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ABSTRACT

Introduction: Aging advancing decreases ankle-foot strength and mobility, affecting gait and balance control. The heel-rise (HR)
task requires the ankle-foot to control different biomechanical demands. It is still unclear whether these demands during HR
are associated with functional performance in older adults. The aim was to describe the association between HR biomechanical
parameters and single-leg stability, functional mobility, and walking speed in community-dwelling older adults.

Methods: Sixty-nine older adults (73.0, SD 6.8 years) were tested on a force platform performing bilateral rapid HR in the rise
and drop phases. The biomechanical parameters measured were peak force and time, impulse, root mean square and displace-
ment of the center of pressure (CoP), as well as displacement and velocity of the center of mass (CoM), and vertical stiffness.
Functional performance was assessed through balance using the single-leg stance test (SLS), functional mobility with the Timed
Up & Go test (TUG), and walking speed (WS). Associations between functional tests and biomechanical parameters were deter-
mined using correlation tests.

Results: HR peak strength and time showed a medium to large association with TUG and WS but not SLS. CoP anteroposterior
displacement showed a large association in the drop phase with all functional tests but not in the rise phase. CoM velocity and
vertical stiffness were associated with all tests in both phases.

Conclusion: Older adults HR biomechanical parameters are more closely associated with functional mobility and walking speed
tests (TUG and WS) than with static balance tests such as SLS.
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What is already known about this topic? What does the study add?

e Older adults often experience decreased ankle and foot strength e Ankle and foot biomechanical parameters during heel rise are
and mobility, which can significantly impact their gait and associated with performance on standard functional tests for
balance. older adults.

e Achieving tasks such as heel rise are key to maintaining func- e The biomechanical demands of a bilateral rapid heel rise offer
tional performance in older adults. interesting insight into functional capabilities important for daily

mobility in older age.
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Introduction

The strength, power, and mobility of the ankle-foot
complex play a significant role in controlling postural bal-
ance, functional capacity, and the risk of falls in older adults
(1,2). The strength and the muscular power of the ankle
plantarflexors may serve as significant predictors of phys-
ical functional performance in older adults, particularly in
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assessments such as the Timed Up & Go Test (TUG) and
maximum walking speed (3-5). A common task in these
functional tests is the heel rise (HR), a key milestone in the
capacity of weight transfer during tasks such as walking. It
is also used to identify ankle-foot dysfunctions, determine
the strength of ankle plantarflexors, or prescribe exercises
to recover ankle-foot functions (6-8). For proper function
of the ankle plantarflexors during HR, the ankle and foot
are required to be able to control different biomechanical
demands, such as force, position, or speed, both during HR
(concentric work) and when controlling body weight (Bw)
when lowering the heel on the ground (eccentric work) (9).
The behavior of these biomechanical parameters during
impulse tasks, such as rising and dropping the heel of the
foot, may influence functional performance; however, little
has been discussed about these aspects in older adults.

The advancing age leads to a decrease in the strength
and mobility of the ankle-foot, as shown, for example, by an
annual rate of loss of ankle plantarflexor strength of approx-
imately 2.3% in older adults (10), which impacts the phases
of walking and balance control (11). During the push-off in
walking, the foot must increase its rigidity allowing greater
activity of the foot’s intrinsic muscles so that the ankle
plantarflexors can adequately transmit their force and thus
achieve adequate elevation (7,12). In this sense, older adults
have shown a 24%-37% decrease in strength of the extrin-
sic and intrinsic muscles of the ankle and foot compared to
young subjects (13), which would limit adequate mobility
and stability of the foot to achieve sufficient HR (14). On the
other hand, the HR implies a decrease in the base of sup-
port of the foot and shifts the CoM anteriorly, increasing the
demand for postural control to avoid losing balance (15).
Older adults employ a more proximal posture control strat-
egy than younger subjects (16), implying a greater biome-
chanical demand on the ankle-foot complex through the CoP
to rise and control the heel drop without losing balance. HR
has been reported to present numerous health benefits, as it
enables the development or maintenance of lower extrem-
ity muscle strength and stability (17), thereby improving
balance and muscle strength and consequently reducing the
incidence of falls (2).

During HR, like walking, sufficient ankle and foot mobility,
as well as increased midfoot stability, are required for ade-
guate action of the ankle plantarflexors (14). Biomechanical
parameters during HR, such as ground reaction force (GRF),
CoP, and CoM, and their association with performance on
functional tests frequently assessed in older adults, would
allow for a better understanding of the prescription of plantar
flexor strengthening exercises as a measure to mitigate fall
risk. However, the association between these biomechanical
parameters and performance on functional and stability tasks
in older adults has been little discussed. The study aimed to
describe the association between the biomechanical param-
eters of HR and single-leg stability, functional mobility, and
walking speed in community-dwelling older adults. We
hypothesize that the biomechanical parameters of heel rise
would be associated with locomotion and, therefore, dete-
riorate, just as functional tests and balance are affected in
older adults.

© 2025 The Authors. Published by AboutScience - www.aboutscience.eu

Arch Physioter 2025; 15: 207

Methods

A cross-sectional study was conducted, inviting all
community-dwelling, self-sufficient adults aged 60 and
above who participated in a multimodal program offered
at various primary care centers across the city. A total of 86
individuals were assessed between December and January
2024, of whom sixty-nine completed all evaluations (Fig. 1).
Participants with evident balance disorders or who used
walk-assistive devices were excluded (excluded = 3 ). During
the initial interview, information was also collected regarding
the presence of stroke sequelae, neurodegenerative diseases,
diabetic foot, tendon injuries or fractures of the ankle or foot,
or relevant medical history (excluded = 2). Additionally, indi-
viduals who failed to complete one or more functional tests
(excluded = 10) or who did not understand the instructions
and performed the tests poorly were excluded (excluded = 2).
All participants received information about the study’s pur-
pose before providing their written informed consent, which
was approved by the Scientific Ethics Committee of the
University Institution in accordance with the guidelines of
the Declaration of Helsinki.

The sample size was calculated based on an estimated
medium correlation size of 0.3, which is the ratio reported for
associations between ankle and foot strength and functional
tests in older adults (18). Considering a significance level of
0.05 and a power of 80%, the calculation obtained indicated
that 64 participants were needed.

Enrollment

Assessed for eligibility (n = 86)

Excluded (n=5)
* Balance disorders or who used to walk
assistive devices (n = 3)
* Stroke sequelae (n=2)

Inclusion

Included in the study and according to study
criteria (n=81)

Excluded (n=12)
«  Not complete all the study tests (n=10)
* Performed the functional tests
incorrectly (n=2)

Analysed (n=69)
+ Excluded from analysis (n=0)

Analysis

FIGURE 1 - Study participant flow chart.

Procedure

The anthropometric assessment was carried out accord-
ing to the standardized protocol of the International Society
for the Advancement of Kinanthropometry (ISAK) (19).
Height was measured using a portable stadiometer (Seca
213, Seca Corporation, Germany), and Bw was assessed
with an eight-electrode bioelectrical impedance scale
(Huawei Scale 3 Pro, China). Waist and calf circumferences
were measured using a flexible tape measure, following the
methodological recommendations described by Lera et al.
(2014 ) (20).
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Then, the functional tests of the TUG, single leg stance
(SLS), and walking speed (WS) were assessed. An obstacle-
free corridor was used for the TUG test, with a cone placed
3 meters from a chair with a backrest and a height of 40 cm.
Each participant was instructed to start from a seated posi-
tion, stand up without assistance, walk three meters, turn
180°, return to the starting point, and sit down again. The
test was performed twice, asking the participant to complete
it in the shortest possible time. The time was recorded with
a stopwatch, and the shortest time obtained from the two
attempts was used for analysis (21). The SLS was used to
assess static balance. Before lifting the leg, the subject was
instructed to cross their arms over the chest. A stopwatch
was used to measure the time the subject could maintain bal-
ance on one leg. Timing began when the foot was lifted off
the ground and ended if: (a) the arms were uncrossed, (b) the
raised foot moved or touched the ground, (c) the support-
ing foot shifted to maintain balance, or (d) the maximum of
30 seconds was reached. The procedure was repeated three
times, and the longest time obtained on the dominant leg
was recorded for analysis (22). The WS test was conducted
along a 4-meter corridor, measuring the time it took partic-
ipants to comfortably walk a central 3-meter distance, with
1 meter allocated before and after for the acceleration and
deceleration phases (23). The procedure was applied once,
and the recording was used for analysis.

For the bilateral HR test, a clinician-guided warm-up was
previously performed for 5 minutes, which included gen-
eral mobility and flexibility exercises for the ankle and foot,
followed by 30 seated HR tests and familiarization with the
standing HR test through three repetitions to ensure ade-
quate test performance. Then, each participant stood bare-
foot, with feet parallel, on a force platform (Bertec, USA) in
front of a wall. They were instructed to rise both heels “as
high and as fast as possible”. The lowering of the heels was
self-determined without receiving instructions for its con-
trol. During the execution of the test, each participant was
instructed according to the procedure previously used for
the bilateral heel rise (3,6). The participant could lightly sup-
port themselves against the wall with their fingers without
assisting or pushing their body against it during the test. This
was only used to avoid losing balance and ensure vertical
displacement. Three valid repetitions were performed, elim-
inating those that presented visually noticeable asymmetry
when lifting both heels, low elevation of both heels and loss
of balance.

The force platform was configured to obtain the vertical
ground reaction force (VGRF) and CoP signal at 200 Hz. The
signals were smoothed post hoc with a 2nd-order filter and a
10 Hz low-pass filter, and the vGRF was adjusted to each par-
ticipant’s Bw. The signal onset was determined when the curve
exceeded 3 SD of the pre-task resting signal average (24).

Figure 2 presents the variables obtained according to the
phases defined for the HR. The rise phase was determined
from the onset to the lowest point of the curve, and the drop
phase was determined from the lowest point of the curve to
the second peak of force.

The biomechanical parameter of peak force was deter-
mined from the top of the vGRF signal, and peak time was
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FIGURE 2 - Graphical summary of an example of the variables obtai-
ned during the Heel rise (HR) test. In the graph, the GRF is plotted on
the vertical axis, and time in seconds is plotted on the horizontal axis.
At the beginning of the recording, we observe the GRF line (in black)
when the participant stands on the platform and registers their Bw.
They then initiate the HR (point A: onset) by raising the heel (points
ABC: rise phase) to the toe position (point C). They then lower the
heel (points CD: drop phase) until the entire foot is in contact with
the ground. The red line represents the displacement of the CoM,
the blue line represents the CoM velocity, and the green and purple
lines represent the displacements of the center of pressure in x and
y, respectively. In addition, the impulse (shaded area under the curve
at points AB and the projection of Bw) is shown in the GRF record.

the difference between the onset and peak force time (24).
Impulse was obtained from the area under the curve of the
rise phase between the onset and when the signal equaled
the Bw (25). Vertical stiffness (Kv) was obtained using a
one-dimensional mass-spring model (26), which comprises a
single mass (e.g., body mass) supported by a single spring-
like system, represented, for example, by the legs. Therefore,
this model enabled the calculation of vertical stiffness (Kv)
by analyzing the relationship between the HR and the length
change during the linear movement, as determined by the
vertical displacement of the CoM and the vGRF. The CoM
displacement was obtained by applying a double integration
of the vertical acceleration with respect to time obtained
from the vGRF (a = F/m), as reported (27). Kv (Bw/m), veloc-
ity (m/s), and CoM displacement (m) were obtained in both
phases of the HR. The CoP in the anteroposterior (CoP y) and
lateral (CoP x) axes were obtained during the HR. The Root
Mean Square (RMS) value, which determines the average
absolute displacement of the CoP around its mean position
and CoP displacement in each axis, was analyzed for both the
rise and drop phases.

Statistical analysis

Data were tabulated and presented as means and stan-
dard deviations for each HR phase and functional test.
Normality assumptions were checked using the Kolmogorov-
Smirnov test (p > 0.05). Associations between functional tests
and biomechanical parameters were examined using bivari-
ate correlations with Spearman rank correlation coefficients
(rho). For the interpretation of the associations, the mag-
nitude of rho in the range 0.1-0.29 was considered a small
association, 0.3-0.49 a medium association, and >0.5 a large
association (28). All analyses and graphs were performed
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using GraphPad Prism (GraphPad Software Inc., USA), with a
significance level of 0.05.

Results

Table 1 describes the characteristics of the participants
in the study sample. The older adults had an average age of
74 (62-88) years, a height of 1.54 (1.4-1.7) m, a weight of
70.3 (43.6-106.8) kg, a BMI of 29.4 (20.2-44.7) kg/m2, and
61 (88%) women and 8 (12%) men. In addition, they had a
waist circumference of 94.9 (71-126) cm and a calf circumfer-
ence of 36.1 (27-45) cm.

TABLE 1 - Characteristics of the study sample participants. Mean,
standard deviation (SD), and minimum-maximum values are
presented

Characteristics n total = 69
Sex (%women / %men) 88%/12%

Mean SD Min-Max
Age,y 74.1 6.8 62.2-88.7
HR. Bpm 74.9 9.7 54.0-108.0
SBP, mmhg 134.1 19.6 104.0-190.0
DBP, mmhg 76.2 10.0 52.0-104.0
Weight, kg 70.3 15.2 43.6-106.8
Height, m 1.54 0.7 1.39-1.72
BMI, kg/m? 29.4 4.8 20.2-44.7
WC, cm 94.9 10.8 71.0-126.0
HC, cm 104.6 9.7 89.0-132.0
MCC, cm 36.1 3.6 27.0-45.0

Abbreviations: Y = years, HR = Heart rate, SBP = Sistolic blood pressure,
DBP = Diastolic blood pressure, bpm = beat per minute, mmHg = millimeter
of mercury, kg = Kilograms, cm = centimeters, kg/m? = kilograms per square
meter, WC = Waist circumference, HC = Hip circumference, MCC = Max Calf
circumference.

Heel rise during the rise and drop phases, and
functional tests

Table 2 summarizes the results of the functional test per-
formance and biomechanical parameters during the rise and
drop phases. It was observed that the older subjects showed
a CoPy (anteroposterior axis) displacement of 0.093, SD 0.02
m, a CoM velocity of 0.40, SD 0.09 m/s, a CoM vertical dis-
placement of 0.05, SD 0.03 m and a vertical stiffness of 10.0,
SD 6.2 Bw/m during the rise phase. On the other hand, during
the drop phase, a CoPy displacement of 0.006, SD 0.00 m,
CoM velocity of 0.21, SD 0.05 m/s, CoM displacement of
0.08, SD 0.05 m, and a vertical stiffness of 13.7, SD 13.7 Bw/m
were obtained.

Correlations between the biomechanical parameters and
the functional tests

The HR correlations with the functional tests (Table 3)
showed a large correlation between the functional tests
with the peak force (TUG: rho = -0.566 (-0.711, -0.374),
p<0.001; WS: rho = 0.567 (0.376, 0.712), p<0.001), a medium
correlation of the TUG and WS with the peak time (TUG:
rho=0.385(0.157,0.575), p=0.001; WS: rho=-0.384 (-0.574,

© 2025 The Authors. Published by AboutScience - www.aboutscience.eu
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-0.155), p =0.001), and no correlation of the impulse with the
functional tests (p>0.05). In the rise phase, in general, the
functional tests did not present a correlation with the dis-
placement and RMS of the CoP (p>0.05), but this was not the
case in the drop phase, where a significant correlation was
observed with the anteroposterior displacement with the
functional tests (TUG: rho = -0.562 (-0.708, -0.369), p<0.001;
WS: rho = 0.558 (0.364, 0.705), p<0.001).

On the other hand, vertical stiffness showed a small to
medium correlation in the rise phase (TUG: rho = -0.434
(-0.613, -0.214), p<0.001; WS: rho = 0.474 (0.261, 0.643),
p<0.001), and also in the drop phase (TUG: rho = -0.387
(-0.576, -0.159), p = 0.001; WS: rho = 0.445 (0.226, 0.621),
p<0.001). Similar behavior was shown by the CoM velocity
in the rise phase (TUG: rho=-0.576 (-0.719, -0.387), p<0.001;
WS: rho = 0.546 (0.349, 0.697), p<0.001) and in the drop
phase (TUG: rho = -0.592 (-0.730, -0.408), p<0.001; WS:
rho = 0.571 (0.380, 0.715), p<0.001). The CoM displacement
did not present correlations with the functional tests in
either of the two phases of the HR (p>0.05). All correlations
were also illustrated in figures, see supplementary material.

Correlations between biomechanical parameters and the
balance test

Correlations of HR biomechanical parameters with bal-
ance tests (see also Table 3) showed a medium correla-
tion between SLS performance and peak force (rho = 0.387
(0.159, 0.576), p = 0.001), but no correlation with peak time
and impulse (p>0.05). CoP displacement and RMS showed
a significant large correlation between anteroposterior dis-
placement and SLS (p = 0.511 (0.306, 0.671), p<0.001) only
in the drop phase.

Vertical stiffness showed a small correlation in the rise
phase (SLS: rho = 0.262 (0.020, 0.475), p = 0.029) and in
the drop phase (SLS: rho = 0.278 (0.037, 0.488), p = 0.020).
CoM velocity showed a medium and large correlation with
SLS in the rise and drop phases (rho = 0.383 (0.154, 0.573),
p = 0.001; rho = 0.543 (0.346, 0.695), p<0.001, respec-
tively). As with the functional tests, the correlations with
the balance test were illustrated in the figures (see also
supplementary material).

Discussion

The present study aimed to describe the association
between the biomechanical parameters of HR and single-leg
stability, functional mobility, and walking speed in community-
dwelling older adults. The main results show that greater
peak force and shorter peak time in the rise phase during
HR are more associated with better performance in walking
and speed tests, such as the TUG and WS, than with balance
(SLS). Additionally, a greater anteroposterior displacement of
the CoP was associated with better performance in the drop
phase of the three functional tests but not in the rise phase.
Finally, greater vertical stiffness and velocity of the CoM were
associated with better functional performance in the tests in
both phases.

Postural balance impairment in older adults has been
frequently associated with greater oscillation of the CoP due
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TABLE 2 - Summary of biomechanical parameters of the heel rise and functional tests in older adults. Values obtained during the rise and

drop phases and functional tests in older adults are presented. Values are presented as mean (standard deviation)

Heel rise Mean (SD) Heel drop Mean (SD) Functional test Mean (SD)
Fpeak (Bw) 1.34 (0.1) n.a. n.a.

Impulse (Ns) 179.0 (40.9) n.a. n.a. TUG (s) 8.7 (1.9)
Time Peak (ms) 149.0 (31.3) n.a. n.a.

RMS CoP x (m) 0.015 (0.01) RMS CoP x (m) 0.016 (0.01)

RMS CoPy (m) 0.060 (0.02) | RMS CoP y (m) 0.067 (0.03) 5159 102 (10.4
Displacement Cop x (m) 0.022 (0.01) Displacement CoP x (m) 0.013 (0.01)

Displacement CoP y (m) 0.093 (0.02) Displacement Cop y (m) 0.006 (0.00)

Vertical Stiffness (Bw/m) 10.0 (6.2) Vertical Stiffness (Bw/m) 13.7 (13.7)

Displacement CoM (m) 0.05 (0.03) Displacement CoM (m) 0.08 (0.05) WS (m/s) 1.19(0.2)
Velocity CoM (m/s) 0.40 (0.09) Velocity CoM (m/s) 0.21 (0.05)

Abbreviations: Fpeak: Force peak (maximum vertical ground reaction force during hell rise); Bw: body weight; ms: milliseconds; RMS: Root Mean Square; CoPx:
center of pressure mediolateral direction; CoPx: center of pressure anteroposterior direction; m: meter; CoM: center of mass; m/s: meter/second; n.a.: not
applicable; TUG: timed Up & Go test; SLS: single leg stance; WS: walking speed.

TABLE 3 - Correlations between biomechanical parameters of the heel rise and the performance of functional tests. Spearman rank cor-
relation coefficient values and confidence Interval 95% are presented, and significant values are shown in bold

Outcomes TUG SLS WS

rho Cl 95% p rho Cl 95% p rho Cl 95% p
Heel rise
Fpeak (Bw) -0.566 :%';171' <0.001 0.387 %f;é 0.001 0.567 %37712 <0.001
Impulse (Ns) 0.013 'gégg' 0910  -0.102 ‘g_fﬂ' 0401  0.045 'gégg' 0.707
Time Peak (ms) 0.385 gé‘%’ 0.001 -0.133 '8?% 0.273 -0.384 '_%"51?;' 0.001
RMS CoP x (m) 0.246 0'8_236329' 0.041 -0.073 '8_’57131' 0.549 -0.151 6%39%% 0.215
RMS CoP y (m) -0.224 6%414937' 0063 0202 ‘8_’2352' 0094 0206 ‘8_‘2?5' 0.088
Displacement CoP x (m) -0.087 'g:f;;" 0.476 -0.012 ‘8:5?5' 0.919 0.149 ‘8‘2%’ 0.221
Displacement CoP y (m) -0.117 '8_’?5’8' 0.337 0.095 g;i 0.436 0.110 'g_ﬁi' 0.366
Vertical Stiffness (Bw/m) -0.434 ’_%glli' <0.001 0262 %‘327%' 0.029 0474 %éilg' <0.001
Displacement CoM (m) 0.196 '8:21‘3' 0.105 -0.095 ‘g:fé’i' 0.435 -0.247 ‘_%é%i’ 0.040
Velocity CoM (m/s) -0.576 ‘_%_73%97' <0.001 0383 %'_15572' 0.001 0546 %_36‘;3' <0.001
Heel drop
RMS CoP x (m) 0.073 'géﬁ' 0546  -0.012 ‘gégf' 0915 0012 '8;3;' 0.919
RMS CoP y (m) -0.161 _8,'352' 0.184 0.146 '8&92’ 0.229 0.120 ‘gégg" 0.323
Displacement CoP x (m) -0.270 '_%'_‘gié' 0.024 0102 '8_;‘3‘;" 0400 0226 'gﬂ;' 0.061
Displacement CoP y (m) -0.562 :%2%89’ <0.001 0.511 %36361’ <0.001 0.558 %e;gi’ <0.001
Vertical Stiffness (Bw/m) -0.387 '_%"512% 0.001 0.278 3‘,3‘278’ 0.020 0.445 %‘26222' <0.001
Displacement CoM (m) 0018 'g_gég' 0.879 0049 'gégg' 0686  -0.109 '8_?;‘;" 0.368
Velocity CoM (m/s) -0.592 '_%'.Z%% <0.001 0.543 %'36‘;‘2' <0.001 0.571 %ﬁ% <0.001

Abbreviations: Fpeak: Force peak (maximum vertical ground reaction force during hell rise); Bw: body weight; ms: milliseconds; RMS: Root Mean Square; CoPx:
center of pressure mediolateral direction; CoPx: center of pressure anteroposterior direction; m: meter; CoM: center of mass; m/s: meter/second; TUG: timed
Up & Go test; SLS: single leg stance; WS: walking speed.
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to impaired postural control, which increases the risk of falls
(29). In dynamic tasks such as HR, a greater anterior displace-
ment of the CoP and CoM, as well as increased work of the
ankle plantarflexor muscles, has been observed (30). Our
results showed that a greater anteroposterior displacement
of the CoP during the drop phase was associated with better
performance in the three functional tests studied, but not
during the rise phase. Few studies have analyzed the drop
phase during HR in older adults; however, physiotherapists
are known to prescribe eccentric ankle plantarflexor training
when controlling heel drop (31,32). Therefore, the ability to
better control balance in different tasks would depend not
only on the concentric capacity of the ankle plantar flexors
but also on the eccentric control capacity required to control
movement (29). Furthermore, foot and ankle biomechan-
ics are affected by advancing age, with increased stiffness,
decreased range of motion, and postural changes in the
foot, resulting in decreased propulsion capacity, for example,
during walking (33). Along these lines, plantarflexor training
has shown benefits in heel rise strength, dynamic balance
(34), and in reducing the risk of falls, through a reduced fear
of falling and increased fall self-efficacy in older adults (8).

In functional transfer tasks, such as gait, the ankle-foot
complex needs to be able to transition between flexible and
stiff conditions in order to adequately act during the push-
off and absorption of foot impact in the stance phase (35).
Our results showed that in both phases of HR, rise and drop,
greater vertical stiffness and vertical CoP velocity were asso-
ciated with better performance in functional tests in older
adults. Although it has been described that both muscle
strength and joint flexibility decrease in advanced ages,
which would cause a lower functional capacity in balance and
walking (36), older adults have shown that ankle mechani-
cal stiffness is maintained in activities such as walking due to
neural and musculoskeletal changes to maintain ankle stabil-
ity (37). This could explain the association found between the
biomechanical parameters and the functional tests analyzed.
However, neither the plantarflexor muscle strength nor ankle
range of motion was part of this study, making it necessary
to incorporate these control parameters when evaluating HR.

Regarding the clinical implications of this study, the fast
bilateral heel rise provides a compact window into several
capacities—strength, power and balance control—that are
important for everyday mobility in late life. Decades of work
with the unilateral version already show that the number of
pain-free rises an older person can complete mirrors their
static and dynamic balance scores (38), and the test itself is
both easy to teach and highly reliable across sessions and
examiners (39). When heel rise metrics are normalized to
body mass, they track plantar-flexor torque almost as well
as an isokinetic dynamometer, yet need only a stopwatch or
force plate.

More recently, researchers have begun to connect those
same metrics with downstream outcomes that physiother-
apists care about. Slower gait speed, shorter strides, and
longer double-support phases—kinematic fingerprints of
fall-prone elders—co-vary with weaker or slower heel-rise
performance, suggesting a shared physiological bottleneck
in ankle power generation (40). Sadeh et al. (2023) study on
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sit-to-stand mechanics shows a similar result. Compared to
younger adults, seniors take longer to stand, flex their trunks
more, and sway more afterward, all hallmarks of reduced
ankle stiffness and delayed plantar-flexor activation (41).
Interestingly, even brief interventions can make a significant
impact. An eight-week balance block that blended progres-
sive calf-raise drills with sensory-challenge exercises cut TUG
times and trimmed fall-risk scores in community-dwelling
participants over 70 (8).

Technological tools have also taken on importance in
these areas. Pressure mats in footwear, inertial units, and
small force sensors attached to the heel can record elevation
height, velocity, and even fatigue-induced asymmetries, turn-
ing a two-minute field test into a clinical-quality data stream
without the need to strap the patient into bulky laboratory
equipment (42). Together, these developments position the
heel rise not merely as a snapshot of calf strength but as a
versatile, intervention-responsive marker that physiothera-
pists can use to screen, stratify, and track older adults who
are slipping toward mobility loss or recurrent falls.

This study is not without limitations. An important aspect
was that ankle plantarflexor muscle strength and ankle joint
range of motion were not measured, which would limit
the interpretation of some functional performance results
in older adults, which have been shown to be related to
strength and mobility capacity. Studies analyzing biomechan-
ical factors in this type of dynamic testing should consider
strength and mobility capacities in older adults, as well as
attempt to compare these parameters with younger or mid-
dle-aged individuals. Another limitation was that the sample
of participants presented a significant difference in the num-
ber of women compared to older men. Although it has been
reported that sex does not influence both the concentric and
eccentric phases of the HR (9), maximum strength values
were normalized concerning Bw to control for differences
obtained when using absolute strength values. Another fac-
tor that could limit the analysis of the results was the meth-
odological configuration used, which allowed finger support
during the HR execution. Although other studies have pro-
posed this configuration (3,6), no form of control was applied
to this strategy, nor was the number of participants who used
or required this support considered, which should be taken
into account in future applications of this test in older adults.

Conclusion

Older adults present biomechanical parameters of HR
that are more closely associated with functional tests, such
as the TUG and WS, than with balance tests (SLS). The fast
HR showed associations with vGRF, anteroposterior displace-
ment control, vertical stiffness, and vertical speed with tasks
of greater dynamic demand, such as TUG and WS. Bilateral
rapid heel rise and its biomechanical demands offer inter-
esting insight into functional capabilities important for daily
mobility in old age.
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