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SUMMARY 
During leg flexion from erect posture, postural stability is 
organized in advance during “anticipatory postural 
adjustments” (APA). This study examined how fear of falling 
(FoF) may influence this anticipatory postural control of 
medio-lateral (ML) stability. Ten young adults performed a 
series of leg flexions at maximal velocity from low and high 
surface heights (6 cm and 66 cm above ground, respectively). 
In this latter condition with increased FoF, stance foot was 
placed at the lateral edge of the support surface to induce 
maximal postural threat. Results showed that the amplitude of 
ML APA decreased with FoF; this decrease was compensated 
by an increase in APA duration so that centre of gravity (CoG) 
position at swing foot-off was located further towards stance 
leg side. With these changes in ML APA, the CoG was 
propelled in the same final (unipodal) position above stance 
foot as in condition with low FoF. It is proposed that, with 
FoF, the central nervous system modify ML APA parameters 
in such a way that the risk of a sideway fall induced by the 
large CoG motion is attenuated. 
 
 
INTRODUCTION 
During leg flexion from erect posture, postural stability is 
organized in advance during “anticipatory postural 
adjustments” (APA; [5]). During APA, inertial forces are 
generated that propel the centre of gravity (CoG) laterally 
towards stance leg side. It is recognized that any factor that 
alters these APA might endanger postural equilibrium and, as 
such, might increase the risk of a fall [e.g. 2]. This study 
examined how fear of falling (FoF) may influence this 
anticipatory postural control of medio-lateral (ML) stability. It 
was hypothesized that the amplitude of ML APA would be 
depressed in order to attenuate the risk of sideway fall towards 
stance leg side, with a consequent greater occurrence of 
unsuccessful trials (i.e. trials where participants have to 
rapidly replace their swing leg on the support surface to 
recover equilibrium). 
 
 
METHODS 
Ten young healthy participants performed a series of leg 
flexions from low and high surface heights (6 cm and 66 cm 
above ground, respectively). In this latter condition, the stance 
foot was placed at the lateral edge of the support surface to 

induce maximal postural threat. Leg flexion was performed on 
a force-plate (Bertec, Columbus) at a maximal velocity. The 
CoG acceleration along the ML (y’’G) axis was obtained by 
the ratio between the ground reaction force and the mass of the 
participant (Newton’s second law). The CoG velocity (y’G) 
and displacement (yG) were obtained with a successive 
integration of the y’’G trace. The instantaneous displacement 
of centre of pressure (CoP) along the ML (yP) axis was 
obtained with the following approximations: yP=Mx/Rz (Mx: 
moment around the antero-posterior axis; Rz: vertical ground-
reaction force). In order to test whether the conditions of 
dynamic stability at foot-off (FO) time were equivalent 
between the high- and the low-threat condition, we also 
calculated the “extrapolated center of mass position” (YcoM) 
at the FO time [5]: yCoM=yG+y’G/ω0, where ω0=√g/l is the 
eigenfrequency of the body modeled as an inverted pendulum 
of length l, l=H*0.575 (H is the body height) and g is the 
acceleration of gravity. According to [5], YcoM should be 
within the base of support unless stability could not be 
maintained in the final (unipodal) posture. Note that the same 
YcoM value can be reached with different combinations of yG 
and y’G values. These biomechanical data were digitized at a 
sampling rate of 500 Hz. Perceived confidence, stability and 
FoF were quantified with appropriate questionnaire [3]. 
Repeated measures ANOVAs were conducted on each 
biomechanical and psychological variable with condition 
(low- vs high-threat condition) as a within-participants factor. 
Alpha was set at 0.05. 
 
 
RESULTS AND DISCUSSION 
Perceived confidence, stability and fear of falling. As 
expected, surface height was explicitly perceived as a postural 
threat. The high-threat condition significantly increased self-
reported FoF (F[1,9]=7.75, P=0.02) and significantly 
decreased balance confidence (F[1,9]=9.04, P=0.01). The 
high-threat condition also decreased participants’ coping 
efficacy in the ability: to avoid a fall (F[1,9]=9.96, P=0.02); to 
overcome worry (F[1,9]=5.80, P=0.04); and to reduce 
nervousness about balancing or falling during the 
experimental task (F[1,9]=9.85, P=0.01). In contrast, coping 
with the ability to maintain concentration was not significantly 
influenced by height condition. There was also no significant 
difference between low- and high-threat conditions on 
retrospective measures of perceived anxiety and stability. 



Influence of FoF on the leg flexion-related variables. Typical 
biomechanical traces are shown in the Figure 1. Statistical 
analysis showed that both the peak value of the y’’G trace 
(F[1,9]=24.72, P<0.001) and the y’G value at the FO time 
(F[1,9]=13.81, P=0.01) were significantly lower in the high-
threat condition than in the low-threat condition. In contrast, 
the duration of the ML APA (F[1,9]=25.95, P<0.001), and the 
yG value at the FO time (F[1,9]=7.08, P=0.03) were both 
significantly higher in the high-threat condition than in the 
low-threat condition. Statistical analysis further showed that 
the performance of the leg flexion - in terms of maximal 
vertical CoG velocity (mean value in the two experimental 
conditions, 0.23±0.05 m/s) -, the maximal yG position 
(0.11±0.01 m) and the YcoM value (0.12±0.02 cm) were not 
significantly different between the two experimental 
conditions (P>0.05). Finally, results showed that the 
percentage of unsuccessful trials was not significantly 
different between the high- (10±9 %) and the low-threat 
condition (4±5 %).  
 

Figure 2. Biomechanical traces of leg flexion. yP, y’’G, y’G, 
yG, z’G: ML CoP displacement, ML CoG acceleration, 
velocity, displacement and vertical CoG velocity, respectively. 
t-2, t-1, t0, t1, t2: onset of quiet standing (QS) posture time-
window, triggering of acoustic signal, onset variation of y’’G 
trace, swing FO, end of voluntary leg flexion, respectively. 
SW, ST, UP, DOWN: swing- and stance-leg side, upward and 
downward, respectively. QS, RT, APA, LF: time-windows for 
QS posture, reaction-time, ML APA, and voluntary leg 
flexion, respectively. y”GAPA, y’GFO, yGFO, yGMAX, z’GMAX: 
peak of ML CoG acceleration during APA, ML CoG 

velocity/displacement at FO, peak of ML CoG displacement, 
peak of vertical CoG velocity, respectively. 
 
The present result that both the peak of anticipatory y’’G 
value and the y’G value at the onset of the voluntary leg 
movement were lower with increased FoF can be interpreted 
as reflecting protective strategy directed to attenuate the ML 
inertial forces that tend to induce sideway fall towards the 
stance leg side. It thus seems that the ML dynamics induced 
by the leg flexion was perceived as a postural threat to balance 
in the high-threat condition. Results also showed that, at the 
FO time, the CoG position was located further towards the 
direction of the postural threat (i.e. towards the stance leg 
side) in the high-threat condition as compared to the low-
threat condition. The greater initial CoG displacement was 
presumably made possible with the increase in the duration of 
APA. Despite these changes in initial ML CoG parameters 
with increased FoF, the initial conditions of dynamic stability 
remained unchanged, as attested by the equivalent 
“extrapolated centre of mass” value [5] between the low- and 
high-threat conditions. The CoG could thus be propelled in the 
same final ML position above the BoS as in the low-threat 
condition, i.e. it reached an as stable position. These results 
suggest that, in the condition with increased FoF, the CNS 
compensated for the lower initial ML CoG velocity by an 
increase in the ML APA duration so that the CoG could be 
propelled further towards stance leg side at the FO time. With 
this strategy, the CoG was brought nearer to its position of 
equilibrium at the time when the voluntary leg raising was 
initiated. It thus seems that the CNS more carefully ensured 
that the conditions of ML stability could effectively be 
reached in the final posture before triggering the voluntary 
movement, thus suggesting a sequential mode of control 
between posture and movement.  
 
 
CONCLUSIONS 
Results showed that, with FoF, the CNS attenuated the 
amplitude of anticipatory ML inertial forces. With the increase 
in APA duration, the initial conditions of dynamic stability 
could remain unchanged. Consequently, the percentage of 
unsuccessful trials was not increased with FoF. These results 
add further insight into the notion of “protective” postural 
strategy used by participants in conditions of postural threat 
[e.g. 1,5]. Future research will examine whether older adults 
develop similar adaptive postural behavior with increased 
FoF. 
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