speed is the most consistent aspect to differentiate fallers from non-fallers. This reduction in walking
speed may be a strategy to improve gait stability to avoid a fall. More recent studies have shown that fallers
presented modifications in the control of the prehension movement. These changes suggest that fallers have
changes in movement categories other than balancing and walking, suggesting that fallers’ difficulties are
broader than previously thought. The fact that faller older adults have modifications in the control of upper and
lower limbs is indicative of a change in motor behavior involving gross and fine motor behaviors. The
understanding of a faller as an individual with global changes in motor behavior has important implications for
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fall prevention and rehabilitation programs for these individuals.

KEYWORDS: Aging | Balance | Gait | Prehension

INTRODUCTION

The most recent population-based study showed that the prevalence of falls is
25.1% among older adults in Brazil.! These falls were associated, among other factors,
with fear of falling due to defective sidewalks and fear of crossing streets, two walking-
related factors. It is known that falls occur very often during walking in older adults.23
Therefore, the investigation of changes in walking in older adults with and without a history
of falls (fallers and non-fallers, respectively) has become a vital paradigm to identify factors
that can differentiate fallers from non-fallers and understand why some older adults fall.

Falls represent a critical health problem for older adults. It may restrict activities of
daily life, cause fractures and hospitalization, and is one of the leading causes of
unintentional injury deaths amongst this age group.® Hence, it is essential to know the
reasons that lead older adults to fall to thoughtfully plan intervention programs to reduce
the risk of falls.

The fact that not all older adults fall, suggests that the fallers share some
characteristics that make them more predisposed to these events than the non-fallers.
Risk factors for falls are categorized into extrinsic and intrinsic factors.# The extrinsic
factors relate to environmental characteristics, whereas the intrinsic factors include
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characteristics of the individual. Among the intrinsic factors for falls, impaired balance and
gait are considered as the major risk factors.*8 This mini-review focuses on intrinsic factors,
particularly the changes in motor behavior of faller older adults. The studies we included in
this mini-review investigated only older adults. Studies about falls in younger adults were
not considered. Therefore, when we refer to fallers and non-fallers throughout the text, we
consider only older adults.

As impaired balance and gait are relevant risk factors for falls, we first briefly
review studies to provide evidence of balance and gait problems in fallers. In the sequence,
we will review studies that have assessed the influence of fall history in manipulative tasks
(i.e., reaching and grasping). The studies about upper limb tasks suggest that motor
behavior in older adult fallers is not characterized only by balance and gait problems, but
also by changes in upper limb control. These results led us to propose that fallers have a
change in their motor behavior that goes beyond the typically observed balance problems
of this population. Therefore, our aim is to present evidence that older adult fallers exhibit
changes in their motor behavior beyond the typically investigated standing and walking
tasks. We argue that these broad changes in motor behavior reflect a common mechanism
characterizing the motor control of these individuals.

POSTURAL CONTROL IN FALLER AND NON-FALLER OLDER ADULTS

An increase in postural sway in older adults can be interpreted in different ways.’
A more traditional approach favors the interpretation that an increase in postural sway and
speed indicates an impaired postural control (i.e., postural imbalance). In contrast, a
different approach claims that this increase in postural sway could result from an
exploratory phenomenon. Based on the traditional approach, an increase in postural sway
and speed has been identified as a risk factor for falls in older adults.8-11

Although older adult fallers show greater postural sway and speed than non-fallers,
8-11 these findings are not consistent across studies.89.12-14 Melzer et al.8 found that fallers
increased postural sway and speed compared to non-fallers, but only when standing in a
narrow base of support. In a wide base of support, they observed no difference between
those groups. On the other hand, Johansson et al.'" identified an increase in postural sway
for fallers using a wide base of support with eyes open and closed. Batistela et al.'? tested
fallers and non-fallers in a narrow base condition and did not find any difference between
these groups in postural sway and speed measures. Lazaro et al.’® observed that
recurrent fallers showed greater postural instability than non-fallers when visual and
proprioceptive conditions changed, especially when both sensory inputs were
simultaneously abolished. MUjdeci et al.'* indicated that dynamic balance was negatively
affected in faller older adults. Moreover, the use of the Sensory Organization Test showed
that fallers differed from non-fallers only in conditions involving swayed-referenced
surround and/or support surface.®1* These findings indicate that fallers could not
compensate for challenges to balance, particularly when visual and proprioceptive inputs
were unreliable.

The task of standing is most often completed while simultaneously performing
additional cognitive tasks such as talking or reading (i.e., dual-task situation). Thus,
coupling upright standing with a cognitive task can further contribute to understanding
postural control in fallers. Studies investigating balancing tasks combined with cognitive
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tasks (e.g., mental tracking/working memory tasks, verbal fluency tasks, discrimination
tasks) showed divergent results when comparing fallers and non-fallers.'6-'® Dual-task
either increased'® or did not contribute to the prediction of future falls.20

In retrospective studies, the presence of a cognitive task performed silently (i.e.,
mentally counting the number of a stimulus) reduced postural sway in fallers and non-
fallers. Batistela et al.’2 investigated postural control when standing upright while
performing a cognitive-visual task (i.e., a Stroop task). They observed no difference in
postural sway between fallers and non-fallers with eyes open and feet together. Similarly,
Uiga et al.'® did not find any difference between fallers and non-fallers in several postural
sway parameters in the presence of an auditory-cognitive task (counting the number of
high-pitched tones) while standing with eyes open and feet apart. Both groups reduced
postural sway and speed when performing the auditory-cognitive task. These findings
suggest a functional integration between postural and cognitive tasks such that fallers and
non-fallers reduced postural sway to facilitate the execution of the cognitive task.
Therefore, the ability to functionally modulate postural sway in support of a supra-postural
task does not seem to be degraded in fallers.

Since fallers seem to increase their postural sway in more challenging balancing
tasks, a recent study from our group attempted to increase the demand of the balancing
task by combining feet-together posture with the absence of visual informationi. We tested
the effect of haptic inputs on postural sway in fallers and non-fallers. Even with this
additional manipulation, there was no difference in postural sway between fallers and non-
fallers. These results suggest that older adults, irrespective of their history of falls, could
still combine the haptic input provided by light touch and anchors to further reduce postural
sway. These results highlight that fallers have a preserved adaptive capability to modulate
postural sway in the presence of a cognitive task and additional sensory input.

These findings are not completely surprising. Recently, Hortobagyi et al.’
proposed a debate about the accuracy of postural sway to measure fall risk and predict
future falls in older adults. The lack of predictive validity suggests that postural sway may
not be sensitive enough to capture differences between fallers and non-fallers. Differences
between fallers and non-fallers seem to be more robust and visible in dynamic tasks like
walking.2! In fact, most falls in older adults occur while walking, especially on uneven
terrains.23 Therefore, even in a high-demand balancing task, some studies'2i did not find
differences in postural sway between fallers and non-fallers, reflecting that the upright
stance may not be an adequate task to differentiate between older adults with and without
a history of falls.

In summary, the history of falls is indicative that fallers have balance impairments,
but the upright stance task may not adequately capture these problems. Differences
between fallers and non-fallers in postural sway were not often observed, except when
sensory input was less reliable. Interestingly, fallers were able to reduce postural sway in
the same way as non-fallers in the presence of a cognitive task and when haptic inputs
were available by means of light touch and anchors, which indicate they have the ability to
modulate postural sway.

Moraes R, Bedo BLS, Arpini VM, Batistela RA, Santiago PRP, Mauerberg-deCastro E. Light touch with two contact
points reduces postural sway more effectively in older adult fallers and non-fallers than do haptic anchors. Submitted
for Publication.
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CONTROL OF WALKING IN FALLER AND NON-FALLER OLDER ADULTS

The performance of successful locomotion depends on progression, stability, and
adaptation to environment and task demands.2? To cope with that, older adults change
their walking, including a reduction in gait speed and an increase in step width to ensure
gait stability.2324 |n addition, there are differences in gait variables among older adults who
have suffered at least one fall in recent months compared to older people who have not
experienced recent falls.2125-27

Different studies revealed spatial-temporal gait parameter changes between fallers
and non- fallers when walking on a flat terrain.28 One of the major changes in fallers’
walking is speed reduction. In a systematic review, Mortaza et al.2 examined twelve
studies that compared fallers and non-fallers, and they found that eight of those studies
identified a reduction in walking speed for the fallers. Another important observation of this
systematic review was that fallers increased step width and double support duration
compared to non-fallers. Fujimoto and Chou2? showed that fallers exhibited a larger margin
of stability than non-fallers. The increase in double support duration contributes to body
stability. The changes in walking speed and step width can also be interpreted as stability-
related since slower walking speed and a large base of support are associated with a
larger margin of stability during walking,2%-3! although some authors have argued that
reduction in gait speed can compromise stability.32-35 This modification can be interpreted
as a compensatory strategy such that older adults, particularly fallers, seem to emphasize
stability and reduce the weight of other cost functions during walking (e.g., oxygen
consumption).36

Fallers exhibited higher stride time variability than non-fallers.26.27 Svoboda et al.3”
showed that fallers increased gait variability in both self-selected and imposed gait speeds.
When walking over an obstacle, fallers showed greater variability in step length and time
than non- fallers.®8 This increase in gait variability has been associated with a higher risk of
falling;26 however, it is not possible to establish whether variability is a cause of falls or a
consequence of cautious gait due to previous falls.38

When dealing with adaptive locomotion, fallers also present differences in the
anticipatory control compared to non-fallers. When stepping on targets during walking,
older adults with a high risk of falling deviated their gaze from the target before stepping on
it when requested to step on a second target place three steps ahead, whereas older
adults with a low risk of falling deviated their gaze from the first target only after stepping
on it.3940 This early gaze shift correlated to medial-lateral foot placement variability, which
is associated with falls in older adults. Similarly, when stepping over a small obstacle,
fallers shifted their gaze from the obstacle earlier than non-fallers, but only in the dual-task
context.4" Moreover, when walking in a real-world environment (with other people walking
around), fallers fixated their gaze on the immediate surrounding environment for a shorter
duration than non-fallers.2! Chapman and Hollands®940 suggested that fallers prioritized
planning future actions over the accurate execution of the ongoing step during demanding
walking tasks. This strategy may increase the risk of falling as it compromises the
execution of the ongoing step. In addition, this earlier gaze transfer was associated with a
higher level of anxiety in older adults with a high risk of falling.#2 The presence of threats to
stability in the environment can increase anxiety and make the individuals with a high risk
of falling to transfer their gaze earlier. Additionally, when walking in high-threat
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environments, fallers have more worries or disturbing thoughts (i.e., negative
consequences of a fall) than non-fallers, which can reduce the availability of attentional
resources that could be used for gait control.43

Falls in older adults occur very often following trips and slips.244 This observation
indicates a deficit in reactive control in fallers during walking. In a meta-analysis involving
reactive stepping, Okubo et al.4° found that fallers needed more steps to recover from a
perturbation than non-fallers. This finding suggests that fallers perform reactive steps of
smaller magnitudes that can be insufficient to prevent a fall.

In terms of changes in neuromuscular control, fallers increased the coactivation of
the tibialis anterior and medial gastrocnemius muscles during both stance and swing
phases compared to non-fallers when perturbed by a continuous mediolateral optic flow
perturbation while walking on a treadmill in a virtual environment.#8 This coactivation
reflects a neuromuscular strategy to reduce the effects of the perturbation over gait
stability by increasing joint stiffness, which is a typical strategy used by older adults,*” and
it is further used by fallers when faced with more perturbing contexts. In terms of muscle
synergies, Allen and Franz*® found that fallers during unperturbed and perturbed walking
(i.e., the same optic flow perturbation) exhibited less complexity in neuromuscular control
by presenting a reduced number of synergies and more variance accounted for the first
muscle synergy. They also found a negative association between the number of muscle
synergies and the local dynamic instability, but only during perturbed walking. Similarly,
older adults who could not recover their balance after an induced slip during walking
exhibited less complexity in the neuromuscular response than those who recovered.+?
These findings suggest that fallers use a reduced motor repertoire that constrains their
ability to deal with balance challenges during walking. This change in neuromuscular
control could result from peripheral and/or central neural impairments due to aging or even
due to fear of falling, which can increase muscle coactivation.*® These aspects need to be
further explored in future studies.

In summary, walking speed is the most consistent aspect to differentiate fallers
from non-fallers. This reduction in walking speed may be a strategy to improve gait stability
to avoid a fall. When proactively dealing with a perturbation during gait, fallers tend to
prioritize planning future gait adaptations over the accurate execution of the ongoing step.
Fallers also present a smaller set of muscle synergies to walk in unperturbed and
perturbed walking contexts. This reduced ability to recruit more muscle synergies may
compromise the possibility of responding accordingly to the different perturbations present
during walking.

UPPER LIMB CONTROL IN FALLER AND NON-FALLER OLDER ADULTS

Studies investigating tasks involving upper and lower limbs have contributed to a
better understanding of the changes in motor behavior in faller older adults.'7:505" These
studies show that the differences between fallers and non-fallers are not constrained to
balance and gait; changes in upper limb tasks were also observed.

In a balancing task following a perturbation of the support surface, fallers and non-
fallers had to reach and grasp a handrail. Although both reaction and movement time did
not differ between groups, fallers had more errors in grabbing the handrail than non-fallers,
but only when performing a concurrent cognitive task.'” The cognitive task may overload
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the capacity to properly plan the grasping task resulting in more errors for the fallers.
Grasping an object while standing or walking is widely performed during daily activities
(e.g., picking up a glass, shopping, eating, and others). The combined task of walking and
reaching-to-grasping (i.e., prehension) an object has been studied in young adults.52-56 An
important aspect of these studies is that walking and prehension are mutually modified to
accommodate the execution of the manual task. In older adults, Delbaere and colleagues®’
observed that older adults often avoid performing the combined task of reaching for an
object while walking.

We have investigated this compound task in faller and non-faller older adults.505!
When walking and reaching for an object, older adults with a history of falls reduced step
speed and increased step width and duration compared to non-fallers.50 There is also an
increase in the margin of stability in fallers compared to non-fallers, most probably due to
this reduction in gait speed. This increase in the margin of stability is important to ensure
stability while reaching for the object. Santos et al.5' investigated the combined task of
walking while grasping, transporting, and placing an object on a predetermined target. The

only gait parameter they assessed was the margin of stability at object contact and release.

In both instants, there was no difference between fallers and non-fallers for the margin of
stability. These findings indicate that fallers could preserve or even improve their margin of
stability when performing an upper limb task compared to non-fallers. These findings seem
counterintuitive to the overall notion that fallers have balance problems; however, because
fallers usually fear falling, they preferred to use a cautious strategy to perform the walking
combined with prehension.

This cautious strategy is evident in the finding that fallers could not perform
walking and prehension simultaneously.®® When assessing the center of mass (COM)
velocity in the anterior-posterior direction, faller older adults reduced their velocity more
than non-fallers when approaching for grasping a dowel. In the most challenging
conditions (i.e., obstacles close to the dowel), this reduction in COM velocity was almost
twice the reduction observed for non-fallers. This finding indicates that fallers almost
stopped walking to grasp the object, whereas the non-fallers were able to keep walking
while grasping the object. In the sit-to-walk task, fallers also substantially reduced COM
forward velocity at seat-off than non-fallers. This result can also be interpreted as a
decoupling of these two tasks.8 In other words, fallers seem to stand and then initiate gait,
whereas non-fallers initiate gait while finishing standing. These findings suggest that fallers
have difficulty in combining motor tasks and avoid performing them concomitantly.

Beyond the changes in gait, fallers exhibited modifications in reaching and
grasping movements. Faller older adults presented a generalized slowing down in
prehension during both standing and walking tasks.5° For the reaching component of the
prehension task, fallers presented longer duration and lower peak wrist velocity than non-
fallers. For the grasping component, fallers showed lower peak grip aperture velocity than
non-fallers. This slowing down can indicate a cautious strategy or the need for extra time
for planning the upper limb movement. In addition, peak grip aperture occurred earlier for
fallers than for non-fallers, but only during the walking task. The peak grip aperture velocity
also occurred earlier for fallers than for non-fallers in standing and walking tasks. These
results indicate a strategy to increase the time available for online control of hand
configuration before dowel contact, showing that faller older adults relied more on online
control for making the necessary adjustments to grasp the dowel properly. This strategy
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may reflect a difficulty that fallers have in pre-planning their movements.

In another study, Santos et al.5! investigated the task of grasping, transporting,
and placing an object on a predetermined target while standing and walking. According to
Fitts’ task, we used different levels of difficulty of the manual task (distance of the object to
the target and target size). Fallers were less accurate in positioning the object on the target
than non-fallers, particularly for the small target while walking. Fallers also spent more time

transporting the dowel than the non-fallers, especially in standing and long target distances.

These results showed that faller older adults have difficulties performing manipulative
tasks in both standing and walking contexts.

In summary, fallers presented modifications in the control of the prehension
movement, and most of these changes were independent of the other task performed (i.e.,
standing or walking). These changes suggest that the fallers do not have motor behavior
modifications related only to balancing and walking tasks. They have changes in other
movement categories, suggesting that fallers’ difficulties are broader than previously
thought. Fallers also were unable to perform two motor tasks concomitantly, indicating a
limitation in merging movements. These modifications in the motor behavior of older adults
with a history of falls can impair their performance in activities of daily living.

FINAL CONSIDERATIONS

In this review, we showed that faller older adults share some essential
characteristics. Except for postural control, where the results seem to be less consistent,
fallers have substantial alterations in gait control compared to non-fallers. More recently,
studies involving upper limb tasks have shown that fallers also have alterations in the
control of reaching and grasping movements. The fact that faller older adults have
modifications in the control of upper and lower limbs is indicative of a change in motor
behavior involving gross and fine motor behaviors. Santos et al.5! proposed that fallers
have a global change in their motor behavior beyond the typical modifications observed in
balance and gait. As falls are of major concern, changes in balance and gait end up being
more emphasized, but researchers should not ignore the fact that other aspects of fallers’
motor behavior should also be considered.

We think this approach is appropriate because it addresses the fact that changes
in motor behavior do not seem to be related to only one category of movement (i.e.,
walking). Faller older adults exhibited differences in functional connectivity in several brain
networks compared to non-fallers.5® These changes in neural networks may be involved
with the overall slowing down observed in fallers, but further studies are necessary. In
support of this proposition, it is known that individuals with neurological impairments
usually exhibit changes in their motor behavior that are not constrained to one movement
category. For instance, individuals with Parkinson’s disease have an overall slowdown in
their movements observed during walking and upper limb tasks.®0 Even individuals without
a neurological problem, as is the case in developmental coordination disorder, have
problems in performing gross and fine motor skills.8" Therefore, it seems reasonable to
argue in favor of global changes in fallers’ motor behavior, although more studies are
necessary to support this proposal.

When studying fallers, it is vital to consider the history of falls and another
parameter that can be measured objectively to differentiate fallers and non-fallers. The fact
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that an older adult experienced a fall is not necessarily an indication that this person
should be classified as a faller. Different studies use different criteria to consider an
individual as a faller, which can create conflicting results.?8 Interestingly, Silva et al.2 found
that fallers and non-fallers with high functional capacity did not differ in walking speed;
however, both groups walked faster than faller and non-faller individuals with low functional
capacity. This finding indicates that considering only the history of falls may not be a
sufficient parameter to study fallers and non-fallers. In our studies, we have been using the
history of falls combined with the Mini-BESTest,'25051 as this test is a good tool to predict
fall risks.83 Others have included in the sample only recurrent fallers (e.g., >2 falls, see?8 for
a review) to exclude fortuitous falls. This lack of a clear criterion to consider an individual
as a faller weakens the conclusions about changes in motor behavior and falls. Future
studies should address this aspect to improve the internal validity and provide clear
parameters to define a faller older adult.

In summary, we claimed the possibility that fallers not only present alterations in
balance and gait, as widely argued, but also alterations in other movement categories,
particularly upper limb movements. The understanding of a faller as an individual with
global changes in motor behavior has important implications. First, simple assessment
tools involving upper limb tasks could be developed to evaluate the risk of falls. This
aspect would open the possibility of developing simple tests using manual tasks as an
assessment tool for fall risk prediction in clinical practice. Second, interventions to fallers
should not be limited to balance and gait. In rehabilitation programs, older adults with a
history of falls should also be encouraged to perform manual tasks. It is well known that
several activities of daily living involve manual tasks and these tasks are extremely
important to maintain independence in older adults. Third, the difficulty in combining
different motor tasks is another aspect that should be emphasized in training and
rehabilitation programs. Compound movements are executed very often in our daily
activities, and being able to perform this kind of action would help individuals adapt to
different tasks and environmental demands.

REFERENCES

1.

Pimentel WRT, Pagotto V, Stopa SR, et al. Falls among Brazilian older adults living in
urban areas: ELSI-Brazil. Rev Saude Publica. 2018;52(Suppl 2):12s. doi:10.11606/S1518-
8787.2018052000635

Berg WP, Alessio HM, Mills EM, Tong C. Circumstances and consequences of falls in
independent community-dwelling older adults. Age Ageing. 1997;26(4):261-268.
doi:10.1093/ageing/26.4.261

Nachreiner NM, Findorff MJ, Wyman JF, McCarthy TC. Circumstances and consequences
of falls in community-dwelling older women. J Womens Health 2002. 2007;16(10):1437-
1446. doi:10.1089/jwh.2006.0245

Ambrose AF, Paul G, Hausdorff JM. Risk factors for falls among older adults: a review of
the literature. Maturitas. 2013;75(1):51-61. doi:10.1016/j.maturitas.2013.02.009

Kramarow E, Chen L-H, Hedegaard H, Warner M. Deaths from unintentional injury among
adults aged 65 and over: United States, 2000-2013. NCHS Data Brief. 2015;(199):199.

Moraes et al. | 2021 | VOL.15 | N.5 | https://doi.org/10.20338/bjmb.v15i5.258

410 of 415



; Special issue:
YB]MB b

Brazilian Journal of Motor Behavior

6.

10.

1.

12.

13.

14.

15.

16.

17.

18.

15 years of Brazilian Journal of Motor Behavior

Deandrea S, Lucenteforte E, Bravi F, Foschi R, La Vecchia C, Negri E. Risk factors for
falls in community-dwelling older people: a systematic review and meta-analysis.
Epidemiol Camb Mass. 2010;21(5):658-668. doi:10.1097/EDE.Ob013e3181e89905
Moraes R, Mauerberg-deCastro E. Complex Systems Approach to the Study of Posture
and Locomotion in Older People. In: Barbieri FA, Vitorio R, eds. Locomotion and Posture
in Older Adults: The Role of Aging and Movement Disorders. Springer International
Publishing; 2017:3-20. doi:10.1007/978-3-319-48980-3_1

Melzer |, Benjuya N, Kaplanski J. Postural stability in the elderly: a comparison between
fallers and non-fallers. Age Ageing. 2004;33(6):602-607. doi:10.1093/ageing/afh218
Wallmann HW. Comparison of elderly nonfallers and fallers on performance measures of
functional reach, sensory organization, and limits of stability. J Gerontol A Biol Sci Med Sci.
2001;56(9):M580-583. doi:10.1093/gerona/56.9.m580

Piirtola M, Era P. Force platform measurements as predictors of falls among older people
— a review. Gerontology. 2006;52(1):1-16. doi:10.1159/000089820

Johansson J, Nordstrom A, Gustafson Y, Westling G, Nordstrom P. Increased postural
sway during quiet stance as a risk factor for prospective falls in community-dwelling elderly
individuals. Age Ageing. 2017;46(6):964-970. doi:10.1093/ageing/afx083

Batistela RA, Oates A, Moraes R. Haptic information and cognitive-visual task reduce
postural sway in faller and non-faller older adults. Hum Mov Sci. 2018;60:150-161.
doi:10.1016/j.humov.2018.06.005

Hortobagyi T, Teixeira LA, Duysens J, Granacher U, Dieén J van, Moraes R. Is standing
sway an accurate measure of fall risk and predictor of future falls in older adults ? Braz J
Mot Behav. 2020;14(1):1-3. doi:10.20338/bjmb.v14i01.176

Mujdeci B, Aksoy S, Atas A. Avaliagao do equilibrio em idosos que sofrem queda e
aqueles que ndo sofrem quedas. Braz J Otorhinolaryngol. 2012;78(5):104-109.
doi:10.5935/1808-8694.20120016

Lazaro M, Gonzélez A, Latorre G, Fernandez C, Ribera JM. Postural stability in the elderly:
Fallers versus non-fallers. Eur Geriatr Med. 2011;2(1):1-5.
doi:10.1016/j.eurger.2010.11.007

Maranesi E, Merlo A, Fioretti S, Zemp DD, Campanini |, Quadri P. A statistical approach to
discriminate between non-fallers, rare fallers and frequent fallers in older adults based on
posturographic data. Clin Biomech Bristol Avon. 2016;32:8-13.
doi:10.1016/j.clinbiomech.2015.12.009

Westlake KP, Johnson BP, Creath RA, Neff RM, Rogers MW. Influence of non-spatial
working memory demands on reach-grasp responses to loss of balance: Effects of age
and fall risk. Gait Posture. 2016;45:51-55. doi:10.1016/j.gaitpost.2016.01.007

Zhou J, Habtemariam D, lloputaife |, Lipsitz LA, Manor B. The Complexity of Standing
Postural Sway Associates with Future Falls in Community-Dwelling Older Adults: The
MOBILIZE Boston Study. Sci Rep. 2017;7:2924. doi:10.1038/s41598-017-03422-4

Moraes et al.

| 2021

| VOL.15 | N.5 | https://doi.org/10.20338/bjmb.v15i5.258

411 of 415



; Special issue:
YB]MB b

Brazilian Journal of Motor Behavior

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

15 years of Brazilian Journal of Motor Behavior

Uiga L, Capio CM, Ryu D, Wilson MR, Masters RSW. The role of conscious control in
maintaining stable posture. Hum Mov Sci. 2018;57:442-450.
doi:10.1016/j.humov.2017.10.008

Kang HG, Quach L, Li W, Lipsitz LA. Stiffness control of balance during dual task and
prospective falls in older adults: the MOBILIZE Boston Study. Gait Posture.
2013;38(4):757-763. doi:10.1016/j.gaitpost.2013.03.022

Zukowski LA, lyiglin G, Giuliani CA, Plummer P. Effect of the environment on gait and
gaze behavior in older adult fallers compared to older adult non-fallers. PloS One.
2020;15(3):0230479. doi:10.1371/journal.pone.0230479

Patla AE. Strategies for dynamic stability during adaptive human locomotion. IEEE Eng
Med Biol Mag Q Mag Eng Med Biol Soc. 2003;22(2):48-52.
doi:10.1109/memb.2003.1195695

Prince F, Corriveau H, Hébert R, Winter DA. Gait in the elderly. Gait Posture.
1997;5(2):128-135. doi:10.1016/S0966-6362(97)01118-1

Bohannon RW, Andrews AW, Thomas MW. Walking speed: reference values and
correlates for older adults. J Orthop Sports Phys Ther. 1996;24(2):86-90.
doi:10.2519/jospt.1996.24.2.86

Kwon M-S, Kwon Y-R, Park Y-S, Kim J-W. Comparison of gait patterns in elderly fallers
and non-fallers. Technol Health Care. 2018;26(Suppl 1):427-436. doi:10.3233/THC-
174736

Hausdorff JM, Rios DA, Edelberg HK. Gait variability and fall risk in community-living older
adults: a 1-year prospective study. Arch Phys Med Rehabil. 2001;82(8):1050-1056.
doi:10.1053/apmr.2001.24893

Konig N, Taylor WR, Armbrecht G, Dietzel R, Singh NB. Identification of functional
parameters for the classification of older female fallers and prediction of “first-time” fallers.
J R Soc Interface. 2014;11(97):20140353. doi:10.1098/rsif.2014.0353

Mortaza N, Abu Osman NA, Mehdikhani N. Are the spatio-temporal parameters of gait
capable of distinguishing a faller from a non-faller elderly? Eur J Phys Rehabil Med.
2014;50(6):677-691.

Fujimoto M, Chou L-S. Sagittal plane momentum control during walking in elderly fallers.
Gait Posture. 2016;45:121-126. doi:10.1016/j.gaitpost.2016.01.009

McCrum C, Willems P, Karamanidis K, Meijer K. Stability-normalised walking speed: A
new approach for human gait perturbation research. J Biomech. 2019;87:48-53.
doi:10.1016/j.joiomech.2019.02.016

McAndrew Young PM, Dingwell JB. Voluntary changes in step width and step length
during human walking affect dynamic margins of stability. Gait Posture. 2012;36(2):219-
224. doi:10.1016/j.gaitpost.2012.02.020

Bruijn SM, van Dieén JH, Meijer OG, Beek PJ. Is slow walking more stable? J Biomech.
2009;42(10):1506-1512. doi:10.1016/j.jbiomech.2009.03.047

Moraes et al. | 2021 | VOL.15 | N.5 | https://doi.org/10.20338/bjmb.v15i5.258

412 of 415



; Special issue:
X BB ’

Brazilian Journal of Motor Behavior

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

15 years of Brazilian Journal of Motor Behavior

Hak L, Houdijk H, Steenbrink F, et al. Speeding up or slowing down?: Gait adaptations to
preserve gait stability in response to balance perturbations. Gait Posture. 2012;36(2):260-
264. doi:10.1016/j.gaitpost.2012.03.005

Hak L, Houdijk H, van der Wurff P, et al. Stepping strategies used by post-stroke
individuals to maintain margins of stability during walking. Clin Biomech Bristol Avon.
2013;28(9-10):1041-1048. doi:10.1016/j.clinbiomech.2013.10.010

Espy DD, Yang F, Bhatt T, Pai Y-C. Independent influence of gait speed and step length
on stability and fall risk. Gait Posture. 2010;32(3):378-382.
doi:10.1016/j.gaitpost.2010.06.013

van der Kruk E, Silverman AK, Koizia L, Reilly P, Fertleman M, Bull AMJ. Age-related
compensation: Neuromusculoskeletal capacity, reserve & movement objectives. J
Biomech. 2021;122:110385. doi:10.1016/j.jbiomech.2021.110385

Svoboda Z, Bizovska L, Janura M, Kubonova E, Janurova K, Vuillerme N. Variability of
spatial temporal gait parameters and center of pressure displacements during gait in
elderly fallers and nonfallers: A 6-month prospective study. PloS One.
2017;12(2):e0171997. doi:10.1371/journal.pone.0171997

Pieruccini-Faria F, Montero-Odasso M. Obstacle Negotiation, Gait Variability, and Risk of
Falling: Results From the “Gait and Brain Study.” J Gerontol A Biol Sci Med Sci.
2019;74(9):1422-1428. doi:10.1093/geronal/gly254

Chapman GJ, Hollands MA. Evidence for a link between changes to gaze behaviour and
risk of falling in older adults during adaptive locomotion. Gait Posture. 2006;24(3):288-294.
doi:10.1016/j.gaitpost.2005.10.002

Chapman GJ, Hollands MA. Evidence that older adult fallers prioritise the planning of
future stepping actions over the accurate execution of ongoing steps during complex
locomotor tasks. Gait Posture. 2007;26(1):59-67. doi:10.1016/j.gaitpost.2006.07.010
Yamada M, Tanaka H, Mori S, et al. Fallers choose an early transfer gaze strategy during
obstacle avoidance in dual-task condition. Aging Clin Exp Res. 2011;23(4):316-319.
doi:10.1007/BF03337757

Young WR, Wing AM, Hollands MA. Influences of state anxiety on gaze behavior and
stepping accuracy in older adults during adaptive locomotion. J Gerontol B Psychol Sci
Soc Sci. 2012;67(1):43-51. doi:10.1093/geronb/gbr074

Ellmers TJ, Cocks AJ, Young WR. Exploring attentional focus of older adult fallers during
heightened postural threat. Psychol Res. 2020;84(7):1877-1889. doi:10.1007/s00426-019-
01190-6

Talbot LA, Musiol RJ, Witham EK, Metter EJ. Falls in young, middle-aged and older
community dwelling adults: perceived cause, environmental factors and injury. BMC Public
Health. 2005;5:86. doi:10.1186/1471-2458-5-86

Okubo Y, Schoene D, Caetano MJ, et al. Stepping impairment and falls in older adults: A
systematic review and meta-analysis of volitional and reactive step tests. Ageing Res Rev.
2021;66:101238. doi:10.1016/j.arr.2020.101238

Moraes et al.

| 2021

| VOL.15 | N.5 | https://doi.org/10.20338/bjmb.v15i5.258

413 of 415



; Special issue:
YB]MB b

Brazilian Journal of Motor Behavior

46.

47.

48.

49.

50.

51.

52.

53.

54.

95.

56.

57.

58.

59.

15 years of Brazilian Journal of Motor Behavior

Thompson JD, Plummer P, Franz JR. Age and falls history effects on antagonist leg
muscle coactivation during walking with balance perturbations. Clin Biomech Bristol Avon.
2018;59:94-100. doi:10.1016/j.clinbiomech.2018.09.011

Hortobagyi T, DeVita P. Altered movement strategy increases lower extremity stiffness
during stepping down in the aged. J Gerontol A Biol Sci Med Sci. 1999;54(2):B63-70.
doi:10.1093/gerona/54.2.b63

Allen JL, Franz JR. The motor repertoire of older adult fallers may constrain their response
to balance perturbations. J Neurophysiol. 2018;120(5):2368-2378.
doi:10.1152/jn.00302.2018

Sawers A, Pai Y-CC, Bhatt T, Ting LH. Neuromuscular responses differ between slip-
induced falls and recoveries in older adults. J Neurophysiol. 2017;117(2):509-522.
doi:10.1152/jn.00699.2016

Rinaldi NM, Moraes R. Older adults with history of falls are unable to perform walking and
prehension movements simultaneously. Neuroscience. 2016;316:249-260.
doi:10.1016/j.neuroscience.2015.12.037

Santos LOD, Carvalho de Abreu DC, Moraes R. Performance of Faller and Nonfaller Older
Adults on a Motor-Motor Interference Task. J Mot Behav. 2018;50(3):293-306.
doi:10.1080/00222895.2017.1341380

Rinaldi NM, Moraes R. Gait and reach-to-grasp movements are mutually modified when
performed simultaneously. Hum Mov Sci. 2015;40:38-58.
doi:10.1016/j.humov.2014.12.001

van der Wel RPRD, Rosenbaum DA. Coordination of locomotion and prehension. Exp
Brain Res. 2007;176(2):281-287. doi:10.1007/s00221-006-0618-0

Carnahan H, Mcfadyen BJ, Cockell DL, Halverson AH. The combined control of
locomotion and prehension. Neurosci Res Commun. 1996;19(2):91-100.
doi:10.1002/(SICI)1520-6769(199609)19:2<91::AID-NRC168>3.0.CO;2-X

Chiovetto E, Giese MA. Kinematics of the coordination of pointing during locomotion. PloS
One. 2013;8(11):€79555. doi:10.1371/journal.pone.0079555

Marteniuk RG, Bertram CP. Contributions of gait and trunk movements to prehension:
perspectives from world- and body-centered coordinates. Motor Control. 2001;5(2):151-
165. doi:10.1123/mcj.5.2.151

Delbaere K, Crombez G, Vanderstraeten G, Willems T, Cambier D. Fear-related avoidance
of activities, falls and physical frailty. A prospective community-based cohort study. Age
Ageing. 2004;33(4):368-373. doi:10.1093/ageing/afh106

Chen T, Chou L-S. Altered center of mass control during sit-to-walk in elderly adults with
and without history of falling. Gait Posture. 2013;38(4):696-701.
doi:10.1016/j.gaitpost.2013.03.007

Maidan |, Droby A, Jacob Y, Giladi N, Hausdorff JM, Mirelman A. The neural correlates of
falls: Alterations in large-scale resting-state networks in elderly fallers. Gait Posture.
2020;80:56-61. doi:10.1016/j.gaitpost.2020.05.023

Moraes et al.

| 2021

| VOL.15 | N.5 | https://doi.org/10.20338/bjmb.v15i5.258

414 of 415



Y Special issue:
BJMB 15 years of Brazilian Journal of Motor Behavior

Brazilian Journal of Motor Behavior

60. Obeso JA, Marin C, Rodriguez-Oroz C, et al. The basal ganglia in Parkinson’s disease:
current concepts and unexplained observations. Ann Neurol. 2008;64 Suppl 2:S30-46.
doi:10.1002/ana.21481

61. Zwicker JG, Missiuna C, Harris SR, Boyd LA. Developmental coordination disorder: a
review and update. Eur J Paediatr Neurol EJPN Off J Eur Paediatr Neurol Soc.
2012;16(6):573-581. doi:10.1016/j.ejpn.2012.05.005

62. Pophal da Silva L, Boneti Moreira N, Barbosa de Freitas P, Pereira G, Rodacki ALF. Gait
Parameters of Older Adults according to Their Fall History and Functional Capacity While
Walking at Different Speeds. Gerontology. Published online March 5, 2021:1-12.
doi:10.1159/000513601

63. Magnani PE, Genovez MB, Porto JM, et al. Use of the BESTest and the Mini-BESTest for
Fall Risk Prediction in Community-Dwelling Older Adults Between 60 and 102 Years of
Age. J Geriatr Phys Ther 2001. 2020;43(4):179-184. doi:10.1519/JPT.0000000000000236

Citation: Moraes R, Batistela RA, Santos LO, Rinaldi NM. (2021). Falls and motor behavior in older adults. Brazilian
Journal of Motor Behavior, 15(5):403-415.

Editors: Dr Fabio Augusto Barbieri - S&o Paulo State University (UNESP), Bauru, SP, Brazil; Dr José Angelo Barela -
Sao Paulo State University (UNESP), Rio Claro, SP, Brazil; Dr Natalia Madalena Rinaldi - Federal University of
Espirito Santo (UFES), Vitéria, ES, Brazil.

Copyright:© 2021 Moraes, Batistela, Santos and Rinaldi and BJMB. This is an open-access article distributed under
the terms of the Creative Commons Attribution-Non Commercial-No Derivatives 4.0 International License which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are
credited.

Funding: This work was supported by the Brazilian National Council for Scientific and Technological Development,
Brazil [grant number 03988/2019-3].

Competing interests: The authors have declared that no competing interests exist.

DOI: https://doi.org/10.20338/bjmb.v15i5.258

Moraes et al.

| 2021 | VOL.15 | N.5 | https://doi.org/10.20338/bjmb.v15i5.258

415 of 415



