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Featured Application

Gait speed provides a scalable, clinically interpretable metric that can be embedded into
musculoskeletal physiotherapy assessment and combined with wearable sensor data to
monitor adaptive locomotion and personalise rehabilitation.

Abstract

Walking (or gait) speed is recognised as a robust indicator of health status, functional
capacity, and physiological reserve across the lifespan; however, its objective measurement
remains underused in routine musculoskeletal physiotherapy practice. This commentary
argues that gait speed is underutilised in musculoskeletal physiotherapy despite its strong
prognostic and functional relevance, and proposes its cautious adoption as a functional vital
sign to support more objective, standardised, and interpretable rehabilitation decision mak-
ing. Evidence from an orthopaedic population undergoing total hip and knee arthroplasty
illustrates the persistent gap between surgical success and functional recovery, as reflected
in sustained deficits in walking speed relative to healthy benchmarks. Methodological
issues in gait speed assessment are considered, and the potential future role of wearable
sensors and digital health technologies in capturing real-world locomotor performance is
highlighted. Overall, the evidence suggests that gait speed can provide an objective, low-
cost, and scalable measure that integrates multiple domains of musculoskeletal function.
Therefore, the routine integration of gait speed into physiotherapy assessment may help
to quantify functional impairment, support personalised rehabilitation, reduce practice
variation, and align musculoskeletal care with contemporary adaptive and digitally enabled
healthcare models.

Keywords: gait speed; musculoskeletal physiotherapy; functional assessment; hip replacement;
knee replacement; wearable sensors; rehabilitation outcomes

1. Background

Walking speed is increasingly recognised as a fundamental indicator of health status,
functional capacity, and physiological reserve across the lifespan, with recent synthesis
work highlighting its predictive value across multiple domains including disability, hospi-
talisation, cognitive decline, and mortality in older populations [1]. Large cohort studies
and meta-analyses generally report peak usual walking speeds in early to mid-adulthood of
approximately 1.3-1.4 m/s, and progressively decline with age, although reported values
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vary according to measurement protocol, population characteristics, and the definition
of walking speed used [2-10]. Reductions in walking speed may reflect longer-term re-
ductions in physiological reserve but can also be transient and influenced by factors such
as pain, confidence, fatigue, or compensatory movement strategies. These normative
benchmarks are further influenced by factors such as sex, height, neuromuscular capacity,
and habitual physical activity [11-14]. Given this context, within the wider public health
and ageing academic literature, gait speed has become an important reference point for
interpreting deviations from expected ageing trajectories, supporting differential diagnosis,
and quantifying functional recovery following illness, injury, or surgery.

Beyond its descriptive value, gait speed can also be a powerful predictor of clinically
meaningful outcomes. A usual walking speed below 0.8 m/s is consistently associated
with increased risk of disability, hospitalisation, cognitive decline, and mortality [14-21],
whereas speeds below 0.6 m/s indicate more severe functional impairment [22,23]. These
thresholds are derived primarily from studies of older and hospitalised populations and
should therefore be interpreted as context-dependent reference points rather than universal
cut-offs when applied to musculoskeletal or working-age cohorts. For example, thresh-
olds below 0.8 m/s and 0.6 m/s are most frequently derived from geriatric and hospital-
based cohorts in relation to adverse health outcomes, whereas higher reference values
(e.g., 1.2-1.34 m/s) are more commonly cited in relation to functional independence or
optimal performance in community-dwelling or postoperative populations [1].

Such indicative thresholds may provide clinicians with a practical, explainable frame-
work for identifying at-risk patients and evaluating the impact of rehabilitation interven-
tions. Therefore, measuring gait speed can be a valuable component of patient assessment.
When added to the wider subjective and objective assessment of the patient and the results
of specific functional tests such as sit-to-stand and the Short Physical Performance Battery,
these measures may help quantify rehabilitation progress in individuals with impaired
muscle strength, balance, or mobility [24-26].

However, despite its substantial predictive value, ease of measurement, and alignment
with physiotherapy’s focus on functional outcomes, gait speed is still not routinely assessed
in musculoskeletal practice. Harradine et al.’s systematic review found that real-time,
non-instrumented gait assessment, the form most used by clinicians, is highly inconsistent,
lacks standardisation, and is not supported by validated protocols, with no clear evidence
that clinicians use gait assessment systematically or apply it to guide treatment [27]. This
inconsistency and absence of an approach help explain why objective measures such as
gait speed remain underutilised, despite their clinical value.

Indeed, for gait speed to meaningfully inform practice, measurement must be linked to
interpretation against appropriate reference values, the setting of individualised functional
goals, targeted intervention selection, and planned re-assessment to monitor response.
Interestingly, this knowing-doing gap persists even though contemporary physiotherapy
increasingly emphasises objective assessment, digital innovation, personalised rehabilita-
tion, and interdisciplinary models of care. As hybrid and technology-enhanced service
models continue to evolve, gait speed is one objective measure that may offer physiothera-
pists a scalable, evidence-based metric that clinicians can capture quickly in the clinic and
continuously monitor in real-world environments using wearable devices [28,29].

Therefore, the purpose of this commentary is to emphasise why gait speed should be
adopted as a routinely used functional vital sign within musculoskeletal physiotherapy
practice. In this context, a functional vital sign refers to an objective, repeatable, and inter-
pretable measure of physical function that is sensitive to change over time and informative
for clinical decision making, rather than diagnostic in isolation. Unlike traditional physi-
ological vital signs, functional vital signs reflect integrated system performance and are
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intended to support monitoring, goal setting, and treatment progression within routine
clinical care.

By summarising the evidence on normative values, clinically meaningful thresholds,
and practical measurement considerations, the aim is to demonstrate the clinical utility of
gait speed across orthopaedic and musculoskeletal populations. To highlight this, the article
will explore the gap between surgical success and functional recovery, illustrated by walking
speed deficits following total hip and knee arthroplasty, and explore how the routine use of
gait speed could enhance assessment, support clinical decision making, reduce practice
variation, and align physiotherapy with emerging digital and interdisciplinary innovations
in healthcare.

2. Clinical Assessment

If it is accepted that normative gait speed benchmarks may provide crucial context
for clinical decision making in musculoskeletal physiotherapy practice, then, as high-
lighted, deviations from these benchmarks (due to age and other biological factors) may
indicate musculoskeletal impairment, reduced reserve capacity, and early functional de-
cline. Walking speed represents an integrated functional outcome that is highly relevant
to musculoskeletal physiotherapy, as it reflects the combined influence of pain, strength,
balance, and motor control, while also being influenced by cardiovascular, cognitive, and
behavioural factors.

For clinicians to integrate this into their everyday practice, they need to be able to
perform accurate and reliable gait speed assessment and understand how to test this with
methodological consistency. Normative and threshold data are derived from a range of
fixed-distance protocols, most commonly 4-m and 10-m walk tests, with longer distances
(e.g., 2040 m) also used depending on clinical and research purpose [3,4,6,9]. Variability in
walkway length, surface, start procedures, and patient instructions can meaningfully affect
measured speed [3,6], and so physiotherapists should standardise these factors within their
clinical setting.

In terms of choosing a reliable and valid test, the 10-Meter Walk Test (10 MWT) has
excellent test-retest reliability and validity across diverse populations, including healthy
older adults. While very high reliability has been reported under controlled conditions,
reliability in routine clinical practice may be lower due to assessor variability and envi-
ronmental factors [30-32]. Shorter tests, such as the 4-Meter Walk Test (4 MWT), also
show high reliability and validity, especially when space is limited. Although differences
between the 4-m and 10-m walk tests can be statistically significant, their clinical rele-
vance depends on the population assessed, the magnitude of change observed, and the
intended use of the measure [30,33]. Longer or alternative tests (e.g., 6 MWT, instrumented
walkways) are valid but may not offer practical advantages over the 10 MWT for routine
clinical use [31]. The 40-m walk test is also a highly reliable and generally valid tool for
assessing walking speed particularly in adults with osteoarthritis [34] and is recommended
by international societies [35] for both clinical and research settings. In practice, services
should select a single fixed-distance protocol for routine use wherever possible to maximise
comparability over time, reserving alternative distances for specific clinical indications or
environmental constraints.

Measuring both comfortable and fast walking speeds provides a deeper picture of
mobility. Comfortable speed reflects typical daily function, whereas fast speed reflects
physiological reserve and adaptability. Physiotherapists need to know reference values
(just as they would for other objective tests) for expected gait speeds in their patients, as
provided in Table 1. The narrowing difference between comfortable and fast walking speeds
has been proposed as a potential indicator of reduced neuromuscular reserve, although this
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remains an emerging area of research rather than an established clinical marker [2,4,6,10,12].
Wearable and smartphone-based technologies offer opportunities to capture walking speed
beyond the clinic, including average daily performance and variability across contexts.
However, accuracy and validity vary by device and algorithm, and clinical application in
musculoskeletal populations remains limited by issues of validation, data interpretation,
and integration into routine workflows [28,29].

Table 1. Example Indicative Walking Speeds by Age Group.

Age Group (years)

Comfortable Speed (m/s)  Fast/Max Speed (m/s) Supporting Studies

18-29

(Rossler et al., 2024 [3]; Mobbs et al., 2025 [4];
Herssens et al., 2018 [5]; Zheng et al., 2022 [6];
1.3to1.4 1.7 to 1.85 Stamatakis et al., 2018 [7]; Andrews et al.,
2023 [8]; Popelsky et al., 2023 [9]; Jung et al.,
2023 [10]; Bohannon & Wang, 2019 [12])

30-49

(Fukuchi et al., 2019 [2]; Rossler et al., 2024 [3];
Mobbs et al., 2025 [4]; Herssens et al., 2018 [5];
Zheng et al., 2022 [6]; Stamatakis et al., 2018 [7];
Andrews et al., 2023 [8]; Popelsky et al.,
2023 [9]; Jung et al., 2023 [10]; Bohannon &
Wang, 2019 [12])

13to14 1.6t01.8

50-69

(Fukuchi et al., 2019 [2]; Rossler et al., 2024 [3];
Mobbs et al., 2025 [4]; Herssens et al., 2018 [5];
Zheng et al., 2022 [6]; Stamatakis et al., 2018 [7];
Andrews et al., 2023 [8]; Popelsky et al.,
2023 [9]; Jung et al., 2023 [10]; Bohannon &
Wang, 2019 [12])

12t01.3 1.5t01.7

70-79

(Fukuchi et al., 2019 [2]; Rossler et al., 2024 [3];
Mobbs et al., 2025 [4]; Herssens et al., 2018 [5];
Zheng et al., 2022 [6]; Stamatakis et al., 2018 [7];
Andrews et al., 2023 [8]; Popelsky et al.,
2023 [9]; Jung et al., 2023 [10]; Bohannon &
Wang, 2019 [12])

1.0to 1.2 14to1.6

80+

(Rossler et al., 2024 [3]; Herssens et al., 2018 [5];
Zheng et al., 2022 [6]; Czech et al., 2020 [29];
Bohannon et al., 1996 [11]; Jung et al., 2023 [10];
Bohannon & Wang, 2019 [12])

09to1.1 12to14

90+

(Bohannon et al., 1996 [11]; Bohannon & Wang,

05t00.7 (not enough data) 2019 [12])

As digital musculoskeletal care expands, the integration of wearable devices that cap-
ture gait metrics may become a powerful adjunct to traditional physiotherapy assessment.
However, such technologies will likely range from consumer-grade accelerometer-based
smartphones and smartwatches to research-grade inertial measurement units, each with
differing levels of transparency, cost, and regulatory oversight; and so, issues such as data
governance, proprietary algorithm ‘black box’ processing, and equitable access will remain
important considerations for clinical adoption.

3. Implications for Musculoskeletal Physiotherapy Practice

A key theme emerging is that gait speed should not only be regarded as a vital
functional sign in musculoskeletal physiotherapy practice but also be easy to measure
and integrate into routine clinical practice. However, to enhance rehabilitation, a patient’s
gait speed needs to be interpreted alongside normative values linked not only to age
and demographic factors but, crucially, to the patient’s clinical diagnosis and specific
presentation. It must also be acknowledged that whilst improvements in walking speed are
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commonly observed following rehabilitation, the magnitude and rate of change vary by
condition, pain severity, and individual adaptation, and improvements in gait quality may
occur without substantial changes in speed. Given this understanding, clinicians are able to
quantify improvements and compare progress against reference data and each individual
patient’s clinical context. In this way, gait speed can guide shared decisions about treatment
progression, given the everyday importance of walking as a functional activity and its
potential responsiveness to rehabilitation interventions.

Such condition-specific data is available in the literature for more commonly seen
presentations in outpatient musculoskeletal physiotherapy departments. For example, hip
and knee arthroplasty represent common and well-described clinical populations, and
whilst there is substantial heterogeneity in age, comorbidity burden, baseline function,
and rehabilitation pathways across these patients, pre- and post-operative walking speeds
are well described in the literature. Not surprisingly, walking speed improves after both
hip and knee arthroplasty. Still, the available evidence consistently shows that most
patients do not recover to the levels observed in healthy age-matched adults. A finding that
physiotherapists should be aware of and could try to improve through routine measurement
that may support clinical awareness, goal setting, and feedback. Although evidence that
measurement alone improves postoperative outcomes is limited.

Before total hip arthroplasty (THA), walking speeds vary widely, ranging from ap-
proximately 0.42 m/s in older women with severe osteoarthritis to around 1.00 m/s in
average adults [36-39]. Early after surgery, hip replacement patients commonly walk at ap-
proximately 0.8 m/s at two weeks, with many still below clinically relevant thresholds [40].
Between 3 and 6 months, walking speeds generally range from 0.72 to 1.00 m/s [36,38,39].
By twelve months, some individuals achieve fast-paced speeds of 1.44-1.88 m/s de-
pending on sex and age [41], although self-selected speeds more commonly fall around
1.2+ 0.12m/s [39] or 1.03 £ 0.14 m/s during free-living ambulation [38]. Importantly, only
approximately 37% of patients reach the proposed benchmark of 1.34 m/s for a “good”
postoperative walking outcome [39].

A similar pattern emerges in total knee arthroplasty (TKA). Preoperative walk-
ing speeds range from 0.41 m/s in patients with severe osteoarthritis to 1.00 m/s or
more in less impaired individuals [38,42,43]. Short-term postoperative walking speed at
six weeks may remain very low, around 0.47 & 0.022 m/s [42]. Recovery thereafter acceler-
ates, with speeds between 0.69 and 1.00 m/s recorded from 6 months to 1 year [38,42,43].
At approximately 1.5 years, some individuals continue to walk at only about 0.69 m/s [42].
However, other studies report recovery to preoperative levels, reaching around 1.00 m/s by
21 weeks [38]. Peak walking speeds after TKA at one year or later may reach 1.6 m/s but
remain substantially lower than those of healthy controls, who typically walk at around
2.2 m/s [44].

Taken together, these data show that while both THA and TKA improve walking
speed, most patients, even after 12 months, do not achieve walking speeds comparable
to those of healthy individuals. Short-term recovery is particularly limited (the time at
which most patients will receive physiotherapy), with many postoperative values falling
below 1.0 m/s, and even long-term recovery often results in persistent deficits relative
to normative healthy benchmarks. This may cause difficulties for individual patients in
regard to certain daily activities, for example, typical road crossing times assume a gait
speed of 1.2 m/s to cross safely during the green pedestrian signal [45].

4. Discussion

Normative gait speed values and clinically meaningful thresholds may provide phys-
iotherapists with a powerful, objective means of assessing musculoskeletal function. When

https:/ /doi.org/10.3390/app16052287


https://doi.org/10.3390/app16052287

Appl. Sci. 2026, 16,2287

6 0f 9

References

measured consistently and interpreted in relation to age, sex, and clinical presentation,
gait speed may serve as a functional vital sign by reflecting the integrated contributions of
strength, balance, neuromuscular control, and cardiovascular capacity. The example clinical
scenario presented demonstrates that individuals undergoing THA and TKA frequently
exhibit substantial and sustained gait speed deficits, often failing to regain levels observed
in healthy adults.

However, when translating changes in walking speed from research reference values
to clinical practice, consideration of effect size magnitude and clinically meaningful dif-
ference is important to contextualise rehabilitation impact. Whilst small absolute changes
in gait speed may represent meaningful functional improvement, particularly in mobility-
impaired populations, effect sizes must also be considered to help distinguish statistical
from clinically relevant change [46]. Effect sizes can vary substantially across populations,
testing protocols, and intervention types, reinforcing the need for cautious interpretation
within specific clinical contexts rather than total reliance on universal benchmarks. Ac-
cordingly, incorporating effect size considerations alongside threshold-based interpretation
may strengthen the clinical utility of gait speed as a monitoring metric and support more
nuanced rehabilitation decision making.

Recognising that meaningful interpretation depends on both threshold-based and
effect-size-informed evaluation, embedding gait speed measurement into routine muscu-
loskeletal physiotherapy practice represents a logical next step and a potentially scalable
innovation aligned with contemporary developments in physiotherapy. However, although
gait speed is technically simple to measure, it is acknowledged that routine implementation
may be influenced by organisational constraints, including appointment duration, com-
peting clinical priorities, and the absence of explicit decision-making pathways linked to
specific gait speed values. Integrating timed walk tests with wearable and smartphone-
based monitoring offers a scalable way to assess real-world gait performance beyond
the clinic. Used appropriately, such tools can support personalised rehabilitation, earlier
detection of functional decline, and more consistent hybrid physiotherapy models.

Gait speed represents a strong candidate for a functional vital sign for musculoskeletal
physiotherapy, if measurement is standardised, interpretation is population-appropriate,
and results are explicitly linked to clinical decision making. Its value lies not in replacing
existing assessment approaches, but in offering an objective, scalable complement that can
support more consistent and interpretable rehabilitation practice.
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