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ABSTRACT

Background: Minimalist footwear has emerged as an alternative to traditional footwear styles and advocated for the man-
agement of several foot and lower limb pathologies.

Objective: The objective of this scoping review was to map the clinical potential of minimalist footwear (concept) in the
treatment and/or rehabilitation of lower limb impairments (context) across the life course (population).

Data Sources: Systematic searches were undertaken across MEDLINE, EMBASE, and CINAHL from 2000 to 2024.

Study Selection or Eligibility Criteria: Studies evaluating minimalist footwear as an intervention or adjunct to an inter-
vention in clinical populations, or where a clinical need has been defined, across all age groups, were included. Eligible studies
were primary research published in English from the year 2000 onwards.

Data Synthesis: A narrative analysis was undertaken and our findings were reported in accordance with the PRISMA-ScR
guidelines.

Results: Sixteen studies were identified in clinical populations ranging from adolescents with patello-femoral pain (14.3; SD:
1.7 years) to older adults with balance ability (73.4; SD: 3.9 years); studies focussing on knee pathology were the most common
(n = 9). The influence of minimalist footwear on outcome measures varied across the studies and reported mechanisms of
action included somatosensory, biomechanical and neuromuscular factors.

Conclusion and Implications: Our review has mapped the clinical populations where minimalist footwear has been tested
and most focus on knee pathology, specifically knee osteoarthritis. Our review has identified the biomechanical, functional, and
clinical variables reported in studies and future work testing the clinical benefits of minimalist footwear interventions is
recommended.

Abbreviations: DOI, digital object identifier; EKAM, external knee adductor moment; EVA, ethylene-vinyl acetate; IMU, inertial measurement units; KAAI, knee adduction angular impulse; PF,
patello-femoral; PFJ, patello-femoral joint; PRISMA, preferred reporting items for systematic reviews and meta-analysis; WOMAC, Western Ontario and McMaster Universities Index.
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1 | Introduction

Footwear interventions are an important consideration for
people experiencing foot and lower limb problems (Brenton-
Rule et al. 2019; Hatton and Rome 2019; McRitchie et al. 2018;
Menz et al. 2017) and many studies documenting the impact of
footwear across the life course exist. Whilst not an exhaustive
overview, studies have documented the impact of footwear on
foot development in children (Morrison et al. 2018; Price
et al. 2021; Wang et al. 2023), discussed the role of footwear on
falls risk in older adults (Hatton and Rome 2019; Menz
et al. 2024; Menz et al. 2017), described how footwear can
support function in adults with long-term conditions (Freck-
lington et al. 2019; Novo-Trillo et al. 2021), and influence per-
formance (Fuller et al. 2015; Nesterovica et al. 2021). Studies
report a range of parameters including biomechanical (e.g.
movement, loading and strength parameters), functional (e.g.
balance and mobility measures) and clinical (e.g. pain mea-
sures) but there is little consistency across the evidence. There is
a debate about the role of footwear in the treatment and/or
modification of factors that contribute to injury; findings from a
recent Cochrane review established that footwear choice did not
reduce lower limb injury in runners (Relph et al. 2022). The
extent to which this argument extends beyond the running
context is unclear, but nonetheless, it is recognised that foot-
wear choice is not without risk (Azhar et al. 2023). In some
instances, barefoot (or minimalist footwear) conditions may be
preferable (Hollander et al. 2022; Ren et al. 2022), underpinning
the debate about the role of footwear on foot morphology and
function (D’Aoft et al. 2009) and calling for functionally indi-
vidualised footwear (Mai et al. 2023).

Over the past few decades, minimalist footwear has emerged as
an alternative to traditional footwear styles. This footwear at-
tempts to promote the natural movement of the foot (Coetzee
et al. 2018; Esculier et al. 2015) and minimalist shoes are
characterised by high flexibility, low heel-to-toe drop, light-
weight construction, minimal stack height, and lack of motion
control and stability features (Esculier et al. 2015). Studies
have demonstrated that minimalist footwear influences
biomechanical parameters such as lower limb joint kinematics
(Petersen et al. 2020), and, in some individuals, increases
(intrinsic) foot muscle strength (Allen et al. 2023; Curtis
et al. 2021), leading to suggestions this type of footwear may be
an effective intervention or adjunct to intervention in clinical
populations (Cudejko, Gardiner, Akpan, and D’Aoflit 2020b;
Davis et al. 2021). To date, studies have reported that mini-
malist shoes can improve stability in people with a history of
falls (Allen et al. 2023; Cudejko, Gardiner, Akpan, and
D’Aofit 2020b), relieve pain in older women with knee osteo-
arthritis (Trombini-Souza et al. 2015) and improve balance in
children (Quinlan et al. 2022). Xu (Xu et al. 2023) proposed
that minimalist footwear could be a beneficial adjunct to ex-
ercise programmes in clinical populations.

2 | Review Question
Based upon the Population-Concept-Context (PCC) framework,

this review will address the following research question: What
is the clinical/therapeutic potential of minimalist footwear

(concept) in the treatment and/or rehabilitation of lower limb
impairments (context) across the life course (population)?

The objectives of the review are to:

1. Synthesise the biomechanical (e.g. movement, loading and
strength parameters), functional (e.g. balance and mobility
measures) and clinical (e.g. outcome measures) variables
reported in studies evaluating the therapeutic potential of
minimalist footwear.

2. Map the clinical populations where minimalist footwear
has been tested as an intervention or adjunct to an
intervention.

3. Outline the reported mechanisms of action of minimalist
footwear.

3 | Method

This scoping review was conducted in accordance with the JBI
methodology for scoping reviews (Aromataris et al. 2024) and
reported in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) extension for
scoping reviews (Tricco et al. 2018). The protocol was registered
on the Open Science Framework (DOI: 10.17605/0SF.I0/
XPY5E).

The inclusion criteria were defined using the PCC framework:

3.1 | Participants/Population

This review considered studies across the life course which have
evaluated minimalist footwear as an intervention, or adjunct to
an intervention, in clinical populations, or where a clinical need
has been defined.

3.2 | Concept

The concept explored was minimalist footwear. Due to variance
in the literature, we did not include a fixed definition of mini-
malist footwear but aligned inclusion with the principles re-
ported by Esculier et al. (Esculier et al. 2015). The key
characteristics of minimalist shoes include high flexibility, low
heel-to-toe drop, lightweight construction, minimal stack
height, and the absence of motion control and stability devices
(Esculier et al. 2015). The requirement for the concept being met
was defined by the reviewers at full-text screening, identifying
footwear meeting the above definition or self-report from the
authors.

3.3 | Context

Research studies which evaluated the therapeutic potential of
minimalist footwear for the treatment and/or rehabilitation of
lower limb impairment(s) were considered. The term thera-
peutic potential was used to capture any study which involved
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participants where minimalist footwear was used as an inter-
vention, or within an intervention package, to ameliorate the
impact of impairment(s) on individuals' function, performance
and/or participation. These studies could be proof-of-concept
laboratory-based studies (with defined clinical populations) or
conducted within the clinical setting (such as randomised
control trials). All geographical locations were included.

4 | Types of Sources

A systematic search was undertaken and included peer-
reviewed, primary research studies of quantitative design,
including randomised and non-randomised clinical trials,
analytical and non-analytical observational design (e.g. cohort,
case-control, cross-sectional and case study design). We
excluded qualitative research, reviews (e.g. narrative or sys-
tematic), and conference abstracts as we did not anticipate that
they would contain sufficient information to answer the
research questions.

5 | Search Strategy

As defined in the JBI guidance (Aromataris et al. 2024), a three-
step search strategy was adopted. An initial search of MEDLINE
and CINAHL was undertaken to identify articles on the topic.
The text words contained in the titles and abstracts of these
articles, and the index terms, were used to develop a full search
strategy, which was developed and agreed with support from an
academic librarian. An example search strategy is reported (see
Supporting Information S1: appendix 1). The databases searched
were MEDLINE, EMBASE, and CINAHL, and the search
strategy was adapted for each database. Sources of ongoing and
recently completed studies/grey literature were searched on
ClinicalTrials.gov (the US National Institute of Health Clinical
Trials search portal) and Web of Science.

The reference list of all included sources of evidence was
screened for additional studies. If required, the authors were
contacted for information about their manuscript(s). We
included studies written in English and to ensure a contempo-
rary perspective of the literature, we included studies published
from the year 2000 onwards.

6 | Study/Source of Evidence Selection

Citations were collated into Mendeley, and all duplicates
removed. The titles and abstracts were independently screened
by two reviewers [Binya Luo, Stewart C. Morrison] and the full
text of selected citations independently assessed against the
inclusion criteria. This was undertaken by the same two re-
viewers. Exclusion of full-text sources was recorded and dis-
agreements between the reviewers were discussed. Where there
was disagreement, a third reviewer [Ben Langley] was con-
sulted. The results of the search and the study inclusion process
are reported in a PRISMA flow diagram (Figure 1) (Tricco
et al. 2018).

7 | Data Extraction

The data extraction form was based on recommendations from
the JBI (Pollock et al. 2023) and tailored to reflect the research
question. The data extracted from studies included participant
demographics, concepts, context and key findings reported in
the study and was initially piloted by two reviewers [Ben
Langley, Carina Price] on two papers representing different
types of research articles. Data extraction was undertaken and
charted independently. Following this, there was a discussion
with the wider research team and additional information was
extracted from each of the studies relating to study inclusion/
exclusion criteria, reporting of comorbidities, detailed footwear
characteristics, recruitment setting and methods and the spe-
cific tasks or activities being undertaken by participants. A
narrative synthesis was undertaken.

The PRISMA flowchart for the study is presented in Figure 1.
The original search returned 1571 sources, of which 1242
remained after the removal of duplicates.

8 | Results

A summary of the screening and inclusion of studies in the
review is presented (see Figure 1). A total of 1571 studies were
imported into Covidence, and 328 duplicates were removed. At
the title and abstract screening stage, 1202 studies were
excluded and 41 were considered at full-text screening. Twenty-
five studies were excluded and 16 progressed to data extraction.

8.1 | Description of Studies

A total of 489 participants were included within the 16 studies
(see Table 1). Seven studies reported results for a mixed sex
sample (i.e. male and female), 7 reported a female-only sample,
and 2 reported male-only. The smallest sample size was 1 (case
study in hallux valgus) and the largest was 70 (randomised
control trial in knee pain). The clinical populations ranged from
adolescents with patello-femoral pain (14.3; SD: 1.7 years)
through to older adults (73.4; SD: 3.9 years), with studies
focussing on the knee being most common (n = 9); knee oste-
oarthritis (n = 6), patello-femoral pain (n = 3). Eleven of the
studies were observational (4 cohort studies, 5 cross-sectional
studies, 1 case-control, and 1 case study) and five of the
studies were experimental. Studies were conducted in Australia
(n = 5), Brazil (n = 5), the United Kingdom (n = 3), China
(n =2) and the United States of America (n = 1). Settings varied
across the studies and ranged from the clinical setting to the
movement laboratory setting, with the latter being the most
common (n = 9).

8.2 | Footwear Characteristics

All but two studies reported footwear characteristics (see
Table 1). Most of the studies (n = 11) compared minimalist
footwear against a standard shoe, and three studies had an or-
thoses comparator, one study tested two versions of orthotic
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FIGURE 1 | PRISMA flow-chart.

design both incorporating 5° lateral wedges (Jones et al. 2015),
one study tested custom (flat) ethylene-vinyl acetate (EVA) or-
thoses with 7 mm lateral wedges (Ribeiro and Jodo 2022), and
similarly, one used EVA devices with rear-foot wedging (not
defined) (Ribeiro et al. 2022). Characteristics of footwear varied
across the studies and are reported in Table 1. They included

running shoes/trainers (n = 5), casual shoes of various styles
(n = 8) and barefoot (n = 3). Some studies included participants
own footwear as a control condition (n = 3). The adaptation
time offered for participants to familiarise themselves with new
footwear also varied across the studies, although several studies
did not report an adaptation time.
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| (Continued)

TABLE 1

Functional tasks Data collection &

Footwear
characteristics

Study
design

outcomes

undertaken

Participants

Country
China

Aim

Study

Walking, self-selected Finite element modelling

1 male aged 26 years Minimalist characteristics

Case study

To evaluate the
longitudinal effect of

Xiang, Mei,

velocity

not reported
No comparator

Wang et al.
(2022)

minimalist footwear
intervention on mild

hallux valgus

#Same study but different variables reported.

8.3 | Outcome Measures

All studies featured instrumented data collection techniques,
ranging from Inertial Measurement Units (IMU) to three-
dimensional gait analysis. Eleven studies featured three-
dimensional movement analysis, but the variables differed
across the studies (see Table 2). With most studies focussing on
the knee, it was unsurprising that knee kinetic and kinematic
variables were frequently reported. Three studies adopted
plantar pressure technology, and one study adopted finite
element modelling. Walking at self-selected pace was the most
common functional task and reported in 12 studies, with vari-
ations such as single and dual tasking (Cudejko, Gardiner,
Akpan, and D’Aolt 2020b), varied walking surfaces (Azhar
et al. 2023), stair descent (Sacco et al. 2012) and gait retraining
interventions (Ribeiro and Jodo 2022). Four of the studies re-
ported treadmill running (Bonacci et al. 2018, 2020; Mazzella
et al. 2024; Xiang, Mei, Fernandez and Gu 2018).

Several functional measures featured across the studies and
included the Timed-Up and Go (Cudejko et al. 2020a, 2020b),
Star Excursion Balance Test (Cudejko, Gardiner, Akpan, and
D’Aolt 2020b), and six-minute walk test (Ribeiro and Jodo 2022;
Ribeiro et al. 2022). Pain was a feature of the inclusion criteria
for 9 studies (Bonacci et al. 2018, 2020; Jones et al. 2015; Maz-
zella et al. 2024; Paterson et al. 2017; Sacco et al. 2012; Shakoor,
Lidtke, Wimmer et al. 2013; Trombini-Souza et al. 2015, 2020)
and measured as an outcome in seven studies. This was via a
numerical rating scale in three studies (Jones et al. 2015; Ribeiro
and Jodo 2022; Ribeiro et al. 2022), and/or self-report outcomes
measures in six studies, the Foot Health Status Questionnaire
(Bennett et al. 1998) was used in two studies (Ribeiro and
Jodo 2022; Ribeiro et al. 2022) and the Western Ontario and
McMaster Universities Index (WOMAC) (Bellamy et al. 1988) in
four studies (Paterson et al. 2017; Sacco et al. 2012; Shakoor,
Lidtke, Wimmer et al. 2013; Trombini-Souza et al. 2015).
Participant report of footwear characteristics was presented in
six studies and included footwear comfort (three studies) (Azhar
et al. 2023; Jones et al. 2015; Mazzella et al. 2024) and aspects of
the Monitor Orthopaedic Shoes questionnaire (Van Netten
et al. 2009) such as attractiveness, fit, weight and ease of use
(Azhar et al. 2023; Cudejko et al. 2020a, 2020b). Comfort was
also reported by Ribeiro, de Souza & Joao (Ribeiro et al. 2022),
but no measurement tool or procedure was defined.

The influence of minimalist footwear on outcomes varied across
the studies and findings are summarised in Table 2. Based on
the biomechanical outcomes, there was some evidence of
minimalist footwear increasing variability of knee joint mo-
ments in PF pain (e.g. Bonacci et al. 2020); decreasing PFJ
loading in PF pain (e.g. Bonacci et al. 2018); increasing stability,
defined by a decrease in Centre of Pressure metrics coupled with
an increase in Margin of Stability (e.g. Cudejko et al. 2020a,
2020b)) and decreasing knee moment magnitude (specifically
EKAM and KAAI) compared with other shoes (e.g. Sacco
et al. 2012; Sacco et al. 2012)). Evidence of impact on functional
outcomes was demonstrated by increased stability (e.g. Cudejko
et al. 2020a, 2020b)) although this was not consistent across
studies with different variables reported (e.g. Azhar et al. 2023;
Azhar et al. 2023)). Two of three studies reported an increase in
the distance achieved in the 6-min walk test (Ribeiro and
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Jodo 2022; Ribeiro et al. 2022). For the clinical outcomes, studies
demonstrated improved perception of footwear (e.g. fit and
lightness) (Cudejko, Gardiner, Akpan, and D’Aott 2020b), but
findings about comfort varied when compared to other footwear
(e.g. Azhar et al. 2023; Jones et al. 2015; Azhar et al. 2023; Jones
et al. 2015)) and after a period of wear (Ribeiro et al. 2022).
Similarly, changes in pain were not consistent across studies,
with some reporting improvement (Trombini-Souza et al. 2015)
and others reporting no change (Paterson et al. 2017).

Reported mechanisms of action varied across studies and were
not always tested. Mechanisms included somatosensory (Azhar
et al. 2023; Cudejko et al. 2020a, 2020b), reduced movement
variability (Bonacci et al. 2020), reduction in joint stress or
loading through kinematic or kinetic parameters (Bonacci
et al. 2018; Jones et al. 2015; Mazzella et al. 2024; Paterson
et al. 2017; Shakoor, Lidtke, Wimmer et al. 2013; Trombini-
Souza et al. 2015), distal neuromuscular factors (Trombini-
Souza et al. 2020), and reduced plantar loading (Ribeiro and
Jodo 2022; Ribeiro et al. 2022).

9 | Discussion

The role of footwear as a clinical intervention or adjunct to
intervention is contentious and the purpose of this scoping re-
view was to explore the potential for minimalist footwear in the
treatment and/or rehabilitation of lower limb impairments
across the life course. Our review has mapped the clinical
populations where minimalist footwear has been tested and we
have identified 16 studies, with most focussing on knee pa-
thology, specifically knee osteoarthritis. Our review has also
identified the biomechanical, functional, and clinical variables
reported in studies. Biomechanical variables were most reported
but there was variation across studies, along with differences in
testing protocol(s) and footwear choices. Collectively, there was
evidence demonstrating the impact of minimalist footwear on
biomechanical, functional and clinical outcomes, but there were
differences with clinical populations, outcome measures, and
settings for data collection.

Knee joint pathology (e.g. osteoarthritis) was the most common
clinical problem and biomechanical outcomes were typically
reported, indicating the potential for minimalist footwear to
influence kinematic and kinetic parameters at the knee. How-
ever, the study samples were relatively small, and interventions
varied in their design, dose and dose response. Given the
breadth of the outcomes reported in the literature, the clinical
recommendations that can be drawn are limited and a system-
atic review of studies is warranted. Footwear is an important
self-management strategy for adults with knee problems and the
need for clearer footwear recommendations for people with
knee osteoarthritis (Moseng et al. 2024) remains. We acknowl-
edge that it is unlikely that a one size fits all approach to foot-
wear choice is appropriate, but mechanistic studies are
important to establish if minimalist footwear is beneficial and
influences clinical outcomes (Campbell et al. 2019). Addition-
ally, exploring the characteristics of responders and non-
responders to minimalist footwear may help to establish more
personalised footwear recommendation models.

Aside from the literature on therapeutic or prescribed footwear
for foot problems seen in conditions such as Rheumatoid
Arthritis (Frecklington et al. 2018; Tehan et al. 2019; Tenten-
Diepenmaat et al. 2018) and Diabetes (Jarl et al. 2020; Jorgetto
et al. 2019; Luo et al. 2022), studies have reported on the benefits
of footwear foot pain and disability in people with Gout
(Frecklington et al. 2019), and foot pain (Menz et al. 2015). In
this review, there was limited evidence exploring minimalist
footwear for foot conditions, but our search identified several
trial registrations for studies currently recruiting or have
completed recruitment. As outlined in the results, we have
identified 4 studies reporting the benefits of minimalist footwear
for foot conditions, 2 on heel pain and two on hallux valgus.
Similar to the work on knee pathology, footwear is an important
self-management strategy, but with such limited evidence, it is
unclear if minimalist footwear is an effective intervention (or
adjunct) for people with foot pain. We acknowledge that studies
have reported the benefits of minimalist footwear for improving
foot strength, but unless reporting on interventions for clinical
populations, these studies have not featured in our scoping re-
view (Curtis et al. 2021; Jaffri et al. 2023). The benefits of tar-
geting intrinsic muscle strength have been reported (Wei
et al. 2022), but some caution about the clinical benefits across
different populations is needed. In practice, footwear is a
notoriously challenging concept to navigate (Carter et al. 2016;
Matthias et al. 2021; Tehan et al. 2019) and successful influence
on footwear behaviour is challenging for clinicians (Jarl
et al. 2020). Footwear parameters such as aesthetics and
comfort were included in some studies and are important as
these represent important dimensions influencing footwear
decisions. Both parameters are complex concepts (Menz and
Bonanno 2021) but offer little insight into the potential longer-
term adherence to an intervention.

Sensorimotor and mechanical effects were reported in studies
exploring the impact of footwear on balance and gait charac-
teristics, but neurophysiological parameters appear to be a
notable omission from these studies. The focus on foot health
outcomes and plantar pressure parameters is important but the
plantar skin is a complex neurophysiological organ (Riabova
et al. 2024) and advances in understanding the influence of
footwear on neurophysiological parameters are needed to un-
derpin credible arguments about footwear choice(s) as an
intervention, and to support translation into practice. It is 10+
years since the publication of a review on footwear interventions
on balance, performance and gait in older adults (Hatton
et al. 2013), where the need for longitudinal studies focussing on
neurophysiological output was proposed. This gap in the liter-
ature remains an important barrier and we advocate for inter-
disciplinary collaborations to advance footwear science and
clinical interventions.

9.1 | Study Limitations

We have presented a scoping review and the findings from our
review are intended to map the breath of studies that have been
conducted on minimalist footwear as an adjunct to intervention.
We acknowledge that our design limits the appraisal of existing
evidence, and we have made no comment on the quality of the
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evidence. The exclusion of studies conducted in asymptomatic
participants is a key limitation of this search and has potentially
omitted some key studies. Equally, we imposed language re-
strictions on our search and have included only studies pub-
lished in English, which has introduced a publication bias.

9.2 | Conclusion

Through exploring the clinical potential of minimalist footwear,
we have sought to advance discussion about footwear in-
terventions for foot and lower limb impairments across the life
course. Our review has outlined the biomechanical, clinical and
functional variables reported in studies and concludes that there
are limited studies focussing on the clinical benefits of mini-
malist footwear interventions. Across the evidence included in
this search, there are inconsistencies across clinical populations
and methodological approaches. The characteristics reported in
this review may prove to be beneficial for informing future
research.
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