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Abstract

Background: Healthy young adults typically exhibit a progressive ‘top-down’ reorientation of
body segments (i.e., head, trunk, then pelvis) during turning. In contrast, this behaviour is less
evident in older adults at risk of falling, who often reduce angular displacement between
body segments during turns. The potential functional and psychological contributors to this

so-called ‘en-bloc’ turning strategy are not yet understood.

Research question: Are there associations between concern about falling and variables

representing en-bloc turning (i.e., increased coupling between body segments)?

Methods: We assessed 21 older adults while turning during an adaptive walking task. We
collected data from markers forming the head, trunk, and pelvis segments, while gait velocity
throughout the turn was calculated from a sternum marker. We correlated several variables

with concern about falling alone, as well as while controlling for functional balance ability.

Results: Correlation analyses revealed that concern about falling was related to en-bloc
turning strategies and slower gait velocity throughout the turn, when analysed independently
of functional balance. When controlling for balance ability, en-bloc turning strategies
between the head and trunk, as well as the head and pelvis, remained significantly associated

with concern about falling.

Significance: Findings offer an insight into the potential role that psychological
characteristics may have in determining older adults’ turning behaviour and associated risk of

falling.
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1. Introduction

Falls by older adults commonly occur during turning [1]. Such falls may arise, in part,
due to rigid ‘en-bloc’ turning strategies, which could reduce reactive capabilities to
perturbation [2]. We examine the contributions of functional balance and psychological

factors when using such strategies.

The mechanics of turning typically follow a progressive top-down ‘unfolding’ pattern;
beginning with the head, with subsequent rotational adaptations to the trunk then feet [3,4].
When turning 360° on the spot, older adults who subsequently fall display smaller angular
differences from head to trunk and trunk to pelvis [2]. It remains unclear if this en-bloc
strategy is associated with physiological constraints limiting decoupling between body
segments (i.e., functional balance ability) or perceived balance ability (i.e., concern about

falling).

Psychological factors, namely concern about falling, contribute to the use of cautious
balance strategies [5]. It is reported that lower levels of balance confidence are correlated
with cautious turning behaviour [4]. While researchers propose a link between concern about
falling and en-bloc turning in older adults [6], the association has not been examined
empirically. Initially, we explored how concerns about falling relate to turning behaviour,
independent of functional balance. We hypothesised that en-bloc turning strategies are
associated with greater concerns about falling. These associations were predicted to remain

when controlling for functional balance.

2. Methods

2.1. Participants



Altogether, 21 older adults (5 M/16 F; 73.95 £ 7.05 years) participated. Participants
with neurological impairment, musculoskeletal diagnoses, or prescribed medication for
anxiety or dizziness were excluded. Informed consent and ethical approval were obtained.

See Table 1 for participant characteristics.

***TABLE 1#%%*

2.2. Apparatus

We collected three-dimensional coordinates from reflective markers located on each
temple (head), the acromio-clavicular joint of each shoulder (trunk), the xiphoid process of
the sternum, and the anterior superior iliac spine (ASIS) of each hip (pelvis) (Fig. 1a) using

an eight-camera Motion Analysis system (Santa Rosa, California, USA) sampling at 150 Hz.

2.3. Procedure

Participants walked along two nonlinear paths (Fig. 1b) comprising 11 white wooden
blocks, with all other blocks painted black in a 6 % 5 grid. Each wooden block measured 0.4m
x 0.4m, with a height of 0.3m. Participants walked (and turned) at a self-selected speed along
the white path without contacting the black blocks. Two blocks per pattern were marked with
crosses that acted as stepping targets to normalise foot placement with reference to the
intended walking path. Only turns related to the first of these stepping targets were analysed

(Fig. 1b).

Participants walked from behind a screen, up a ramp (1.2m in length), along the white
path and down a corresponding ramp at the walkway end. A total of 12 trials (4 blocks of 3

walks) were completed. Walkway patterns were randomized.

***FJGURE 1%+



2.4. Data Processing

We applied a low-pass (Butterworth) filter with a cut-off frequency of 5 Hz to all
kinematic data. We analysed data between 0.55m prior to, and 0.4m to the lateral side
(dependent on turn direction) of, the intersection point (Fig. 1b). The angular displacement
profiles of each body segment (head, trunk, and pelvis) in the yaw plane were calculated,
relative to the horizontal axis (Fig. 1b). First- (velocity), second- (acceleration) and third-
(jerk) derivatives of the angular data were calculated to define turn onset/offset. As per
previous research [7], turn onset was defined as the point of a zero-crossing in the jerk profile
and a corresponding negative to positive reversal in the acceleration profile prior to a
continuous and sustained angular displacement above zero degrees. Turn offset was the point
the angular velocity profile returned to, and remained below, zero. We removed trials
containing instances of ‘spin turns’ [8], which were identified by visually inspecting

kinematic data.

2.5. Measures

2.5.1. Maximum angular difference between segments

The absolute maximum difference (degrees) when one segment’s angular trace was
subtracted from another was calculated from head to trunk, trunk to pelvis, and head to

pelvis.

2.5.2. Gait velocity through the turn

We calculated the instantaneous velocity (m/sec) of the sternum from the first
derivative of the sternum marker. The mean velocity (m/sec) was calculated between turn

onset/offset.

2.5.3. Concern about falling and functional balance



We employed the Falls Efficacy Scale-International (FES-I) [9] to assess concern

about falling and the Berg Balance Scale (BBS) [10] to evaluate functional balance.

2.6 Statistical Analysis

We conducted correlation analyses to determine the relationship between concern
about falling (FES-I) and turning measures. As the maximum angular difference between
head and trunk segments violated parametric assumptions, Spearman’s correlational analyses
were employed to examine associations with this variable. Pearson’s correlations were
conducted for all other variables. Partial correlation analyses were conducted to assess
associations between FES-I and turning measures, when controlling for BBS. Non-parametric
correlations were used as BBS scores violated parametric assumptions. We report one-tailed

p-values.

3. Results

Higher levels of concern about falling (FES-I) were associated with reduced
maximum angular difference between the head and trunk (rs = -.45, p = .02) and head and
pelvis (r = -.65, p = .001). Higher levels of concern were associated with lower velocity
through the turn (» =-.63, p = .001). When controlling for BBS, there remained significant
associations between FES-I and maximum angular difference for the head and trunk (rs = -

.38, p =.049) and head and pelvis (rs = -.39, p = .043). We present the results in Table 2.

**++*TABLE 2%%*

4. Discussion

We examined the relationships between concern about falling, functional balance, and
turning characteristics in older adults performing an adaptive walking task. The overall turn

velocity was not associated with concern about falling, when controlling for functional



balance, while decoupling between the head and trunk/pelvis was significantly correlated.
The absence of any significant relationship between concern about falling and trunk-pelvis
decoupling indicates that head-pelvis decoupling is largely independent of the decoupling
between head and trunk in concerned participants. Such rigidity between upper-body
segments indicates self-preservation behaviours to minimise instability. Our findings support

interpretations linking turning caution with reduced balance confidence in older adults [4].

Concern about falling is associated with increases in self-reported conscious
processing of gait [11]. The concept of freezing degrees of freedom, commonly observed
during postural threat in older adults, is thought to arise through a re-investment in conscious
control [12]. Concern about falling leads to a decrease in fixations and an increase in fixation
durations during adaptive gait, implying that these behaviours help to stabilise the head and
visual scene [12]. Similarly, older adults when concerned adopt a ‘head stabilisation’ strategy
during walking, reducing the amplitude of head oscillations [13]. We suggest current findings
indicate that these stabilisation strategies can be extended to the concept of head-trunk

decoupling during self-paced turning.

In non-concerned individuals, increased angular displacement between head and trunk
permits a decoupling of the egocentric frame of reference for both segments (i.e., the head,
and corresponding visual input, assumes a new direction, while the trunk and pelvis remain
aligned in the previous heading direction) [14,15]. Our results suggest that en-bloc coupling
between head and trunk may represent an attempt to reduce these demands in older adults
fearful of falling. Further work is necessary to scrutinise the causal nature of these
relationships and the impact of changes in attentional and cognitive factors (e.g., conscious

movement processing) on gait stability and fall-risk.

4.1 Limitations



While the pre-defined path used in the present research potentially constrained
participants’ movement, it was deemed appropriate to maintain experimental control. The
paths were also designed to provide an indication of real-world pre-defined turning (e.g.,
turning to enter a doorway from a hall). Also, differences in body segment co-ordination
could have been calculated by an alternative method (e.g., delay in onset of reorientation
[16]). Furthermore, spin turns were identified and removed by visually inspecting kinematic

data, rather than through computational means.

4.2 Conclusions

This research demonstrates associations between concern about falling and en-bloc
turning strategies in older adults when controlling for functional balance, thereby, offering
insight into the role psychological factors may play in the risk of falling in older adults.
Future work should look to evaluate the associations reported here in a larger sample, as well

as during experimentally-manipulated conditions of fear/concern about falling.

Declaration of Competing Interest

None.



References

[1] S.N. Robinovitch, F. Feldman, Y. Yang, R. Schonnop, P.M Leung, T. Sarraf, J. Sims-
Gould, M. Loughin, Video capture of the circumstances of falls in elderly people residing in
long-term care: an observational study. Lancet 381 (2013) 47-54.

http://doi.org/10.1016/S0140-6736(12)61263-X.

[2] R.L. Wright, D.M. Peters, P.D. Robinson, A.J. Sitch, T.N. Watt, M.A. Hollands,
Differences in axial segment reorientation during standing turns predict multiple falls in older

adults. Gait Posture 36 (2012) 541-545. http://doi.org/10.1016/j.gaitpost.2012.05.013.

[3] M.A. Hollands, N.V., Ziavra, A.M. Bronstein, A new paradigm to investigate the roles of
head and eye movements in the coordination of whole-body movements. Exp. Brain Res. 154

(2004) 261-266. http://doi.org/10.1007/s00221-003-1718-8.

[4] J.R. Fuller, A.L. Adkin, L.A. Vallis, Strategies used by older adults to change travel

direction. Gait Posture 25 (2007) 393-400. http://doi.org/10.1016/j.gaitpost.2006.05.013.

[5] K. Delbaere, D.L. Sturnieks, G. Crombez, S.R. Lord, Concern about falls elicits changes
in gait parameters in conditions of postural threat in older people. J. Gerontol. A., 64A,

(2009) 237-242. https://doi.org/10.1093/gerona/gIn014.

[6] B. Salzman, Gait and balance disorders in older adults. Am. Fam. Physician 82 (2010) 61-

68.

[7] K.L. Hollands, P. van Vliet, D. Zietz, A. Wing, C. Wright, M.A. Hollands, Stroke-related
differences in axial body segment coordination during preplanned and reactive changes in
walking direction. Exp. Brain Res. 202 (2010) 591-604. http://doi.org/10.1007/s00221-010-

2162-1.



10

[8] S.B. Akram, J.S., Frank, S. Chenouri, Turning behavior in healthy older adults: is there a
preference for step versus spin turns? Gait Posture 31 (2010) 23-26.

http://doi.org/10.1016/j.gaitpost.2009.08.238.

[9] L. Yardley, N. Beyer, K. Hauer, G. Kempen, C. Piot-Ziegler, C. Todd, Development and
initial validation of the Falls Efficacy Scale-International. Age Ageing 34 (2005) 614-619.

http://doi.org/10.1093/ageing/afi196.

[10] W.P. Berg, H.M. Alessio, P.M. Mills, C. Tong, Circumstances and consequences of falls

in independent community-dwelling older adults. Age Ageing 26 (1997) 261-268.

[11] W.R. Young, M. Olonilua, R.S.W. Masters, S. Dimitriadis, A.M. Williams, Examining
links between anxiety, reinvestment and walking when talking by older adults during
adaptive gait. Exp. Brain Res. 234 (2016) 161-172. http://doi.org/10.1007/s00221-015-4445-

Z.

[12] W.R. Young, A.M. Williams, How fear of falling can increase fall-risk in older adults:
applying psychological theory to practical observations. Gait Posture 41 (2015) 7-12.

http://doi.org/10.1016/j.gaitpost.2014.09.006.

[13] L.A. Brown, W.H. Gage, M.A. Polych, R.J. Sleik, T.R. Winder, Central set influences
on gait: age-dependent effects of postural threat. Exp. Brain Res. 145 (2002) 286-296.

http://doi.org/10.1007/s00221-002-1082-0.

[14] M.A. Hollands, K.L. Sorensen, A.E. Patla, Effects of head immobilization on the
coordination and control of head and body reorientation and translation during steering. Exp.

Brain Res. 140 (2001) 223-233. http://doi.org/10.1007/s002210100811.



11

[15] M.A. Hollands, A.E. Patla, J.N. Vickers, “Look where you’re going!”: gaze behaviour
associated with maintaining and changing the direction of locomotion. Exp. Brain Res. 143

(2002) 221-230. http://doi.org/10.1007/s00221-001-0983-7.

[16] A. Lamontagne, C. Paquette, J. Fung. Stroke affects the coordination of gaze and posture
during preplanned turns while walking. Neurorehabilitation & Neural Repair, 21 (2007), pp.

62-67. http://doi.org/ 10.1177/1545968306290822.



12
List of Figures and Tables
Figure 1. (a) Illustration of passive marker placement and the markers used to define each
body segment. ASIS = Anterior Superior Iliac Spine. (b) Schematic of path sequences and an
illustration of body segment angles calculated. Areas highlighted by the grey boundary

indicate the area data was sampled for assessing turning behaviour. Thick dotted grey line

indicates the intersection point for each turn.
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