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Falls are a leading cause of injury-related hospitalization, morbidity, and mortality
in older adults, with impaired postural control serving as a key predictor of
fall risk. The triceps surae, and particularly the soleus, plays a central role in
maintaining upright stance by generating continuous plantarflexion moments
that stabilize the body's center of mass. This mini-review summarizes evidence
for the neuromechanical contributions of the soleus to postural stability and
how these functions decline with age. Mechanically, the soleus acts as a brace
for balance, providing sustained torque through fatigue-resistant type | fibers
and a compliant Achilles tendon that buffers perturbations and contributes
to ankle stiffness. Age-related reductions in tendon stiffness and rate of
torque development compromise these stabilizing properties, increasing fall
susceptibility. When passive stiffness is insufficient, the soleus compensates
through active contraction, trading energy cost of activation for joint stability.
Reflexively, the soleus serves as a stabilizer of balance through strong coupling
to spinal, cutaneous, vestibular, and transcortical pathways that rapidly adjust
muscle activation in response to perturbations. These reflex mechanisms also
degrade with aging, leading to delayed, less adaptable responses. Together,
age-related mechanical and neural deterioration reduce the soleus’ ability to
sustain balance and contribute to fall recovery. Preserving soleus strength,
tendon stiffness, and reflex adaptability through targeted neuromuscular and
perturbation-based training may represent an underrecognized but effective
strategy to mitigate fall risk and maintain postural control in older adults.

fall prevention, postural stability, balance, fall risk, tendon stiffness

Introduction

Impaired postural control is a major contributor to fall risk (Howcroft et al., 2017). Each
year, 20%-30% of adults over 65 experience a fall, making falls the leading cause of injury-
related hospitalization, morbidity, and mortality among Canadian seniors (Statcan, 2025).
Between 2001 and 2019, fall-related mortality and hospitalization represented 87% of all
injury-related hospitalizations in this population. The annual direct cost of injurious falls in
Canada was estimated at CAD 5.6 billion in 2018 (Canada, 2025).

In quiet standing, the body’s center of mass (COM) lies anterior to the ankle joint,
requiring a continuous plantarflexor (PF) moment to counteract forward sway. This moment
arises from passive tissue properties, active muscle contractions, and reflex-mediated
responses (Sasagawa et al., 2009). While the biarticular medial and lateral gastrocnemii
contribute to both plantarflexion and knee flexion, the monoarticular soleus is mechanically
specialized for sustained low-intensity plantarflexion moments during upright stance,
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making it uniquely suited to generate this continuous PF moment to
maintain postural stability.

Among the PFs, the soleus contributes the largest proportion of
active strength during quiet standing due to its large physiological
cross-sectional area (Bohm et al.,, 2019) and high proportion of
type I fibers (~80%) (Edgerton et al., 1975; Johnson et al., 1973).
This composition makes the soleus highly fatigue resistant, ideally
suited for postural stability maintenance (Fitts and Holloszy, 1977).
In contrast, the more mixed fibred gastrocnemii (~57% type I) are
better suited for intermittent, high-force reactive balance corrections
(Héroux et al., 2014). The soleus therefore plays a larger role during
quiet stance, while the gastrocnemii are critical to respond to
unexpected balance perturbations. The soleus muscle-tendon unit
also contributes passively to stability, with its short, slow fibers
and long compliant Achilles tendon might buffer perturbations,
allowing the muscle to remain isometric during small body sways.
In contrast, with a stiffer tendon, any body sway would be sensed
more directly by the muscle fibers themselves, since forces would be
more directly transmitted to them. A greater tendon stiffness may
also help maintain ankle stiffness (Loram et al., 2009). With aging,
declines in tendon stiffness, together or independent of age-related
declines in muscle strength, reduce PF force transmission to control
postural stability (Stenroth et al., 2012; Miyazawa et al., 2025),
increasing the risk of falls (Maki et al, 1994; Piirtola and
Era, 2006). Preserving soleus strength and tendon stiffness
may therefore help offset these mechanical deficits in older
adults.

Neural pathways complement these mechanical features,
providing rapid, reflexive modulation in response to internal and
external perturbations (Chen and Zhou, 2011; Nakajima et al., 2006;
Watson and Colebatch, 1998). The soleus is well suited for reflexive
postural control due to its tonic activation, low recruitment
threshold, and high reflex gain (Knikou, 2008). However, aging
disrupts these reflex pathways, leading to delayed activation,
diminished modulation, and reduced adaptability, all of which
contribute to increased fall risk (Mynark and Koceja, 2002).
Together, mechanical and reflexive mechanisms of the soleus may
mediate postural sway to prevent these falls.

This mini-review summarizes current evidence for the
neuromechanical contributions of the soleus to postural stability
and fall prevention, with a focus on age-related declines. We
examine the soleus’ key mechanical properties and neural control
mechanisms that together support its role as a mechanical brace
and reflexive stabilizer. The neuromechanics of quiet stance do not
fully generalize to real-world slips and trips; however, linking soleus
characteristics to fall risk, we highlight the soleus as a promising
target for interventions aimed at preserving postural control in
older adults.

Soleus as a mechanical brace for
balance

PF strength and power are both linked to fall risk in aging.
Older fallers exhibit lower PF strength, reduced rate of torque
development (RTD), and diminished impulse compared to non-
fallers (LaRoche et al., 2010). Static balance, however, is only weakly
correlated with PF strength, whereas dynamic balance demonstrates
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a stronger relationship (Tavakkoli et al., 2021). Han and Yang (2015)
demonstrated that maximal joint power predicted slip outcomes
with greater accuracy than maximal joint torque, suggesting that the
ability to generate power, particularly across larger, more proximal
joints like the hip and knee, is more relevant to slip recovery than
maximal strength.

The anterior moment of the body’s centre of mass cannot
be counteracted by passive ankle stiffness alone; muscles must
remain active to maintain postural stability. The fatigue-resistant
Type I fibers of the soleus are well-suited for this maintenance
of force, particularly during aging when muscle power declines
to a greater extent than muscle strength (Wiegmann et al,, 2021).
Muscle strength correlates with Achilles tendon stiffness, which
also declines with age, reducing the passive contribution of
tendon stiffness to postural stability with aging. Reduced Achilles
tendon stiffness slows RTD, lengthens electromechanical delay
(Isabelle et al., 2003; Muraoka et al., 2025), and can shift fibers away
from their optimal length potentially reducing maximal force output
(Bohm et al.,, 2019). The cumulative effect is slower mechanical
responses during standing balance, and an impaired ability to
generate the rapid torque needed for recovery from slips or trips.
Together, compared to the gastrocnemius with its relatively high
proportion of Type II fibers, muscle quantity (Ishihara et al., 1987;
Deschenes, 2004), quality (Kim and Franz, 2021) and motor
unit number (Dalton et al., 2008) are relatively preserved in
aging in the soleus making it equipped to prevent falls in older
adults.

Although our focus is quiet stance, gait mechanics highlight
how tendon-fascicle characteristics shape energetic cost and
torque capacity. In healthy, recreationally active young males
walking at their preferred walking speed, the soleus undergoes
a moderate stretch-shorten cycle across the shallow ascending
limb of its force-length relationship (Rubenson et al, 2012).
With reduced Achilles tendon stiffness, muscle fascicles shorten
more against a more compliant in-series tendon. In theory,
this additional shortening would require an additional muscle
energy cost (Fletcher et al,, 2013). However, during gait, much
of the soleus fascicle shortening occurs during deactivation
(Rubenson et al., 2012), while the fascicles are still at a relatively
high (~75%) maximal force potential. This stretch-shorten fascicle
behaviour appears reduced when older adults walk at the preferred
speed of young adults. When older adults walk at the preferred
speed of young adults (approximately 20% faster than older
adults), the stretch-shorten cycle behaviour of the soleus fascicles
is reduced, and older adults walk with shorter fascicle lengths at
this speed (Panizzolo et al., 2013). The shorter fascicle lengths
would reduce the soleus force potential at that speed, potentially
elevating the metabolic cost of contraction and/or the fatiguability
of the soleus during walking (Beck et al., 2022; Skaper et al., 2025;
Nguyen et al., 2025). To compensate, older adults typically choose
a slower preferred walking speed such that the soleus fascicles
undergo a greater stretch-shorten cycle and/or operate at shorter
muscle lengths comparable to young adults (Panizzolo et al., 2013).
Together, reduced tendon stiffness, slower RTD, and diminished
passive joint stiffness compromise rapid balance corrections, even
as the soleus remains the primary contributor to PF moment during
upright stance.
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Active compensatory role

When passive contributions to ankle joint stiffness are
(e.g., with aging),
through

insufficient the neuromuscular system

compensates increased muscle  co-contractions.
Sasagawa et al. (2009) demonstrated that diminished passive
stiffness at the ankle leads to higher levels of co-contraction between
PFs and dorsiflexors. While this strategy stabilizes the joint, it might
come at a higher energy cost of walking (Piche et al., 2022; Peterson
and Martin, 2010), since a larger volume of agonist-antagonist
muscle must be recruited (Taylor, 1994).

The notion that co-contraction is a compensatory mechanism to
an insufficient and/or reduced passive stiffness as a neuromuscular
strategy to aid in fall prevention is evident in clinical hypermobility
and in aging. For example, in individuals with joint hypermobility-
related conditions, passive joint stiffness is reduced as a result
of changes in collagen content and cross-linking. Co-contraction
of lower limb joints appears as an active muscle solution to this
reduced passive joint stiffness. For example, Sheehan et al. (2025)
show that co-contraction of agonist-antagonist ankle joint pairs
during walking is greater in individuals with joint hypermobility,
compared to age- and sex-matched individuals without joint
hypermobility. Similarly, in older adults, Pijnappels et al. (2001)
found significant increases in the activity of the hamstrings,
gastrocnemius, soleus, and gluteus maximus following a trip
perturbation compared to normal walking. Co-contraction of
muscles crossing the ankle joint were higher in older compared
to younger adults (Iwamoto et al., 2017), while within an older
adult cohort, Nelson-Wong et al. (2012) demonstrated a higher co-
contraction ratio in older adults deemed at a greater risk of falls.
These findings indicate that co-contraction strategies extend beyond
the ankle to involve multiple muscle groups in the lower limb,
highlighting the systemic nature of neuromuscular compensation
for reduced passive stiffness. The fatigue-resistant soleus can remain
active for long periods of time, whereas its primary antagonist,
the tibialis anterior, fatigues more readily. This asymmetry may
influence how long co-contraction can be sustained, reducing the
overall efficiency of postural control.

Collectively, these results highlight the cost-benefit of active
muscle co-contraction to stabilize joints and prevent falls. Co-
contraction provides mechanical stability when passive structures
are insufficient to maintain stability but an increase in metabolic
cost associated with muscle activation may accelerate muscle fatigue.
Because tibialis anterior fatigues more readily than the soleus,
sustained co-contraction may degrade dorsiflexor output over
time. The soleus” passive and active mechanical properties make
it uniquely effective as a stabilizer for balance while mitigating
PF fatigue when passive stiffness is insufficient to maintain
postural control.

Soleus as a reflexive stabilizer of balance

The soleus plays a critical role in postural control and is uniquely
positioned as a reflexive stabilizer during quiet stance because of
its slow-twitch phenotype, continuous postural activation, and
strong spinal connectivity (Edgerton et al., 1975; Knikou, 2008).
Soleus activity and tone are shaped by multiple reflex pathways
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that help it anticipate and respond to balance perturbations. The
soleus is commonly included in postural reflex studies as it provides
a reliable window in reflex function across the life span. The
spinal stretch reflex, commonly studied through the H-reflex,
provides a measure of motor neuron excitability (Knikou, 2008).
Cutaneous afferent feedback from the foot sole modulates
soleus activity to support upright stance (Zehr and Stein, 1999),
while vestibulo-spinal reflexes drive soleus activity to orient the
body in space (Fitzpatrick and Day, 2004). In addition, longer-
latency transcortical feedback loops provide context-dependent
corrections to soleus activity (Sinkjeer et al., 1999). In response
to a balance perturbation, long-latency reflexes (~120-150 m)
dominate postural corrections, whereas contributions from short-
latency spinal reflexes are comparatively small (Payne et al., 2021;
Willaert et al., 2024). These reflex pathways highlight the soleus as an
important reflexive stabilizer, and one that shows deterioration with
aging (Mynark and Koceja, 2002), and modulation with training
interventions (Taube et al., 2008). While these reflex pathways
contribute to postural control during quiet stance, their direct
impact on fall-recovery remains uncertain.

The spinal stretch and H-reflex

Short-latency stretch reflexes provide rapid response for postural
corrections. During quiet stance, forward sway stretches the
soleus, increasing muscle spindle Ia activity that monosynaptically
enhances PF activity (Chen and Zhou, 2011). These reflexes
continuously modulate motor neuron excitability and stabilize the
body. Compared to the gastrocnemius, the soleus contains a higher
density of muscle spindles (Kissane et al., 2022), reinforcing its role
as an important reflexive stabilizer.

Importantly, greater reflex amplitudes are not indicative of better
balance. Reflex gains decrease when moving from sitting to standing,
reflecting task-dependent modulation (Zehr and Stein, 1999).
Individuals with excellent balance, such as trained dancers or
gymnasts, often show reflex suppression and modulation during
standing (Nielsen et al., 1993). Under postural threat however, reflex
gains often increase, interpreted as adaptive stiffening to improve
stability (Horslen et al., 2018). Together, these findings suggest that
reflexive balance control relies on both stretch reflex sensitivity and
the capacity to appropriately scale reflexes based on task demands.

The H-reflex (Hoffman reflex) is the electrical analogue of
the mechanical stretch reflex and is one of the most widely
studied human reflexes (Knikou, 2008). In the soleus, it is elicited
by stimulating the tibial nerve, with amplitudes reflecting the
efficacy of Ia input onto alpha motor neurons. H-reflex gain is
modifiable through training and sensory context (Taube et al., 2008;
Thompson et al., 2009), and in older adults, where reduced H-reflex
gain has been observed alongside balance improvements (Mynark
and Koceja, 2002).

Aging associated with

is reduced H-reflex amplitude,

diminished  modulation across postures, and  weaker
adaptation to destabilizing conditions (Mynark et al, 2001;
Alizadehsaravi et al., 2020). It is suggested that older adults rely
more on central than peripheral mechanisms to control soleus
activation (Klass et al., 2011). These changes may reflect impaired
spinal integration and contribute to elevated fall risk, though causal

links to functional balance remain unclear.
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Cutaneous reflexes

Cutaneous afferents from fast- and slow-adapting
mechanoreceptors in the foot sole and dorsum provide contact
pressure, shear force, and velocity feedback that reflexively
modulates soleus motor neuron excitability (Zehr and Stein, 1999;
Strzalkowski et al., 2018). They exhibit strong synaptic coupling
with motor neurons innervating the soleus and other leg muscles
(Fallon et al., 2005). Soleus reflexes are stronger and more consistent
than those in the gastrocnemii, reflecting its continuous role in the
control of standing balance (Zehr and Stein, 1999).

Soleus cutaneous reflexes are location- and context-
dependent. For example, electrical stimulation of the heel
has been shown to facilitate soleus activity, while forefoot
stimulation produces inhibition (Nakajima et al., 2006). Reflex
gain is reduced during standing compared to sitting, consistent
foot

stimulation elicits inhibitory responses that guide foot placement,

with task dependent modulation. During gait, sole
highlighting the role of cutaneous input in dynamic balance
(Zehr et al., 2014).

Aging reduces both cutaneous sensitivity and reflex amplitude
decline, potentially due to peripheral receptor loss, impaired
central processing, and reduced integration with motor outputs.
Mechanically evoked cutaneous reflexes are detectable in nearly
all young adults, but in just over half of older adults, with
significantly lower reflex gain and coherence in the older group
(Peters et al., 2016a). This cutaneous reflex degradation may limit
the soleus’ ability to adaptively respond to surface changes or
slips, increasing the risk of falls. Declines in both cutaneous and
proprioceptive sensitivity are also associated with poorer balance
control in healthy older adults (Song et al., 2021).

Vestibulospinal reflexes

Vestibular input plays a central role in the maintenance of
postural orientation by encoding head acceleration and position
with respect to gravity. This sensory feedback drives postural
muscle activity in axial and limb muscles, including the soleus,
to stabilize the body during standing and gait (Fitzpatrick and
Day, 2004). Among the lower limb muscles, the soleus shows robust,
directionally specific responses to vestibular stimulation, reinforcing
its role as a reflex stabilizer (Ali et al., 2003).

Electrical vestibular stimulation (EVS) is commonly used to
noninvasively probe the vestibulospinal contributions to balance.
During upright stance, EVS evokes short- and medium-latency
reflexes in soleus, and other postural muscles that are phase-locked
to the EVS waveform and the head position and modulated by stance
width and vision (Fitzpatrick and Day, 2004). EVS-evoked soleus
responses reflect the functional integration of vestibular input with
ongoing postural commands and are sensitive to task demands and
biomechanical context.

Like other reflex pathways, soleus vestibulospinal reflexes
deteriorate with age. Older adults show reduced vestibulospinal
reflex amplitudes and altered vestibular perceptual thresholds,
including both weaker descending drive and impaired
sensory integrations in response to EVS (Dalton et al, 2014;
Peters et al., 2016b). These deficits are associated with diminished
ability to recover from unexpected perturbations and likely
arise from degraded central processing within vestibular and

postural control networks. Subthreshold EVS can improve
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postural stability in older adults, possibly by enhancing vestibular-
somatosensory integration and recalibration (McLaren et al., 2023).
This positions EVS not only as a non-invasive biomarker
of vestibular integrity but also as a promising therapeutic
tool for mitigating balance impairments in aging populations
(King et al., 2025).

Long-latency/transcortical reflexes

In addition to spinal circuits, the soleus demonstrates long-
latency reflexes (LLR), which occur 50-100 m after a perturbation.
LLRs are slower than spinal reflexes, and involve supraspinal
processing in the primary motor cortex, supplementary motor
area, and cerebellum, enabling flexible, context-dependent
corrections (Deligiannis et al., 2024). Unlike short-latency reflexes,
which are relatively stereotyped, LLRs are highly adaptable,
modulated by postural threat, surface stability, and cognitive load
(Deligiannis et al., 2024). This flexibility allows the soleus activity to
be adjusted in real time to changing task demands. With aging,
LLRs in the soleus become delayed, smaller in amplitude, and
less well modulated, potentially reflecting slowed conduction,
reduced cortical excitability, and impaired sensorimotor integration
(Deligiannis et al., 2024; Papegaaij et al., 2014). These deficits may
limit the ability to generate rapid, context-specific corrections,
contributing to instability and increased fall risk in older adults.

Collectively, these reflex pathways position the soleus as
an important reflexive stabilizer, uniquely suited to maintain
standing balance through high afferent coupling, tonic low-
level activation, and multilevel reflex control. With aging, losses
in sensitivity, excitability, and adaptability across these reflex
pathways weaken the soleus’ stabilizer role. These reflex pathways
provide a modifiable target for fall prevention strategies in older
adults.

Discussion

In this mini-review, we advance the thesis that the soleus
plays an outsized role in standing balance due to its unique
mechanical and reflexive properties. These properties deteriorate
with age, narrowing stability margins during quiet stance reducing
the capacity to respond to perturbations (Figure 1). Framing
the soleus as both a mechanical brace and a reflexive stabilizer
highlights that balance control depends on the combination of
rate-sensitive torque capacity, operating point of the muscle force-
length curve, and task-dependent scaling of multi-sensory reflex
pathways.

On the mechanical side, the soleus’ short, fatigue resistant fibers
in series with the long Achilles tendon, sets an operating point that
favors low-frequency torque control and energy buffering during
small, continuous perturbations of quiet stance (Loram et al., 2005).
The compliant Achilles tendon buffers small movements, while
lengthening electromechanical delays and shifting the timing of
reflex-driven corrections to later phases in sway (Cronin et al., 2013).
This mechanical filtering reduces the need for strong corrective
reflexes, preventing overcorrections to small perturbations. As a
result, the soleus mechanically filters high-frequency noise and
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Long-latency reflexes Reflexive Stabilizer
Vestibulospinal reflexes -> With aging
Cutaneous reflexes | Reflex gain and adaptability
. 1 Conduction velocity
Spinal stretch reflexes

| Cutaneous and vestibular
afferent sensitivity

Type | fibers Mechanical Brace
Short fascicles -> With aging

Long tendon | Tendon stiffness
| Fascicle length

| Muscle cross sectional area

| Contraction velocity

FIGURE 1
Neuromechanics of the soleus in quiet stance and aging. Schematic overview illustrating how the soleus functions as both a mechanical brace and

reflexive stabilizer of standing balance. With the body’s center of mass (COM) lying anterior to the ankle, a continuous plantarflexor moment from the
soleus counteracts the forward torque (black arrow: young adult; gray arrow: older adult). The soleus muscle-tendon unit, characterized by a
predominance of type | fibers, short fascicles, and long compliant Achilles tendon, provide fatigue-resistant torque and buffers small perturbations.
Neural control of soleus activity arises from convergent reflex pathways including spinal stretch (light blue), cutaneous (dark blue), vestibulospinal (light
green), and long-latency/transcortical loops (dark green). Bulleted lists summarize age-related changes. Reflexive side: decreased reflex gain and
adaptability, slower conduction, and reduced cutaneous and vestibular afferent sensitivity. Mechanical side: reduced tendon stiffness, shorter fascicle
length, smaller muscle cross-sectional area, and slower contraction velocity.

braces the ankle, enabling the nervous system to apply slower, ~ Fall prevention vs. fall recovery

adaptive corrections. Prolonged walking can induce short-term

structural changes in the Achilles tendon (Cronin et al., 2009), The soleus’ slow-twitch and tonic recruitment make it uniquely
which also may alter force transfer between muscle fascicles to  valuable for fall prevention, while the larger more mixed-
the skeleton via tendons, further affecting the afferent output of  fiber gastrocnemii contribute disproportionately to fall recovery
muscle spindles and/or Golgi tendon organs (GTO). Age-related  (Edgerton et al., 1975; Han and Yang, 2015). More evidence in
reductions in Achilles tendon stiffness may also alter spindle and  needed to directly link soleus function to fall reduction; however,
GTO responses, elevating the risk of falling. While these passive  fall risk is linked to poor postural control (Howcroft et al., 2017).
mechanical features define the soleus as a stabilizing brace, the =~ Muscle power training, therefore, is important for maintaining
maintenance of postural stability also depends on active muscle  reactive recovery over the lifespan, but has limited influence on
control. quiet-stance sway (Tavakkoli et al., 2021; Pijnappels et al., 2008).
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The concurrent training of strength and endurance is likely the best
approach to maximize fall prevention and recovery.

Balancing tendon stiffness with compliance

Tendon stiffness dictates how muscle forces are transmitted
and joint torques produced. Increased stiffness may improve RTD
but reduce buffering capacity. We argue that the soleus operates
in a window of optimal stiffness (Lichtwark and Wilson, 2007),
compliant enough to buffer small, high frequency sways, while
allowing forces to be appropriately transmitted through the muscle-
fascial system. More work is needed to test interventions that
increase tendon stiffness, to test the impact on stability during quiet
stance and perturbations.

Tuning reflex gain

An increase in reflex gain shifts the balance of postural control
toward faster, more automatic spinal mechanisms, reducing the relative
contribution of supraspinal centers (Zehr and Stein, 1999). High
gain is useful for rapid stabilization, but at the cost of context-
appropriate flexibility and energy efficiency (Nielsen et al., 1993;
Horslen et al., 2018). Older adults often show both smaller responses
and poorer modulation (Mynark and Koceja, 2002; Peters et al., 2016b;
Papegaaij et al., 2014). Balance interventions should therefore
target adaptive tuning of reflex gain, emphasizing training that
improves context-specific modulation rather than simply increasing
the reflex amplitude. Approaches such as perturbation training,
dual-tasking balance training, and multi-sensory paradigms can
enhance the nervous system’s ability to appropriately scale reflex
responses across sensory and postural contexts (Taube et al., 2008;
Thompson et al., 2009; McLaren et al, 2023). Few studies have
linked individual soleus reflex excitability difference with fall risk,
highlighting an important area for future research.

Conclusion

The soleus is uniquely suited for sustaining postural stability due
to its fatigue-resistant profile, large cross-sectional area, and strong
reflex connectivity. Aging degrades both mechanical (tendon stiffness,
RTD) and neural (reflex modulation, conduction speed) features,
and exacerbates antagonist muscle fatigue, diminishing both the
soleus’ stabilizing role as well as active joint stiffness through agonist-
antagonist co-contraction. Although confirmatory studies linking
soleus function to fall risk are still needed, preserving soleus and
tibialis anterior function through targeted neuromuscular training
remains a promising and underappreciated strategy for improving
postural control, and potentially reducing falls in older adults, but
studies confirming this hypothesis are warranted.

References

Ali, A. S., Rowen, K. A, and Iles, J. E (2003). Vestibular actions on back
and lower limb muscles during postural tasks in man. J. Physiology 546, 615-624.
doi:10.1113/jphysiol.2002.030031

Frontiers in Physiology

10.3389/fphys.2025.1743559

Author contributions

JE:  Conceptualization, Formal Analysis, Investigation,
Methodology, Resources, Visualization, Writing — original draft,
Writing - review and editing. NS: Conceptualization, Formal
Analysis, Investigation, Methodology, Resources, Visualization,

Writing - original draft, Writing - review and editing.

Funding

The author(s) declared that financial support was received for
this work and/or its publication. JRF and NDJS are supported by the
Natural Sciences and Engineering Research Council of Canada (JRF:
NSERC, RGPIN-2020-04817; NDJS; NSERC, DDG-2025-00046).

Acknowledgements

The authors would like to sincerely thank Kristen Schaffer, PhD,
Department of Education, Mount Royal University, for creating the
figure illustrations based on concepts developed by the authors.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in
this article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever possible.
If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Alizadehsaravi, L., Bruijn, S. M. Maas, H., and van Dieén, J. H.
(2020). Modulation of soleus muscle H-reflexes and ankle muscle co-
contraction with surface compliance during unipedal balancing in young

frontiersin.org


https://doi.org/10.3389/fphys.2025.1743559
https://doi.org/10.1113/jphysiol.2002.030031
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org

Fletcher and Strzalkowski

and older adults. Exp. Brain Res. 238, 1371-1383. doi:10.1007/s00221-020-

05784-0

Beck, O. N, Trejo, L. H., Schroeder, J. N., Franz, J. R., and Sawicki, G. S. (2022).
Shorter muscle fascicle operating lengths increase the metabolic cost of cyclic force
production. J. Appl. Physiol. 133, 524-533. doi:10.1152/japplphysiol.00720.2021

Bohm, S., Mersmann, F, Santuz, A., and Arampatzis, A. (2019). The force-length-
velocity potential of the human soleus muscle is related to the energetic cost of running.
Proc. R. Soc. B Biol. Sci. 286, 286. doi:10.1098/rspb.2019.2560

Canada (2025). Seniors’ falls in Canada: second report - canada.ca. Available online
at: https://www.canada.ca/en/public-health/services/publications/healthy-living/senio
rs-falls-canada-second-report.html#s2-2 (Accessed November 6, 2025).

Chen, Y. S., and Zhou, S. (2011). Soleus H-reflex and its relation to static postural
control. Gait Posture 33, 169-178. doi:10.1016/j.gaitpost.2010.12.008

Cronin, N. ], Ishikawa, M., af Klint, R,, Komi, P. V,, Avela, J., Sinkjaer, T,
et al. (2009). Effects of prolonged walking on neural and mechanical components
of stretch responses in the human soleus muscle. J. Physiology 587, 4339-4347.
doi:10.1113/jphysiol.2009.174912

Cronin, N. J., Avela, ., Finni, T., and Peltonen, J. (2013). Differences in contractile
behaviour between the soleus and medial gastrocnemius muscles during human
walking. J. Exp. Biol. 216, 909-914. doi:10.1242/jeb.078196

Dalton, B. H., McNeil, C. J,, Doherty, T. J., and Rice, C. L. (2008). Age-related
reductions in the estimated numbers of motor units are minimal in the human soleus.
Muscle Nerve 38,1108-1115. doi:10.1002/MUS.20984

Dalton, B. H,, Blouin, J. S., Allen, M. D,, Rice, C. L., and Inglis, J. T. (2014). The altered
vestibular-evoked myogenic and whole-body postural responses in old men during
standing. Exp. Gerontol. 60, 120-128. doi:10.1016/j.exger.2014.09.020

Deligiannis, T., Barfi, M., Schlattmann, B., Kiyono, K., Kelty-Stephen, D. G., and
Mangalam, M. (2024). Selective engagement of long-latency reflexes in postural control
through wobble board training. Sci. Rep. 14, 14. d0i:10.1038/s41598-024-83101-3

Deschenes, M. R. (2004). Effects of aging on muscle fibre type and size. Sports Med.
34, 809-824. doi:10.2165/00007256-200434120-00002/FIGURES/TAB2

Edgerton, V. R., Smith, J. L., and Simpson, D. R. (1975). Muscle fibre type populations
of human leg muscles. Histochem J. 7, 259-266. doi:10.1007/BF01003594/METRICS

Fallon, J. B, Bent, L. R,, McNulty, P. A., and Macefield, V. G. (2005). Evidence
for strong synaptic coupling between single tactile afferents from the sole of
the foot and motoneurons supplying leg muscles. J. Neurophysiol. 94, 3795-3804.
doi:10.1152/jn.00359.2005

Fitts, R. H., and Holloszy, J. O. (1977). Contractile properties of rat
soleus muscle: effects of training and fatique. Am. J. Physiol. 233, C86-C9l.
doi:10.1152/AJPCELL.1977.233.3.C86

Fitzpatrick, R. C., and Day, B. L. (2004). Probing the human vestibular
system  with galvanic stimulation. J. Appl.  Physiol. 96, 2301-2316.
doi:10.1152/JAPPLPHYSIOL.00008.2004

Fletcher, J. R., Groves, E. M., Pfister, T. R., and MacIntosh, B. R. (2013). Can muscle
shortening alone, explain the energy cost of muscle contraction in vivo? Eur. J. Appl.
Physiol. 113, 2313-2322. doi:10.1007/s00421-013-2665-0

Han, L., and Yang, E. (2015). Strength or power, which is more important to prevent
slip-related falls? Hum. Mov. Sci. 44, 192-200. doi:10.1016/j.humov.2015.09.001

Héroux, M. E., Dakin, C. J., Luu, B. L., Inglis, J. T., and Blouin, J. S. (2014). Absence
of lateral gastrocnemius activity and differential motor unit behavior in soleus
and medial gastrocnemius during standing balance. J. Appl. Physiol. 116, 140-148.
doi:10.1152/JAPPLPHYSIOL.00906.2013/ASSET/IMAGES/ZDG0021409220007.JPEG

Horslen, B. C., Zaback, M., Inglis, J. T, Blouin, J. S., and Carpenter, M. G. (2018).
Increased human stretch reflex dynamic sensitivity with height-induced postural threat.
J. Physiology 596, 5251-5265. doi:10.1113/JP276459

Howcroft, J., Lemaire, E. D., and Kofman, J. (2017). Mcllroy WE. Elderly
fall risk prediction using static posturography. PLoS One 12, e0172398.
doi:10.1371/JOURNAL.PONE.0172398

Isabelle, M., Sylvie, Q. B., and Chantal, P. (2003). Electromechanical assessment of
ankle stability. Eur. J. Appl. Physiol. 88, 558-564. d0i:10.1007/S00421-002-0748-4

Ishihara, A., Naitoh, H., and Katsuta, S. (1987). Effects of ageing on the total number
of muscle fibers and motoneurons of the tibialis anterior and soleus muscles in the rat.
Brain Res. 435, 355-358. d0i:10.1016/0006-8993(87)91624-6

Iwamoto, Y., Takahashi, M., and Shinkoda, K. (2017). Differences of muscle co-
contraction of the ankle joint between young and elderly adults during dynamic
postural control at different speeds. J. Physiol. Anthropol. 36, 1-9. doi:10.1186/S40101-
017-0149-3/FIGURES/5

Johnson, M. A., Polgar, J., Weightman, D., and Appleton, D. (1973). Data on the
distribution of fibre types in thirty-six human muscles: an autopsy study. J. Neurol. Sci.
18, 111-129. doi:10.1016/0022-510X(73)90023-3

Kim, H., and Franz, J. R. (2021). Age-related differences in calf muscle recruitment
strategies in the time-frequency domain during walking as a function of task demand.
J. Appl. Physiol. 131, 1348-1360. doi:10.1152/JAPPLPHYSIOL.00262.2021

Frontiers in Physiology

07

10.3389/fphys.2025.1743559

King, J. A., Walters, N., Rodrigues, N., Al Bastami, J., Mehri, N., Chan, A., etal. (2025).
Electrical vestibular stimulation to improve balance in older adults: a pilot randomized
controlled trial. . Neuroeng Rehabil. 22, 231. doi:10.1186/s12984-025-01749-y

Kissane, R. W. P, Charles, J. P, Banks, R. W., and Bates, K. T. (2022). Skeletal muscle
function underpins muscle spindle abundance. Proc. R. Soc. B Biol. Sci. 289, 289.
do0i:10.1098/rspb.2022.0622

Klass, M., Baudry, S., and Duchateau, J. (2011). Modulation of reflex responses in
activated ankle dorsiflexors differs in healthy young and elderly subjects. Eur. J. Appl.
Physiol. 111, 1909-1916. doi:10.1007/s00421-010-1815-x

Knikou, M. (2008). The H-reflex as a probe: pathways and pitfalls. J. Neurosci.
Methods 171, 1-12. doi:10.1016/j.jneumeth.2008.02.012

LaRoche, D. P, Cremin, K. A., Greenleaf, B., and Croce, R. V. (2010). Rapid
torque development in older female fallers and nonfallers: a comparison
across lower-extremity muscles. J.  Electromyogr. Kinesiol. 20, 482-488.
doi:10.1016/j.jelekin.2009.08.004

Lichtwark, G. A., and Wilson, A. M. (2007). Is achilles tendon compliance optimised
for maximum muscle efficiency during locomotion? J. Biomech. 40, 1768-1775.
doi:10.1016/].JBIOMECH.2006.07.025

Loram, I. D., Maganaris, C. N., and Lakie, M. (2005). Active, non-spring-like muscle
movements in human postural sway: how might paradoxical changes in muscle length
be produced? J. Physiol. 564, 281-293. doi:10.1113/JPHYSIOL.2004.073437

Loram, I. D., Maganaris, C. N.,, and Lakie, M. (2009). Paradoxical muscle
movement during postural control. Med. Sci. Sports Exerc 41, 198-204.
doi:10.1249/MSS.0b013e318183c0ed

Maki, B. E., Holliday, P. J., and Topper, A. K. (1994). A prospective study of postural
balance and risk of falling in an ambulatory and independent elderly population. J.
Gerontol. 49, 49-M84. doi:10.1093/GERON]/49.2.M72

McLaren, R., Smith, P. E, Taylor, R. L., Niazi, I. K., and Taylor, D. (2023). Scoping
out noisy galvanic vestibular stimulation: a review of the parameters used to improve
postural control. Front. Neurosci. 17, 1156796. doi:10.3389/fnins.2023.1156796

Miyazawa, T., Hanawa, H., Kubota, K., Hirata, K., Fujino, T., and Kanemura, N.
(2025). The medial gastrocnemius fascicle shortening and tendon lengthening in static
standing are associated with age-related postural instability in older adults. J. Appl.
Physiol. 139, 1206-1219. doi:10.1152/JAPPLPHYSIOL.00431.2025

Muraoka, T., Muramatsu, T., Fukunaga, T., and Kanehisa, H. (2025). Elastic
properties of human achilles tendon are correlated to muscle strength. J. Appl. Physiol.
99, 665-669. doi:10.1152/japplphysiol.00624.2004

Mynark, R. G., and Koceja, D. M. (2002). Down training of the elderly soleus H reflex
with the use of a spinally induced balance perturbation. J. Appl. Physiol. 93, 127-133.

doi:10.1152/JAPPLPHYSIOL.00007.2001/ASSET/IMAGES/LARGE/DG0721655003.JPEG

Mynark, R. G., and Koceja, D. M. (2001). Effects of age on the spinal stretch reflex,
188-203.

Nakajima, T., Sakamoto, M., Tazoe, T., Endoh, T., and Komiyama, T. (2006). Location
specificity of plantar cutaneous reflexes involving lower limb muscles in humans. Exp.
Brain Res. 175, 514-525. d0i:10.1007/500221-006-0568-6

Nelson-Wong, E., Appell, R., McKay, M., Nawaz, H., Roth, J., Sigler, R., et al.
(2012). Increased fall risk is associated with elevated co-contraction about the ankle
during static balance challenges in older adults. Eur. J. Appl. Physiol. 112, 1379-1389.
doi:10.1007/S00421-011-2094-X/FIGURES/5

Nguyen, A. D., Gray, A., Sawicki, G., and Franz, J. R. (2025). The effects of soleus
fascicle length on muscle fatigability. Peer] 13, €19842. doi:10.7717/peerj.19842

Nielsen, J., Crone, C., and Hultborn, H. (1993). H-reflexes are smaller in dancers from
the royal Danish ballet than in well-trained athletes. Eur. J. Appl. Physiol. 66, 116-121.
doi:10.1007/BF01427051

Panizzolo, E A., Green, D. ], Lloyd, D. G., Maiorana, A. J., and Rubenson, J. (2013).
Soleus fascicle length changes are conserved between young and old adults at their
preferred walking speed. Gait Posture 38, 764-769. doi:10.1016/j.gaitpost.2013.03.021

Papegaaij, S., Taube, W,, Baudry, S., Otten, E., and Hortobagyi, T. (2014). Aging causes
a reorganization of cortical and spinal control of posture. Front. Aging Neurosci. 6, 6.
doi:10.3389/fnagi.2014.00028

Payne, A. M., Palmer, J. A., McKay, J. L., and Ting, L. H. (2021). Lower cognitive
set shifting ability is associated with stiffer balance recovery behavior and larger
perturbation-evoked cortical responses in older adults. Front. Aging Neurosci. 13,
742243. doi:10.3389/FNAGI.2021.742243/BIBTEX

Peters, R. M., McKeown, M. D., Carpenter, M. G., and Inglis, J. T. (2016a). Losing
touch: age-related changes in plantar skin sensitivity, lower limb cutaneous reflex
strength, and postural stability in older adults. J. Neurophysiol. 116, 1848-1858.
doi:10.1152/jn.00339.2016

Peters, R. M., Blouin, J. S., Dalton, B. H., and Inglis, J. T. (2016b). Older adults
demonstrate superior vestibular perception for virtual rotations. Exp. Gerontol. 82,
50-57. doi:10.1016/j.exger.2016.05.014

Peterson, D. S., and Martin, P. E. (2010). Effects of age and walking speed
on coactivation and cost of walking in healthy adults. Gait Posture 31, 355-359.
doi:10.1016/].GAITPOST.2009.12.005

frontiersin.org


https://doi.org/10.3389/fphys.2025.1743559
https://doi.org/10.1007/s00221-020-05784-0
https://doi.org/10.1007/s00221-020-05784-0
https://doi.org/10.1152/japplphysiol.00720.2021
https://doi.org/10.1098/rspb.2019.2560
https://www.canada.ca/en/public-health/services/publications/healthy-living/seniors-falls-canada-second-report.html#s2-2
https://www.canada.ca/en/public-health/services/publications/healthy-living/seniors-falls-canada-second-report.html#s2-2
https://doi.org/10.1016/j.gaitpost.2010.12.008
https://doi.org/10.1113/jphysiol.2009.174912
https://doi.org/10.1242/jeb.078196
https://doi.org/10.1002/MUS.20984
https://doi.org/10.1016/j.exger.2014.09.020
https://doi.org/10.1038/s41598-024-83101-3
https://doi.org/10.2165/00007256-200434120-00002/FIGURES/TAB2
https://doi.org/10.1007/BF01003594/METRICS
https://doi.org/10.1152/jn.00359.2005
https://doi.org/10.1152/AJPCELL.1977.233.3.C86
https://doi.org/10.1152/JAPPLPHYSIOL.00008.2004
https://doi.org/10.1007/s00421-013-2665-0
https://doi.org/10.1016/j.humov.2015.09.001
https://doi.org/10.1152/JAPPLPHYSIOL.00906.2013/ASSET/IMAGES/ZDG0021409220007.JPEG
https://doi.org/10.1113/JP276459
https://doi.org/10.1371/JOURNAL.PONE.0172398
https://doi.org/10.1007/S00421-002-0748-4
https://doi.org/10.1016/0006-8993(87)91624-6
https://doi.org/10.1186/S40101-017-0149-3/FIGURES/5
https://doi.org/10.1186/S40101-017-0149-3/FIGURES/5
https://doi.org/10.1016/0022-510X(73)90023-3
https://doi.org/10.1152/JAPPLPHYSIOL.00262.2021
https://doi.org/10.1186/s12984-025-01749-y
https://doi.org/10.1098/rspb.2022.0622
https://doi.org/10.1007/s00421-010-1815-x
https://doi.org/10.1016/j.jneumeth.2008.02.012
https://doi.org/10.1016/j.jelekin.2009.08.004
https://doi.org/10.1016/J.JBIOMECH.2006.07.025
https://doi.org/10.1113/JPHYSIOL.2004.073437
https://doi.org/10.1249/MSS.0b013e318183c0ed
https://doi.org/10.1093/GERONJ/49.2.M72
https://doi.org/10.3389/fnins.2023.1156796
https://doi.org/10.1152/JAPPLPHYSIOL.00431.2025
https://doi.org/10.1152/japplphysiol.00624.2004
https://doi.org/10.1152/JAPPLPHYSIOL.00007.2001/ASSET/IMAGES/LARGE/DG0721655003.JPEG
https://doi.org/10.1007/s00221-006-0568-6
https://doi.org/10.1007/S00421-011-2094-X/FIGURES/5
https://doi.org/10.7717/peerj.19842
https://doi.org/10.1007/BF01427051
https://doi.org/10.1016/j.gaitpost.2013.03.021
https://doi.org/10.3389/fnagi.2014.00028
https://doi.org/10.3389/FNAGI.2021.742243/BIBTEX
https://doi.org/10.1152/jn.00339.2016
https://doi.org/10.1016/j.exger.2016.05.014
https://doi.org/10.1016/J.GAITPOST.2009.12.005
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org

Fletcher and Strzalkowski

Piche, E., Chorin, E, Zory, R., Duarte Freitas, P., Guerin, O., and Gerus, P. (2022).
Metabolic cost and co-contraction during walking at different speeds in young and old
adults. Gait Posture 91, 111-116. doi:10.1016/].GAITPOST.2021.10.014

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

Pijnappels, M., Bobbert, M. E, and Van Dieén, J. H. (2001). Changes in walking
pattern caused by the possibility of a tripping reaction. Gait Posture 14, 11-18.
doi:10.1016/50966-6362(01)00110-2

Pijnappels, M., van der Burg, J. C. E., Reeves, N. D., and van Dieén, J. H. (2008).
Identification of elderly fallers by muscle strength measures. Eur. J. Appl. Physiol. 102,
585-592. d0i:10.1007/s00421-007-0613-6

Rubenson, J., Pires, N. J., Loi, H. O., Pinniger, G. J., and Shannon, D. G. (2012).
On the ascent: the soleus operating length is conserved to the ascending limb of the
force-length curve across gait mechanics in humans. J. Exp. Biol. 215, 3539-3551.
doi:10.1242/jeb.070466

Sasagawa, S., Ushiyama, J., Masani, K., Kouzaki, M., and Kanehisa, H. (2009). Balance
control under different passive contributions of the ankle extensors: quiet standing on
inclined surfaces. Exp. Brain Res. 196, 537-544. doi:10.1007/S00221-009-1876-4

Sheehan, D. S., Oliemans, J. P, Golden, D. W, Walls, K. D., Bennett, E.
C., Skaper, S. J, et al. (2025). To what extent do the muscles and tendons
influence metabolic cost and exercise tolerance in the hypermobile Ehlers-Danlos
syndrome and hypermobility spectrum disorders? Clin. Biomech. 131, 106695.
doi:10.1016/j.clinbiomech.2025.106695

Sinkjeer, T., Andersen, J. B., Nielsen, J. F,, and Hansen, H. J. (1999). Soleus long-latency
stretch reflexes during walking in healthy and spastic humans. Clin. Neurophysiol. 110,
951-959. doi:10.1016/S1388-2457(99)00034-6

Skaper, S. J., Jin, J. J, Asmussen, M. J, and Fletcher, J. R. (2025). The
energy cost of cyclic muscle contractions at different initial muscle-tendon unit
lengths derived from near-infrared spectroscopy. J. Appl. Physiol. 139, 1260-1271.
doi:10.1152/japplphysiol.00540.2025

Song, Q., Zhang, X., Mao, M., Sun, W,, Zhang, C., Chen, Y., et al. (2021). Relationship
of proprioception, cutaneous sensitivity, and muscle strength with the balance control
among older adults. J. Sport Health Sci. 10, 585-593. d0i:10.1016/j.jshs.2021.07.005

Statcan (2025). Surveys and statistical programs - canadian community health survey -
healthy aging (CCHS). Available online at:  https://www23.statcan.gc.ca/imdb/
p2SV.pl?Function=getSurvey&SDDS=5146&Item_Id=47962&lang=en (Accessed
November 6, 2025).

Frontiers in Physiology

08

10.3389/fphys.2025.1743559

Stenroth, L., Peltonen, J., Cronin, N. J., Sipil4, S., and Finni, T. (2012). Age-related
differences in achilles tendon properties and triceps surae muscle architecture
in vivo. J. Appl. Physiol. 113, 1537-1544. doi:10.1152/JAPPLPHYSIOL.00782.
2012

Strzalkowski, N. D. J., Peters, R. M., Inglis, J. T., and Bent, L. R. (2018). Cutaneous
afferent innervation of the human foot sole: what can we learn from single-unit
recordings? J. Neurophysiol. 120, 1233-1246. doi:10.1152/jn.00848.2017.-Cutaneous

Taube, W., Gruber, M., and Gollhofer, A. (2008). Spinal and supraspinal adaptations
associated with balance training and their functional relevance. Acta Physiol. 193,
101-116. doi:10.1111/j.1748-1716.2008.01850.x

Tavakkoli, O. S., Malliaras, P, Jansons, P, Hill, K., Soh, S. E., Jaberzadeh, S.,
et al. (2021). Is ankle plantar flexor strength associated with balance and walking
speed in healthy people? A systematic review and meta-analysis. Phys. Ther., 101.
doi:10.1093/ptj/pzab018

Taylor, C. R. (1994). Relating mechanics and energetics during exercise. Adv. Vet. Sci.
Comp. Med. 38A, 181-215.

Thompson, A. K, Xiang, Y. C, and Wolpaw, J. R. (2009). Acquisition of
a simple motor skill: task-Dependent adaptation plus long-term change in the
human soleus H-reflex. J. Neurosci. 29, 5784-5792. doi:10.1523/JNEUROSCI.4326-08.
2009

Watson, S., and Colebatch, J. (1998). Vestibular-evoked electromyographic responses in
soleus: a comparison between click and galvanic stimulation. Springer-Verlag, 504-510.

Wiegmann, S., Felsenberg, D., Armbrecht, G., and Dietzel, R. (2021). Longitudinal
changes in muscle power compared to muscle strength and mass. J. Musculoskelet.
Neuronal Interact. 21, 13-25. Available online at: https://pmc.ncbi.nlm.nih.gov/articles/
PMC8020018/ (Accessed November 6, 2025).

Willaert, J., Desloovere, K., Van Campenhout, A., Ting, L. H., and De Groote, E.
(2024). Combined translational and rotational perturbations of standing balance reveal
contributions of reduced reciprocal inhibition to balance impairments in children
with cerebral palsy. PLoS Comput. Biol. 20, €1012209. doi:10.1371/JOURNAL.PCBI.
1012209

Zehr, E. P, and Stein, R. B. (1999). What functions do reflexes serve during human
locomotion? Prog. Neurobiol. 58, 185-205. doi:10.1016/s0301-0082(98)00081-1

Zehr, E. P, Nakajima, T., Barss, T., Klarner, T., Miklosovic, S., Mezzarane, R.
A., et al. (2014). Cutaneous stimulation of discrete regions of the sole during
locomotion produces “sensory steering” of the foot. BMC Sports Sci. Med. Rehabil. 6,
33. d0i:10.1186/2052-1847-6-33

frontiersin.org


https://doi.org/10.3389/fphys.2025.1743559
https://doi.org/10.1016/J.GAITPOST.2021.10.014
https://doi.org/10.1159/000089820
https://doi.org/10.1016/S0966-6362(01)00110-2
https://doi.org/10.1007/s00421-007-0613-6
https://doi.org/10.1242/jeb.070466
https://doi.org/10.1007/S00221-009-1876-4
https://doi.org/10.1016/j.clinbiomech.2025.106695
https://doi.org/10.1016/S1388-2457(99)00034-6
https://doi.org/10.1152/japplphysiol.00540.2025
https://doi.org/10.1016/j.jshs.2021.07.005
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=5146&Item_Id=47962&lang=en
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=5146&Item_Id=47962&lang=en
https://doi.org/10.1152/JAPPLPHYSIOL.00782.2012
https://doi.org/10.1152/JAPPLPHYSIOL.00782.2012
https://doi.org/10.1152/jn.00848.2017.-Cutaneous
https://doi.org/10.1111/j.1748-1716.2008.01850.x
https://doi.org/10.1093/ptj/pzab018
https://doi.org/10.1523/JNEUROSCI.4326-08.2009
https://doi.org/10.1523/JNEUROSCI.4326-08.2009
https://pmc.ncbi.nlm.nih.gov/articles/PMC8020018/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8020018/
https://doi.org/10.1371/JOURNAL.PCBI.1012209
https://doi.org/10.1371/JOURNAL.PCBI.1012209
https://doi.org/10.1016/s0301-0082(98)00081-1
https://doi.org/10.1186/2052-1847-6-33
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org

	Introduction
	Soleus as a mechanical brace for balance
	Active compensatory role
	Soleus as a reflexive stabilizer of balance
	The spinal stretch and H-reflex
	Cutaneous reflexes
	Vestibulospinal reflexes

	Long-latency/transcortical reflexes

	Discussion
	Fall prevention vs. fall recovery
	Balancing tendon stiffness with compliance
	Tuning reflex gain

	Conclusion
	Author contributions
	Funding
	Acknowledgements
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References

