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Abstract
Background: Recent interest in barefoot running has led to the development of minimalist running shoes that are
popular in distance runners. A careful transition to these shoes has been suggested and examined in the literature.
However, no guidelines based on systematic evidence have been presented.
The purpose of this review is to systematically examine the methods employed in the literature to transition to
minimal footwear (MFW), as well as the outcomes to these studies in distance runners. In addition, MFW
transition guidelines for future clinical practice will be presented based on observations from this review.
Methods: A systematic database search was employed using PubMed online as the primary database. Twenty
papers were included in the final review.
Results: All studies implemented a prospective transition design to MFW with a detail of this transition provided,
which increased MFW exposure up to an average of 60% (30–100%) at completion. Only 8/20 studies included
injury prevention exercises, and 9/20 included gait retraining. The main outcomes of this transition included
limited positive evidence of transitioning into MFW for running economy (n = 4 studies) and muscle development
(n = 5). The injury incidence comparing running during the MFW transition (17.9 injuries per 100 participants) to
matched participants in conventional running shoes (13.4 injuries per 100) appears equivocal (p = 0.219; effect
size phi (φ) = 0.06 [very small]). Finally, several important recommendations for clinical practice and future research have
been presented.
Conclusions: It is hoped that this paper will present important first steps in unifying the process of transitioning to
MFW, both for academic and clinical use.
 Injury incidence comparing transitioning MFW

Key Points

participants to control groups appears equivocal.
 Many minimal footwear (MFW) transition studies

have adopted a careful progression of exposure to
MFW over time; however, the components of this
transition vary considerably.
 The MFW transition literature presents some
limited evidence of benefits to running economy,
performance, and muscle development.
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 Guidelines and suggestions for a MFW transition

have been presented.

Background
Endurance running remains one of the most popular
mass participation sports on the planet. Current figures
suggest that over 54 million people currently engage in
this sport, as a recreational or competitive activity [1].
However, recent evidence suggests that the rate of injury
in runners can vary from 3.2% in cross-country runners
to 84.9% in novice runners [2].
With this high risk of injury with running activity,
there has been an increase in interest in barefoot running over the last decade [3, 4]. The interest is largely
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due to anecdotal claims that this footwear modality is
more natural and can therefore reduce injuries that may
be caused by conventional running shoes (CRS) [5, 6].
With this increase in interest in barefoot running, footwear manufactures now produce minimal footwear that
are marketed as having reduced conventional properties
of the shoe such as stiffness, stack height, and shoe drop.
Many runners are now attempting to switch to a more
minimal running condition [4], and therefore have to
undergo a transition to this footwear type. Injury risk
may increase as a result of the transition because MFW
lacks the conventional footwear properties of which the
runner is now accustomed [7–9]. Runners attempting to
transition to MFW must either adapt their running kinematics to suit a novel footwear condition or adapt the
musculoskeletal system in order to accommodate different forces acting on the body due to changes in leg
geometry/loading and footwear protection. The success
and methods of how habitually shod runners can transition to MFW remain to be determined, but there is a
growing body of literature that has investigated this
problem (e.g. [8, 10, 11]).
Despite numerous authors and clinicians attempting
to develop a safe transition schedule to MFW (e.g.
[8, 10, 11]), there currently lacks any consensus of the
methods that should be employed to make this potentially
risky change in footwear modality. The methods employed
vary in the amount of exposure to MFW, the duration of
the transition period, and the control of other running
volumes during this time. In addition, despite numerous
authors making the suggestion that injury preventative
exercise should be included in this transition [12, 13],
these modalities are rarely included. An additional argument is that “the way that one runs is more important
than what is on ones feet” [14], and therefore, clinical
practice should consider the inclusion of gait-retraining
elements to promote the likelihood of desired changes in
running form. These gait-retraining changes, such as
adopting a non-rearfoot strike and increasing stride frequency, have been found to have positive effects on a risk
of injury. For example, adopting a forefoot strike reduces
pain and disability in runners with chronic exertional
compartment syndrome [15] and increasing step frequency has favourable effects on ground reaction force
variables associated with tibial stress fracture [16]. Finally,
the overall question that remains is whether there is any
benefit of making this transition which may be potentially
injurious for habitually shod western runners, who do not
display the robustness and physically active background as
our hunters gather ancestors of whom these theories of
proposed benefits have been developed [17]. In other
words, do we have the evidence that making a transition
to MFW is worthwhile in a habitually shod and somewhat
physically inactive [18] population?
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Therefore, the purpose of this review is to systematically examine and report the methods that have been
employed in the literature to transition to MFW, and
the outcome of these studies with regard to injury
and performance in runners. In addition, MFW transition guidelines for future clinical practice will be
presented based on observations from this review and
current practice.

Methods
Review Method

A systematic database search was employed using
PubMed online as the primary database. In addition,
Google Scholar and Scopus were also examined as
complimentary databases. The terms “(Transition OR
Habituation OR Training) AND (Minimalist OR Simulated Barefoot OR Barefoot Running Shoes) AND (Shoes
OR Footwear) AND (Running)” were employed in the
search strategy. The search was performed in February
2017. The literature search and screening of the abstracts were completed by the authors independently.
Papers that both authors judged to meet the following a
priori conditions and PICOS inclusion criteria were
included and read in full: (1) the methods included individuals with previous running experience, of which
their experience level was clearly reported; (2) the study
prescribed specific details for transitioning to MFW including the proposed exposure to MFW, either within
the paper or as an available resource; (3) the study included the use of “true minimal” shoes, based on the
definition “Footwear providing minimal interference
with the natural movement of the foot due to its high
flexibility, low heel to toe drop, weight and stack height,
and the absence of motion control and stability devices”
[19]; and (4) only longitudinal prospective studies were
included; (5) only full-length articles were included. The
review procedure was based on guidelines from the
PRISMA statement [20]. Both authors assessed the risk
of bias for all included articles with a modified version
of the Downs and Black Quality Index [21], used previously for systematic reviews in this area [22]. Definitions
of levels of evidence were guided by Hall et al. [23]. The
number of high-quality studies that examined the same
variable and found a similar outcome decided the following levels: strong, n ≥ 3; moderate, n = 2; or limited,
n = 1. Limited (n = 2 + studies) and very limited (n = 1
study) evidence was reported for low-quality studies with
similar outcomes. Quality was assessed by the risk of
bias score from the Downs and Black Quality Index,
where studies that scored from 0 to 6 were classified as
“high risk of bias” and very low quality, from 7 to 13 as
“moderate risk of bias” and low quality, and from 14 to
20 as “low risk of bias” and high quality.
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Data Extraction

Relevant articles were fully examined for the following
pre-determined areas of interest: participant information, the use of control or CRS groups during the transition duration, the period of the transition, the MFW
implemented, the use of a log to record/monitor training
during this transition, the schedule of the transition and
how exposure to MFW was managed (calculated using
the highest possible exposure within the group), the use
of any preparatory exercises for the potential reduction
in injury risk, the use of gait retraining in the transition,
the injuries experienced by participants in both the
intervention and control or CRS groups, and the rate of
attrition (i.e. the amount of drop outs, considering injuries and other reasons). In addition, the main outcomes
of the included studies were also reported, in order to
summarise the evidence for potential positive/negative
outcomes from a MFW transition. Given the purpose of
examining the effects of a MFW transition, the results
were focused on the changes that occurred because of
the MFW transition rather than a comparison between
MFW and CRS. Changes in outcome variables observed
during the transition period in control or CRS groups
were also given, but specific analysis as to the degree of
change in CRS relative to MFW was not performed for
all outcomes. Due to the potential for injury following a
MFW transition [7–9], a direct comparison between
MFW and CRS was performed for injury incidence only.
Statistical Considerations

The prescribed exposure per running session or per week
was mixed between percentages of typical running volume,
by absolute miles per bout or per week, or by absolute time
running in MFW. Therefore, in order to compare exposure
across studies, we assumed an average running pace of
5 min/km to calculate the percent of the reported regular
training that was performed in the MFW during the different phases of the transition period. Pooling was performed
where studies investigated the same outcome measure with
comparable methodology. Subject data was only included
once in the pooling for studies by the same lab group that
were conducted on the same subjects (e.g. [11, 24, 25]).
Averages of values across papers did not include papers
where the metric was not reported (e.g. attrition). A metaanalysis was performed on the injury occurrence only as
there was insufficient data of similar outcome measures for
meta-analyses of other variables to be undertaken. Most
papers did not include a definition for injury. Therefore,
for the purpose of the meta-analysis, an injury had to be
symptomatic and resulted in missed training.

Results
The literature search returned 76 relevant articles and
an additional 11 articles found in Scopus but not
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PubMed. The search in Google Scholar returned 3153
results not found in either Scopus or PubMed. The reference lists of initial articles were also screened for any
relevant articles not found in the PubMed or Scopus
searches. Three additional articles were sourced and
considered for inclusion in the review. Twenty papers
were included in the final review after screening each
article for inclusion criteria (a study selection flow chart
is presented in Fig. 1). A summary of the predetermined
areas of interest is provided in Table 1, and the results of
the Downs and Black Quality Index can be observed in
Table 2. Seven studies included a control group who ran
in their own running shoe for the training portion of the
study [11, 24–29], five studies included a CRS group for
which the shoes were provided [8, 30–33], and eight
studies included only a MFW group [7, 9, 31, 34–38].
Some studies included groups that did not meet the
guidelines for inclusion, such as a partial minimalist
group [31], a barefoot group [36, 39], and walking
groups [26]. Only the groups from these studies that
met the guidelines for review were included in the
analysis.
The participants ranged from well-trained to recreational runners, running anywhere from 15 to 88 km/
week, and included both male and female participants
(male, N = 342; female, N = 281). All studies included
participants with no previous barefoot or minimalist
experience at the start of the study. Inclusion criteria regarding previous running experience varied from as low
as 4.8 km/week [36] or “being able to run 20 minutes”
[34] to as much as 88 km/week [39]. The average reported running distance/week was 41 km. Only two
studies had an experimental group with N > 30 [31, 33].
The transition period ranged from 2 weeks to 6 months,
with the most common footwear brand used in the transition being the Vibram FiveFingers. Thirteen out of
twenty studies included a training log to measure compliance to the transition schedule.
The transition schedule implemented in many of the
studies involved a gradual increase in the exposure to
minimal shoes over the transition period. The amount of
training in minimalist shoes undertaken during the first
week of the programme ranged from estimated mean of
8% (range 0–24%) of the participants’ regular training
and increased to an estimated mean of 60% (range 30–
100%) at the end of the transition schedule. However,
Willson et al. maintained the same amount of MFW exposure each week for the short 2-week transition [9],
three studies allowed training only in the MFW that increased gradually each week [31, 40], and three studies
based on the same cohort [11, 24, 25] controlled exposure for the first 3 weeks and then allowed the participants to increase exposure as they saw fit. Participants
maintained their normal total training volume in 14/20
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Fig. 1 PRISMA study selection flow chart for the review. The relevant, non-duplicate citations were screened and included in the review if (1) the
methods included individuals with previous running experience, of which their experience level was clearly reported; (2) the study prescribed
specific details for transitioning to minimal footwear including the proposed exposure to minimal shoes; (3) the study included the use of “true
minimal” shoes, based on the published definition; and (4) the study was longitudinal and prospective

studies; participants simply substituted some of their
running in CRS with MFW incrementally over this period.
However, several studies [29, 31, 33, 41] controlled the entire training schedule in both CRS and MFW or did not
allow any other training than that completed in MFW
[9, 30]. Several studies [7, 8, 27, 28, 31, 32, 35] also
encouraged non-running activity in the first week of
the schedule as acclimatisation for the novel footwear.
Only 3/20 studies [7, 8, 32] prescribed a specific running surface, where it was recommended that both
grass and road running was included.
Only 8/20 of the included studies implemented supplementary exercises performed two to three times a
week. One out of these eight studies included a CRS or
a control group, but exercises were only implemented
to the MFW group [28]. Moore et al. [36] included
these exercises for 2 weeks before the transition to
MFW began. Two studies [27, 28] included these exercises
during weeks 1–3 and 1–2, respectively. Supplementary exercises were similar across studies and included
concentric/eccentric triceps surae strength work, selfmyofascial release techniques of the foot and lower leg,
intrinsic foot musculature exercises, ankle proprioceptive/balance work, and light plyometrics.
Nine out of twenty of the included studies used some
form of gait retraining or advice as part of the MFW
transition. The training or advice included some or all of
the following: a more upright posture with hips forward,

increased cadence (+ 10%), running “lightly and quietly”,
and adopting a non-rearfoot strike pattern. One study
[29] included the above gait retraining but provided no
instruction on foot strike. Two studies [26, 28] provided
recommendations but no direct feedback, and one study
[9] informed the participants that changes happen but
told them not to be compelled to make any changes.
Most studies implemented gait retraining or advice
through a deliberate instruction at pre-tests. No study
reinforced, quantitatively measured or monitored, or
provided ongoing feedback for the transition.
Main Study Outcomes

Four studies investigated running economy, one of
which included gait retraining [25, 32, 38, 41]. The one
study that examined the combination of a MFW transition and gait retraining noted no improvement in running economy [32]. The three studies that did not
include gait retraining demonstrated improvements in
running economy in MFW of 8% after 4 weeks [38],
3.4% after 5 weeks [34], and 10.4% after 10 weeks [25].
The 3.4 and 10.4% improvements in running economy
observed after the MFW transition [25, 34] were likely a
training effect, given that the control or CRS group also
improved running economy from pre- to post-transition
(4.1% [25], 2.8% [34]). Therefore, there is currently limited evidence that a transition to MFW will improve
running economy.

Participant’s
information

N = 19
Female,
18–35 years
Running > 24
km/week

N = 15
Male
Well-trained
runners,
19–29 years
> 50 km/week

N = 10
Female,
19–23 years
Running average
45 km/week

N = 13, 7
male, 6 female,
21–23 years
Distance not
reported
Could run for
30 min
continuously

N = 28
Male, 25–43
years
Running > 40
km/week

Source

Willson et al. [9]

Warne and
Warrington [38]

Warne et al. [7]

Bellar and
Judge [34]

Warne et al. [8]

Vibram
FiveFingers
(Bikila)

Vibram
FiveFingers
(classic)

Vibram
FiveFingers
(KSO)
(lab testing
performed in
Vivo Barefoot
EVO)

2 weeks

4 weeks

4 weeks

MFW (N = 17,
tested in MFW
and CRS)

MFW (N = 15,
tested in MFW
and CRS)

Vibram
FiveFingers
(KSO)

6 weeks

MFW (N = 12,
tested in MFW
and CRS)
CRS (N = 12,
tested in CRS)

Kigo Edge/
Drive

MFW (N = 13,
5 weeks
tested in MFW,
barefoot and
CRS)

MFW (N = 10)
tested in MFW
and CRS)

Transition
footwear

Groups
Transition
(size of final N) period

Yes

Yes

No

2 × 15 min [1],
increase to 3–4 ×
30 min [4]

No

3 × 5–8-min
barefoot activity [1],
3 × 10–18 min [2],
3 × 25–28 min [3],
3 × 30–35 min [4],
2–3 × 40–45
min [5, 6]
Maintained CRS
volume
Used grass and
pavement

5 × 30 min
running/week, 1 of
these in MFW and
others in CRS [1],
progress to all 5 in
MFW [5]

3 × 5–8-min
barefoot activity [1],
3 × 10–15 min [2],
3 × 20–25 min [3],
3 × 30–35 min [4]
Maintained CRS
volume
Used grass and
pavement

Maintained total
volume (substituted
some CRS volume
for MFW)

20 min, 3 times
a week [1, 2]
No other training

No

Training Transition schedule
log used (in MFW) [week]

None = 0%

4/28 = 14%
(2 in the MFW
group due to
injury; 2 in the
CRS group lost
to follow-up)

Not reported

2 injuries in the
MFW group
(hamstring tear,
calf tear)
No injuries in
the CRS group
33% reduction in
loading rate in the
MFW group after
transition
Loading rate
significantly higher
in MFW vs. CRS at
pre-tests
Shorten stride and
increase cadence,
run light and quiet,
non-rearfoot landing,
upright posture
Foot sole and
calf rolling,
ankle mobility,
calf raises,
toe grabs,
static balance

None = 0%

3% improved
running economy
pre to post, likely a
training effect

None

None = 0%

No

Reduction in
plantar forces at
post-tests in both
MFW and CRS
Higher mean and
regional pressures
in MFW vs. CRS
Shorten stride and
increase cadence,
run light and quiet,
non-rearfoot landing,
upright posture
Encouraged for MFW
and CRS

Not reported

2/19 = 11%

1 injury—
lateral knee
pain (was 1 of
2 that dropped
out of study)

Runners that
retained a
rearfoot strike
(9 of 12)
showed 3
times greater
LR in MFW vs.
those who
converted to
non-rearfoot strike
No change in
kinetics over
time across all
participants
1.05% more
economical in
MFW at pre-tests
(ns), 6.9% at
post-tests

Participant
attrition

Injuries
experienced

Main study
outcomes

No

No. of participants
informed that they
were “not
compelled to
continue with a
rearfoot strike
pattern”

Gait retraining
included

No

Foot sole and
calf rolling,
ankle mobility,
calf raises,
toe grabs,
static balance

Calf raises,
golf ball
rolling on
the foot sole

No

Exercises
included

Table 1 A summary of key factors from the research papers included in this review. Studies are ordered from the shortest to longest transition period. Age ranges estimated
from mean ± 1 SD are given because not all studies reported the mean age of participants
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MFW (N = 10,
tested in MFW
and CRS)

N = 10, 9 male,
1 female,
20–22 years
5–16 km/week

N = 23
Male, 33–53 years
Running average
52 km/week

N = 44,
18–32 years
Running average
24–48 km/week

N = 43, 21 male,
15 female,
19–32 years
Running 24–48
km/week

Moore et al.
[36]

Warne et al.
[32]

Johnson et al.
[11]

Ridge et al.
[24]

Control
(N = 17)

MFW (N = 19)

Control
(N = 19)

MFW (N = 18)

MFW (N = 12,
tested in MFW
and CRS)
CRS (N = 8)

MFW (N = 12,
tested in MFW
and CRS)

Khowailed et al. N = 12
[35]
Female, 23–29
years
Running average
25 km/week

10 weeks

10 weeks

8 weeks

7 weeks

6 weeks

Vibram
FiveFingers
(not specified)

Vibram
FiveFingers
(not specified)

Vibram
FiveFingers
(KSO)

Vibram
FiveFingers
(Komodo
Sport)

Vibram
FiveFingers
(Bikila)

Yes

Yes

Yes

No

No

1.6–3.2 km [1],
1.6–3.2 km × 2 [2],
at least 4.8 km [3]
Then increase as
tolerated
Maintained CRS
volume

1.6–3.2 km [1]
+ 1.6–3.2 km/week
[2, 3]
Then increase as
tolerated
Maintained CRS
volume

3 × 5–8-min
barefoot activity [1],
3 × 13–18 min [2],
3 × 25–28 min [3],
3 × 30 min [4],
3 × 35 min [5, 6],
3 × 45 min [7, 8]
Maintained CRS
volume
Used grass and
pavement

Exercises only [1, 2],
20% progression in
MFW per week [3–7]
Not specified if
participants
maintained CRS
volume

3 × 5–8-min
barefoot activity [1],
3 × 10–15 min [2],
3 × 20–25 min [3],
3 × 30–35 min [4]
Maintained CRS
volume
Used grass and
pavement

No

No

No

No change in
Shorten stride and
running economy
increase cadence,
during transition
run light and quiet,
non-rearfoot landing,
upright posture

Foot sole and calf
rolling,
ankle mobility,
calf raises,
toe grabs,
static balance

No

No

[1–2 only] heel
raise, toe grip,
dorsiflexion and
plantar flexion,
toe spread,
exaggerated
eversion and
inversion, towel
grabs

Increased risk of
stress fracture and
bone marrow
oedema in the
MFW group
following transition

Abductor hallucis
cross-sectional area
significantly
increased in the
MFW group, but no
difference in size for
the 3 other muscles
tested

Higher peak
pressures, loading
rate and impact
peak in MFW and
barefoot vs. CRS
However, loading
rate and peak
pressures decrease
as a result of the
transition in all
footwear types

Shorten stride and
increase cadence,
run light and quiet,
non-rearfoot landing,
upright posture
Encouraged for MFW
and CRS

Running form
drills,
proprioceptive
exercises, flexibility,
strength, polymeric
activities

Reduced loading
rates and impact
peak in transitioned
MFW vs. CRS
Decreased tibialis
anterior activation
and increase
gastrocnemius
activation with
habituation to MFW

3 of 23 = 13%
(1 in the MFW
group due to
injury, 2 in the
CRS group
lost to
follow-up)

None = 0%

Not reported

No injuries or
oedema in the
control group

10/19 classified 7/43 = 16%
as injured in
the MFW group
based on
imaging results,
and 2/19 of
these with
diagnosed
stress fractures

The same
7 of 44 = 16%
participants as
(nonRidge et al. [24] compliance)

1 injury in the
MFW group
(metatarsal
stress fracture)
No injuries in
the CRS group

None

Not reported

Table 1 A summary of key factors from the research papers included in this review. Studies are ordered from the shortest to longest transition period. Age ranges estimated
from mean ± 1 SD are given because not all studies reported the mean age of participants (Continued)
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MFW (N = 35)
CRS (N = 32)

N = 103, 39 male,
64 female,
19–50 years
Able to run
60 min

N = 30 Female,
18–35 years
Running > 15
km/week

N = 33, 17 male,
16 female,
24–36 years
Running 48
km/week

Ryan et al. [31]

McCarthy et al.
[28]

Miller et al. [29]

MFW (N = 16,
tested in CRS
pre; CRS and
MFW post)
Control
(N = 13)

MFW (N = 9,
tested
barefoot and
CRS)
Control
(N = 10, tested
barefoot and
CRS)

MFW (N = 10,
tested in MFW
and CRS)
Control
(N = 15, tested
in MFW and
CRS)

Ridge et al. [25] N = 25, 14 male,
11 female,
22–34 years
Running 24–48
km/week

Yes

Yes

Yes

No
New Balance
(Road Minumus 10)
or Merrel
(Pace/Trail
Glove)
randomly
paired

Vibram
FiveFingers
(Classic)

12 weeks

12 weeks

Vibram
FiveFingers
(Bikila)

Vibram
FiveFingers
(not specified)

12 weeks

10 weeks

Comprehensive
12-week
programme
(controlling CRS
volume also)
Week 1: 2 1-mile
runs in MFW,
increase by 1 mile/
week
Increased to 3 MFW
runs/week by
week 4

No

Encouraged to
maintain vertical
trunk posture, use
high cadence, and
avoid over striding
No foot strike
instruction

Increases in foot
musculature volume
post-tests in both groups
Greater stiffening of arch
post-tests in the MFW
group after outlier
removed

Shorter ground contact
time, more anterior foot
strike, greater ankle ROM,
greater knee flexion at
contact in the MFW
group post-transition

Advised to avoid
over-striding or use
a rearfoot strike
pattern
No feedback
provided

Walking [1],
5-min walk,
1-min jog × 3, × 3/
week [2],
3 × 5 min/week + 5
min/week [3–8],
1-day rec between
[9–11, 91],
individualised
Maintained CRS
volume

[1–2 only] from
manufacturer’s
recommendations
Stretching calf
muscles and selfmassage of the
calf and foot were
also encouraged

23% injury rate over
12 weeks in all
participants
No significant difference
in injury comparing
MFW and CRS
Increased calf/shin pain
in MFW

No

No
1 week “break-in
period” [1], 10% of
volume in MFW [2],
up to 58% [10]
Then increase as
tolerated
Gradually increased
running volume
from 160 to
225 min until a
2-week taper
[11, 91], leading into
a 10-km event
Included a longer
run and interval
training each week
All training
controlled

Both groups
improved RE over
time, no interaction
reported

No

1.6–3.2 km [1],
1.6–3.2 km × 2 [2],
at least 4.8 km [3]
Then increase as
tolerated
Maintained CRS
volume

No

6/25 = 24%
(due to injury)

3 injuries in
control
(Achilles
tendonitis,
plantar fascia
tear, lower
back pain)

No injuries in
the MFW
group

4 injuries in
control
(sciatica,
anterior
knee pain, ITB
syndrome,
back pain)

4 injuries in the
MFW group
(calcaneal stress
fracture [not
related to
running], hip
and calf pain,
2nd metatarsal
pain, metatarsal
stress fracture)

4/33 = 12%
(3 due to
injury, 1 lost
to
follow-up)

11/30 = 37%
(7/11 due to
injury related
to study)

7 injuries in the 12/103 = 12%
(lost to
MFW group
(specific injuries follow-up)
not reported)
4 injuries in the
CRS group
(specific injuries
not reported)

The same
participants as
Ridge et al. [24]

Table 1 A summary of key factors from the research papers included in this review. Studies are ordered from the shortest to longest transition period. Age ranges estimated
from mean ± 1 SD are given because not all studies reported the mean age of participants (Continued)
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24 weeks
(assessments
at 0, 12, and
26 weeks)

MFW (N = 12)
Control
(N = 12)

N = 48 (96 ft),
25 male,
16 female
completed study,
20–33 years, no
barefoot or MFW
experience
Control group
had to be
running 10–40
miles/week

N = 34, 25 male,
9 female,
23–37 years
Running 44–88
km/week

Campitelli et al.
[26]

Azevedo et al.
[39]

6 months

16 weeks
(pilot study)

MFW (N = 11)
CRS (N = 9)

Dubois et al. [30] N = 26, 8 males,
18 female,
18–55 years
Running distance
not reported
Could run 20
min continuously
Running
experience of
one half or full
marathon

Barefoot
(N = 6), MFW
(N = 8)

12 weeks of
transition
followed by
additional
12 weeks of
study
participation

MFW (N = 22)

Joseph et al. [37] N = 29, 7 male,
15 female,
18–28 years
Running 16–48
km/week

New Balance
(Minimus
MR10BG)

Vibram
FiveFingers
(Bikila)

Inov-8
(F-lite 195/
Bare X-lite
150/Road
X-lite 155),
Mizuno (Wave
Universe),
Saucony (A5)

Newton
Gravity

Yes

No

Yes

Yes

No

No

3 training sessions
per week in the
MFW
In each 2 months, a
more “minimal”
shoe was used
Maintained CRS
volume

No

No

Brochure on proper
running form
(not specified)

Instruction given for
forefoot strike
pattern, decreased
stride length,
increased stride
frequency, forward
trunk lean
Video of running
style provided

No

Training restricted in No
the MFW group
only: 4 training
sessions per week;
increased mileage
or time in MFW by
10% each week
starting with 0.25
time/mileage
restriction week 1
up to 6.0 in week 24
CRS worn for any
additional time/
mileage

Comprehensive
16-week
programme
Progressed from 3
to 7 × 1 min [1], to
one half
marathon [15]
All training in MFW

Other volume
maintained in CRS
until 100% in MFW

10% of total
mileage in MFW for
weeks 1 and 2
Increase by 10%/
week until 100%
reached in week 12
Maintained 100%
through week 24

3 injuries in the
MFW group
(metatarsal,
stress fracture,
iliotibial band
syndrome,
plantar fasciitis)
3 injuries in
CRS (low back
pain, medial
tibial stress
syndrome × 2)
Missed training
due to pain the
same in groups

4 injuries
(exacerbated
previous knee
pain)

In the MFW group, 6/14
participants dropped out
due to pain/injury

20/34 = 59%
(70% in the
barefoot
group, 30% in
the MFW
group)
40% injury/
pain, 40%
time/place,
15% fear of
injury, 5%
accident

2 injuries in the
barefoot group
(“injury/pain”)

(2/12 = 17% in
the MFW
group, 3/12 =
25% in the
control group)

7/48 = 15%

6/26 = 23%
(2 prior to
randomisation,
4 during study)

7/29 = 24%
(7% relocation,
14% knee
pain, 3% noncompliance)

6 injuries in the
MFW group
(“injury/
pain”—specific
injuries not
reported)

No injuries
Increase in abductor
hallucis longus thickness reported
between 0 and 24 weeks
in the MFW group
No difference in
thickness over the study
period in the control
group
No group differences in
muscle thickness

15.4% drop out rate after
randomisation, N too
small to detect the injury
difference between
groups

No change in plantar
flexion force, Achilles
tendon cross-sectional
area, mechanical characteristics or material properties between baseline,
6, 12, and 24 weeks

Table 1 A summary of key factors from the research papers included in this review. Studies are ordered from the shortest to longest transition period. Age ranges estimated
from mean ± 1 SD are given because not all studies reported the mean age of participants (Continued)
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N = 61
All male,
aged 18–40
Running at least
15 km/week
Maximum 5k
time = 23 min

Fuller et al.
[33]

6 months

MFW (N = 31)

CRS (N = 31)

6 months

MFW (N = 20)
Control
(N = 18)

MFW minimal footwear, CRS conventional running shoes

N = 47, 21 male,
17 female,
20–45 years
Running average
26 km/week
(MRS), average
35 km/week
(CRS)

Chen et al.
[27]

Asics
(Piranha SP4)

Vibram
FiveFingers
(not specified)
Minimalist
Index 92%
[12]

Yes

Yes

6 weeks of training
standardised for
both groups (long
slow distance and
intervals included)
5% of each run in
MFW [1] maintained
CRS volume
Increase MFW
volume by 5% each
week until 100%
MFW [19]

It was not clear
what volume of CRS
running was
maintained

Stage 5: full activity

Stage 4: five loading
days in 1 week

Stage 3: jogging
multiple days

Stage 2: jogging
every other day

Stage 1: walk and
jog

Stage 0: pre-entry
barefoot activity

Transition adopted
from the Spaulding
Natural Running
Centre [13]

No

[1–3 only] 30× calf
raises, dynamic
balance, foot
placement, calf/
Achilles stretches

No

Land gently, with
your foot relatively
horizontal and under
your hips (this will
shorten your stride)

Shoe × body mass
interaction for time to
running-related injury

Increase in muscle
volume in intrinsic and
extrinsic foot muscles in
the MFW group
Muscle volume
associated with
compliance to MFW
transition

Training in
MFW increased
knee and calf
pain; 11/30
(37%) in CRS
became
injured; 16/30
(51%) in MFW
became injured
Time to injury
was not
affected by
shoe type
In MFW, injury
was statistically
more likely
with body
mass > 71.4 kg

No injuries

5/30 (17%) in
the CRS group,
4/31 (13%) in
the MFW
group

9/47 = 19%
(8 conflicts,
1 lost to
follow-up)

Table 1 A summary of key factors from the research papers included in this review. Studies are ordered from the shortest to longest transition period. Age ranges estimated
from mean ± 1 SD are given because not all studies reported the mean age of participants (Continued)
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Table 2 Modified Downs and Black’s checklist results. The scale was composed of 20 items related to information reporting (items 1
to 9), external validity (items 10 and 11), internal validity (items 12 to 15), and selection bias (items 16 to 20). Each item was scored 0
to represent a high risk of bias or 1 to represent a low risk of bias. Studies that scored a total of 0 to 6 were classified as “high risk of
bias”, from 7 to 13 as “moderate risk of bias”, and from 14 to 20 as “low risk of bias”
Checklist

Studies
Wilson
et al.
[9]

Warne and
Warrington
[38]

Warne
et al.
[7]

Bellar and
Judge
[34]

Warne
et al.
[8]

Khowailed
et al.
[35]

Moore
et al.
[36]

Warne
et al.
[32]

Johnson
et al.
[11]

Ridge
et al.
[24]

Ridge
et al.
[25]

Is the hypothesis/aim/objective of the study
clearly described?

1

1

1

1

1

1

1

1

1

1

1

Are the main outcomes to be measured
clearly described in the Introduction or
Methods section?

1

1

1

1

1

1

1

1

1

1

1

Are the characteristics of the participants
included in the study clearly described?

1

1

1

1

1

1

1

1

1

1

1

Are the interventions of interest clearly described?

1

1

1

1

1

1

1

1

1

1

1

Are the distributions of principal
confounders in each group of subjects
to be compared clearly described?

0

0

0

0

0

0

0

0

0

0

0

Are the main findings of the study clearly
described?

1

1

1

1

1

1

1

1

1

1

1

Does the study provide estimates of the
random variability in the data for the
main outcomes?

1

1

1

1

1

1

1

1

1

1

1

Have all important adverse events that may be a
consequence of the intervention been reported?

1

0

1

0

1

0

0

1

1

1

1

Have actual probability values been reported?

1

1

1

1

1

1

1

1

0

1

1

Were the subjects asked to participate in the
study representative of the entire population
from which they were recruited?

0

0

0

0

0

0

0

0

0

0

0

Were those subjects who were prepared to
participate representative of the entire population
from which they were recruited?

0

0

0

0

0

0

0

0

0

0

0

Was an attempt made to blind those measuring
the main outcomes of the intervention?

0

0

0

0

0

0

0

0

0

0

0

If any of the results of the study were based on
“Data dredging”, was this made clear?

1

1

1

1

1

1

1

1

1

1

1

Were the statistical tests used to assess
the main outcomes appropriate

1

1

1

1

1

1

1

1

1

1

1

Were the main outcome measures used
accurate (valid and reliable)?

1

1

1

1

1

1

1

1

1

1

1

Were the participants in different intervention
groups (trials and cohort studies) or were the
cases and controls (case-control studies) recruited
from the same population?

0

0

0

0

1

0

0

1

1

1

1

Were study subjects in different intervention
groups (trials and cohort studies) or were the
cases and controls (case-control studies) recruited
over the same period of time?

0

0

0

0

0

0

0

0

0

0

0

Were study subjects randomised to intervention
groups?

0

0

0

0

1

0

0

1

1

1

1

Was there adequate adjustment for confounding
in the analyses from which the main findings
were drawn?

0

0

0

0

0

0

0

0

1

0

0

Did the study have sufficient power to detect a
clinically important effect where the probability
value for a difference being due to chance is less
than 5%?

1

0

0

0

0

1

0

0

0

0

0

Total

12

10

11

10

13

11

10

13

13

13

13

Low-risk studies are highlighted in italics
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Table 2 Modified Downs and Black’s checklist results. The scale was composed of 20 items related to information reporting (items 1
to 9), external validity (items 10 and 11), internal validity (items 12 to 15), and selection bias (items 16 to 20). Each item was scored 0
to represent a high risk of bias or 1 to represent a low risk of bias. Studies that scored a total of 0 to 6 were classified as “high risk of
bias”, from 7 to 13 as “moderate risk of bias”, and from 14 to 20 as “low risk of bias” (Continued)
Checklist

Studies
Ryan
et al.
[31]

McCarthy
et al.
[28]

Miller
et al.
[29]

Joseph
et al.
[37]

Dubois
et al.
[30]

Campitelli
et al.
[26]

Azevedo
et al.
[39]

Chen
et al.
[27]

Fuller
et al.
[33]

Is the hypothesis/aim/objective of the study
clearly described?

1

1

1

1

1

1

1

1

1

Are the main outcomes to be measured
clearly described in the Introduction or
Methods section?

1

1

1

1

1

1

1

1

1

Are the characteristics of the participants
included in the study clearly described?

0

1

1

1

1

0

1

1

1

Are the interventions of interest clearly described?

1

1

1

1

1

1

0

0

1

Are the distributions of principal
confounders in each group of subjects
to be compared clearly described?

0

0

0

0

1

0

0

1

0

Are the main findings of the study clearly
described?

0

1

1

1

1

1

1

1

1

Does the study provide estimates of the
random variability in the data for the
main outcomes?

0

1

1

1

1

1

0

1

1

Have all important adverse events that may be a
consequence of the intervention been reported?

1

1

1

1

1

0

1

1

1

Have actual probability values been reported?

0

1

1

1

1

1

0

1

1

Were the subjects asked to participate in the
study representative of the entire population
from which they were recruited?

0

0

0

0

0

0

0

0

0

Were those subjects who were prepared to
participate representative of the entire population
from which they were recruited?

0

0

0

0

0

0

0

0

0

Was an attempt made to blind those measuring
the main outcomes of the intervention?

0

0

1

0

1

0

0

1

0

If any of the results of the study were based on
“Data dredging”, was this made clear?

1

1

1

1

1

1

1

1

1

Were the statistical tests used to assess
the main outcomes appropriate

1

1

1

1

1

1

0

1

1

Were the main outcome measures used
accurate (valid and reliable)?

1

1

1

1

1

1

1

1

1

Were the participants in different intervention
groups (trials and cohort studies) or were the
cases and controls (case-control studies) recruited
from the same population?

1

1

1

0

1

1

1

1

1

Were study subjects in different intervention
groups (trials and cohort studies) or were the
cases and controls (case-control studies) recruited
over the same period of time?

0

0

0

0

1

0

0

0

0

Were study subjects randomised to intervention
groups?

1

1

1

0

1

0

0

1

1

Was there adequate adjustment for confounding
in the analyses from which the main findings
were drawn?

0

0

0

0

0

0

0

0

0

Did the study have sufficient power to detect a
clinically important effect where the probability
value for a difference being due to chance is less
than 5%?

1

1

0

0

0

1

0

0

1

Total

10

14

14

11

16

11

8

14

14
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Running kinetics that are debated commonly in relation to injury development were examined in four studies. Only one of these studies included a separate
control or CRS group [8]; the remaining studies tested
all participants in all footwear conditions. Willson et al.
observed no statistical change in loading rate (< 7.0%)
during MFW running following a short 2-week transition [9]. In contrast, two studies observed significant reductions in a loading rate of 36.7 and 33.0% in the
MFW condition from pre- to post-transition [8, 35].
However, it is not clear if the reduction in loading rate
observed in Khowailed et al. [35] was a footwear effect
or a result of changes to stride characteristics after the
transition because runners were not assessed in the CRS
condition post-transition. In addition, Moore et al. [36]
reported decreases in average and instantaneous loading
rate of 9.3 and 48.1%, respectively, and a 25.7–72.5% reduction in peak pressure in the MFW condition after a
7-week transition period. Peak pressure tended to increase in the forefoot region in two studies with a 4week transition [7, 36] that was potentially related to the
adoption on a non-rearfoot strike.
Muscle or tendon properties were assessed by 5/20
studies [11, 26, 27, 29, 37]. Two studies reported abductor hallucis cross-sectional area significantly increased within the MFW group by 10.4% after 10 weeks
post-transition [11] and 18.8% after 24 weeks [26] but
no significant change in this muscle was observed after
12 weeks in another study [29]. Increases in foot musculature volume and arch conformation post-tests in other
MFW-transitioned groups were also supported by Chen
et al. [27]. In Chen et al. [27], increases in leg and foot
muscle volume was associated with compliance to the
MFW transition; the greater the compliance, the greater
the muscle volume increase. Comparisons between footwear conditions in some studies need to be interpreted
with caution, given the differences in muscle thickness
between groups at baseline and the potential differences
in running volume between groups [26]. Joseph et al.
[37] measured Achilles tendon cross-sectional area, material properties, and mechanical characteristics over the
course of a 24-week transition to MFW and found no
differences between time points for any of these variables. There is, therefore, limited evidence for increases
in foot muscle size, but no evidence for Achilles tendon
adaptations as a result of a transition to MFW.

Out of these ten remaining studies, five observed more injuries in the MFW vs. the CRS group [8, 24, 31–33], one
observed more injuries in the CRS group vs. the MFW
group [29], and four did not observe any difference in injuries between groups [26–28, 30]. Across these 12 studies, 35 related injuries were experienced in the 195 total
participants transitioning to MFW (17.9 injuries per
100 participants). Twenty-five related injuries were experienced in the 187 total control or CRS participants
(13.4 injuries per 100 participants). A chi-square test of
independence indicated no significant difference in injury risk between groups (p = 0.219; effect size phi (φ)=
0.06 (very small); power = 0.23; odds ratio for injury in
the MFW group = 1.174 [95% CI = 0.923 to 1.493]; odds
ratio for injury in the CRS group = 0.828 [95% CI =
0.602 to 1.139]). However, an overall comparison between the MFW and CRS groups is limited, given 5/12
studies that reported injuries did not include a control
or CRS group [7, 9, 36, 37, 39]. In addition, several
studies did not report the specific injury and, therefore,
analysis of injury type was not possible. Therefore, conflicting evidence exists for differences in injury when
running in CRS vs. transitioning to MFW.
Two studies [11, 24] assessing bone marrow oedema
reported numerous injuries in the MFW group; however,
these were reported as asymptomatic (no missed training) and so should be interpreted with caution. The
asymptomatic injuries were not included in the injury
analysis of this study. In the study for which injury rate
was examined as the primary outcome variable, no significant difference in injury was observed during a 12week 10k training programme between MFW (seven
injuries) and CRS (four injuries) groups [31]. However,
the exact statistics for this difference were not supplied.
Greater knee and calf pain was associated with MFW
after a 6-month transition, especially when running volume was greater than 35 km/week. Compared with the
CRS group, the MFW group had a greater risk of injury
development if body mass was above 71.4 kg (hazard
ratio = 2.00; 95% CI = 1.10–3.66) [33]. Greater incidence
of calf pain in the MFW was also reported after a 12week transition [31].
The rate of attrition ranged from 0 to 59% over the 19/
20 studies that reported dropout data. The calculated
average across all studies that reported dropout was 16 ±
13%, including those that reported no attrition (4/20).

Injury and Attrition

Discussion
The purpose of this review was to systematically examine the literature that has implemented a transition to
MFW, in order to compare the methods of transitioning
and the outcomes of a MFW transition. The main findings included a large variation in the methods
employed to transition participants to MFW. Some

Three studies did not report any injury information
[35, 36, 41]. Twelve out of twenty studies compared
the number of injuries sustained during the transition
period between MFW and CRS groups; however, three
studies [11, 24, 25] reported the same participants and,
therefore, only the earliest publication is included here.
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potential benefits of this transition were observed in
some but not all studies. In particular, we observed limited evidence for an increase in the muscle crosssectional area of the foot, limited evidence for an
improved running economy, and limited evidence for a
reduction in loading rate. However, elevated loading rate,
bone marrow oedema, and plantar forces in the early
stages of the transition should lead to caution in the exposure to MFW, initially. The directions of the findings,
however, were not consistent between studies. For example, some studies found an improvement in running
economy in MFW after the transition [25, 34, 38]
whereas another found no difference [32]; average loading rate decreased in MFW after the transition in some
studies [8, 36] but not others [9] or an increase in instantaneous loading rate was found [36]; and mixed
results were found regarding the injury rates experienced
in MFW during the transition period. Methods and
length of transition period, inclusion of exercises and/or
gait retraining, and other methodologies may explain
these differences in findings between studies. In
addition, the quality index assessment identified only 5/
20 studies being a high level and low risk of bias, and
therefore, future studies should attempt to conduct more
stringent research in this area.

Methods of Transitioning to MFW

The studies included in this review used a wide range of
strategies for transitioning to MFW, which makes it difficult to suggest a method that should be adopted in
practice. Most studies began the transition with a period
of walking and/or fewer than 10 min of running in
MFW for at least the first week whereas only a few studies prescribed a higher initial exposure to MFW. There
does not appear to be a clear relationship between transition method and study outcome or injury rate. There
is likely an interaction between several factors, such as
running experience, initial exposure to MFW, and length
of transition period. Various transition durations or different exposure methods have not been compared within
any studies to date, and this therefore represents a future
potential research avenue.
It is unclear if the protocols of the reviewed studies resulted in a full or complete transition to MFW. Only a
few studies required at least one running session to be
completed entirely in MFW by the end of the transition
period. A full transition (i.e. 100% of weekly running volume) to MFW was accomplished by three studies during
the last week of the transition [33, 34, 37] or not specifically stated in other studies. It is possible that running
in both MFW and CRS causes motor interference that
prevents a true MFW-adapted gait pattern from emerging. Therefore, more research is needed to distinguish
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whether the altered gait resulting from MFW transition
is a temporary performance of an observable behaviour
or a permanent, learned motor skill.
To determine when someone is fully transitioned to
MFW is entirely problematic, and therefore, a clear timeline cannot be established based on the current literature.
Willson et al. suggested that a 2-week intervention is not
likely to result in a natural conversion in foot strike pattern [9]. Giandolini et al. observed that at least a 1-month
intervention is required to adopt a new kinematic pattern
in response to MFW; however, these authors also observed a regression back to pre-intervention gait mechanics after 2 months [42]. The transition timeline is,
certainly, an individual response that cannot and should
not be universalised from a cross-sectional study. What is
the operational variable that should be used to define if
someone is fully transitioned? Should establishment of an
appropriate timeline consider bone oedema reduction,
running economy plateaus, plateaus in loading factors, or
a subjective means of comfort/pain in MFW? These are
all important factors that together determine the reasons
for changing footwear initially, but given the individual
responses to all factors, as well as the difficulty in combining all factors in the determination of being transitioned
to MFW, we may have to accept that no clear timeline
can be established using a single scientific method. With
regard to recommendations for the duration of a transition to MFW that should be used in clinical and scientific
practice, we suggest that a transition period of no less than
4–8 weeks should be used because of general muscular
adaptation to training, taking this period of time [43].
The exposure to MFW was also extremely varied
across included studies. There are three factors that
should be considered in this regard: (1) the initial exposure, (2) the increase in exposure each week, and (3)
the desired amount of total running volume in MFW
by the end of the transition. Importantly, several of the
included studies [7, 28, 32, 35, 38] implemented a
period of preparation before this initial exposure, and
this has also been recommended in the previous literature [44–46]. Given the dramatic change in the demand
of the foot structure and musculature with MFW use, a
period of preparation could include some light walking
and every day, non-uniform loading whilst wearing
MFW or going barefoot may be of benefit before any
running activity is begun [44–46]. In addition, foot
muscle size may be important for transitioning safely
[11]. However, there are currently no studies that have
evaluated whether this preparatory phase has any influence on overall injury incidence compared with a group
that does not undergo a preparatory phase. As with
many components of any novel transition requiring a
new or different neuromuscular control pattern and altered loading, many practices are based on common
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sense moreso than evidence-based practice and should
be interpreted with caution.
The initial running exposure to MFW varied in the literature from 0 to 24% of typical running volume in the
first week. Whilst the “10-percent” rule of increasing
training volume to prevent injury has recently been
debunked [47], a safe amount to increase the specific exposure to MFW per week has yet to be determined because differences in transition programmes have not
been compared between groups within the same study.
The 5% guidelines presented by Fuller et al. [33] appear
to be an appropriate start point in this regard for increasing MFW exposure. In addition, the total amount
of running volume to be completed in participant’s regular running shoes whilst making this transition should
be considered, as it is important that runners maintain a
normal volume of running training to maintain cardiorespiratory fitness. This notion is reflected in the literature,
where 14/20 included studies allowed participants to
complete their typical total weekly training volume by
increasing the percentage of this training per week in
MFW and decreasing the percentage of training performed in CRS. However, given what has been observed
with increases in bone marrow oedema when running
initially in MFW, we suggest that the initial overall running volume is decreased in the region of 10–20% in the
first 2 weeks (Fig. 2), in order to reduce the risk of this
bony injury from unfamiliar repetitive loading. This suggestion is based on consistent evidence that training volume is related to running injury risk [48, 49].
Almost all of the authors dictated a gradual increase
in exposure to MFW each week throughout the
programme; however, three studies based on the same
cohort [11, 24, 25] only controlled exposure for the
first 3 weeks before allowing participants to increase
MFW volume to whatever amount they saw fit. Interestingly, these studies reported consistent injuries and high
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rates of bone marrow oedema when compared to the
remaining literature, and suggested a careful progression
to MFW should be prescribed at all times. Two studies,
which were not included in the review due to a lack of
specific prescribed transition protocol, also reported
higher rates of injuries (i.e. 86–90%) [50, 51] than studies
implementing a specific transitioning protocol that were
included in this review. There were two methods of prescribing exposure to MFW in the reviewed studies: an
absolute value (e.g. 10 min per day) or a relative value (e.g.
10% per day). As can be observed from Fig. 3, there can
be issues with regard to over-exposure and increasing injury risk when incorporating only one prescription
method. Therefore, we suggest a hybrid approach—e.g.
“10% of your daily running volume, up to a maximum of
10minutes”—that is increased by 5–10% per week. One
important point is that a minimum of 4 min during any
run has been suggested to optimise the foot-surface
interaction [52], and so initial increases should be no
less than this duration. A suggested initial transition
schedule for runners is presented in Fig. 2; however,
further research is needed to determine if the initial
transition schedule should be tailored for runners of
different experience levels.
The increase of exposure during the course of the
transition to MFW is critically important. The surveyed
literature has used progressive exposure programmes.
However, this exposure of MFW is not individually prescribed and, therefore, does not take into account individual risk factors for injury. A potential future method of
prescribing MFW should take into account a number of
known risk factors (such as those presented in Table 3)
before determining the initial and overall exposure. For
example, females have been found to be at greater risk of
experiencing bone marrow oedema when transitioning to
MFW [11] than males and males with a body mass greater
than 85.7 kg have a greater risk of developing a transition

Fig. 2 A simple example of how one might structure the initial stages of a MFW transition. Note that it is not intended that a MFW transition
takes place over just 4 weeks
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Fig. 3 An example of the two common prescription methods for MFW exposure (distance vs. time). On the left, it is apparent that athletes running a
high training volume (100 km/week) would require a full 20 km of running in MFW to meet the criteria which would present a possibly dangerous
exposure. On the right, however, an athlete running just 10 km/week would find themselves running almost entirely in MFW if asked to run 20 min in
this footwear, which might also be dangerous, given their low running exposure initially. Therefore, a mixed method is suggested

Table 3 A list of possible risk factors for injury in runners.
Evidence is only from systematic reviews and meta-analysis and
does not include weak/limited evidence
Source

Risk factors for injury

Zadpoor and Nikooyan [92]

Higher loading rate

van Mechelen [59]

Running inexperience
Previous injury
Running to compete
Excessive distance/week

Tonoli et al. [93]

Younger
Previous injury
Less running experience

Van Gent et al. [49]

High mileage
Previous injuries (BUT this was a
protective factor for knee injuries)

Yeung and Yeung [94]

High mileage
High frequency of training
High distance

Chuter and Janse de Jonge [95]

Excessive foot eversion (but may be a
protective factor for stress fractures)
Poor “core” stabilisation

Murphy et al. [96]

Regular competition
Running on artificial turf
Previous injury
Specific to stress fractures
Pes cavus
Excessive foot inversion
Decreased bone mineral density

van der Worp et al. [97]

History of previous injury
Having used orthotics/inserts

Hulme et al. [98]

injury [33]. Therefore, females and heavy males should
perhaps consider a more conservative programme. Using
a screening protocol to determine high-, moderate-, or
low-risk participants, clinicians may be able to individually
prescribe the exposure to MFW. This theory requires further investigation.
The final question with regard to exposure to MFW is
how much should participants be running in MFW at
the end of the intended transition programme? Do we
really need to be running 100% in MFW? Of the studies
in this review, very few specifically reported or prescribed that participants ran 100% in MFW by the end
of the transition. There is evidence that running in multiple different pairs of shoes can reduce injury risk [53],
most likely due to variations in repetitive stress as a result of changes in shoe cushioning properties as well as
biomechanical variations in the running gait [54–58].
The same concept applies to a variation of the running
surface (of which only three studies have prescribed
[7, 8, 32]); a constantly changing underfoot environment
will reduce the risk of repetitive loading on the same
structures, and variability has been suggested to potentially reduce the risk of injury [54–58]. In addition, there
is no evidence that surface hardness is linked to increased
injury in runners and, therefore, hard surfaces should not
necessarily be avoided [59]. Therefore, if running in MFW
is desired either by the patient or prescribed by a clinician,
it is suggested that some proportion of running takes
place in different footwear classifications, or even a proportion of entirely barefoot, and on numerous different
surfaces. By developing the ability to deal with multiple
stressors in a variety of environments, we may be able to
develop more resilient runners and combat the dramatic
injury rates seen today [60, 61].

History of previous injury
Irregular and/or absent menstruation
in females = stress fracture risk

Injury Prevention Exercises

It has been suggested by some authors that a barefoot or
MFW transition should include injury prevention exercises [12, 13]; however, only 8/20 studies in this review
included this element. It is understandable that research
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scientists attempt to control for confounding factors and
therefore do not include injury prevention exercises as
they may be responsible for some changes to the
dependent variable. However, the applied sciences
should consider examining the combination of injury
prevention exercises and a MFW transition to a greater
extent, since their inclusion better reflects real-world
practice and may also play a role in offsetting the potentially high injury risk of this transition. Indeed, foot
muscle size has been found to be important for transitioning safely [11], and the use of a foot “doming” exercise was also found to increase foot muscle size [62]. In
addition, a structured exercise programme can potentially reduce injury in runners [63–65], although the
direct effect of the inclusion of injury prevention exercises in a MFW transition has not yet been examined
with regard to injury risk. This programme should not
only increase neuromuscular conditioning but should
also prepare for and combat the increase in delayedonset muscle soreness and tightness that is consistently
observed in the initial stages of MFW use [9, 31, 66, 67].
Suggested exercises have been included in Table 4.
Gait Retraining

The inclusion of gait retraining was observed in 7/20 of
the final studies in this review. The reason for including
this component was debated in Warne et al. [8]. In
short, the many runners choosing to use MFW do so in
the hope of reduced injury or improved performance
largely in the form of changes to running mechanics (to
a more “barefoot” style). Since many runners have been
observed to retain a typically “shod” running style even
in MFW [7–9, 32, 38], these runners may benefit from
the inclusion of some simple gait retraining. For example, a rearfoot strike in minimalist results in significantly higher loading variables [9, 68, 69].
Common gait-retraining instructions in the literature
include adopting a non-rearfoot strike [6, 66, 70–72], increasing cadence [73–75], and using gait-retraining
packages such as “Pose” [76–78] or “Chi” running [76].
Again, including gait retraining to adopt these characteristics may apply moreso to applied science where the
combination of MFW use and simple gait retraining is
commonly observed in the real world, as opposed to
controlled research science where confounding factors
may reduce the ability to differentiate one effect from
the other.
The above gait changes are commonly desired by the
participant because they have been related to a reduction
in factors related to injury [15, 66, 70, 73, 74, 78, 79];
thus, their inclusion may be recommended for clinical
practice. The effect of adopting a non-rearfoot strike
pattern during a MFW transition has not been investigated specifically with respect to reducing injury
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incidence. If gait retraining is adopted by clinical practice, it is important that the prescription follows motor
learning principles both for uptake and retention. This
includes limiting the amount of cues, giving clear verbal and visual instruction, and providing interpretable
visualisation queues [80]. Simple suggestions for gait
retraining have been presented in Table 5. It should be
noted that the authors acknowledge the benefit of the
use of augmented or biofeedback practice for the enhanced retention of gait retraining (e.g. [81, 82]); however, this service and technology is not accessible to the
vast majority or runners, hence simple universal guidelines being presented here. Finally, if the prescription of
MFW is implemented for improvements to running
economy, please note that gait retraining has been
found to have no effect, or even worsen running economy both with and without the use of MFW in the literature [32, 78, 83–86].
Study Outcomes

The body of evidence suggests limited evidence for positive benefits of transitioning into MFW for running
economy. It appears that kinetic loading factors such as
the loading rate are potentially reduced with exposure to
MFW between pre- and post-tests but not compared
with CRS [8, 35, 36]; therefore, higher initial loading rate
and plantar pressures may increase injury in this footwear condition in the early stages [8, 36]. This hypothesis requires further investigation as there is currently
no high-level evidence of increased injuries in this
period. There also appears to be limited evidence of increases in muscle cross-sectional area and muscle volume in the literature examining a transition to MFW
[11, 27, 29]. However, direct links between these changes
in muscle volume and injury risk remain to be
determined.
Injury Rate

The injury risk when transitioning to MFW has been
suggested to be increased during the initial period of
change [7–9, 11, 24]. In particular, metatarsal stress fractures in MFW have been reported in the studies in this
review, as well as in several case studies on the topic
[87, 88]. However, longitudinal prospective studies
examining injury incidence comparing habitual CRS and
MFW runners, as well as those during the transition
period, are lacking. Only one prospective study has compared injury incidence between habitually shod and habitually barefoot/MFW runners [89] and observed no
difference in injury risk after controlling for mileage.
Interestingly, this study claimed that most runners in
the barefoot/MFW group had only been running in this
footwear type for a reasonably short period of time
(1.65 ± 1.32 years), and therefore, many may still be
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Table 4 Simple injury prevention exercises suggested for a minimal footwear transition. Note that these exercises require systematic
evidence for their role in reducing injury risk. Exercises should be included several times a week, and the dynamic exercises should
only be included after a minimum of 2 weeks due to the increased load and plyometric nature of these exercises. Sets/reps should
be decided upon by a trained professional in line with the FITT-VP principles (frequency, intensity, time, type, volume, progression)

considered transitioning participants. Although this
paper was an important contribution to the literature, it
was a survey study and, thus, the potential of recall bias
may have been a factor in the results. Two studies included in this review identified no differences in injury
between the CRS and MFW groups following training

for a 10k race over 12 weeks in recreational runners [31]
or following a 6-month training period in more experienced runners [33]. However, a risk of injury when transitioning to MFW may be increased in heavier runners
[33]. The difference in time running in MFW vs. CRS
has not been accounted for in the present review, but
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Table 5 Simple gait retraining queues suggested for a minimal footwear transition
Gait retraining change

Visual/feedback queue

Evidence for effect

Adopt a non-rearfoot strike patterna

“Imagine you are running on sharp, hot stones”

[6, 15, 66, 70, 72]

Increase stride frequency (10%)

Use of a metronome

[57, 73, 74]

Land more quietly

“Imagine running whilst sneaking up on someone”

[67]

a

Note that adopting a non-rearfoot strike can increase ankle work [99–101]

the injury results support the previous research in which
injuries between the MFW transitioning group and the
control/CRS group was not significantly different although the statistical power of this analysis was low.
Therefore, unless high-level evidence emerges, we have
no reason to believe that the injury rates are any higher
either during a transition to MFW or habitually wearing
MFW when compared to running in CRS. There may be
specific differences in injury trends amongst groups,
such as increased foot injuries in the MFW group [89],
but not in the rate of injury.
Future Recommendations

Future recommendations for research on the transition
to MFW could benefit from some observations of this
review. Specifically, the use of a logbook to document
the rate of adherence to both the MFW exposure as well
as other components such as gait retraining and injury
prevention exercises is warranted. Only 14/20 studies
included this log, and therefore, information on participant compliance with the schedule is often absent. Secondly, attempts to isolate key confounding factors
should be made by using control groups running in their
own CRS, rather than a new CRS for which they may
not be accustomed, alongside the transitioning groups.
In this regard, the inclusion of extra elements such as
gait retraining and exercises can be examined in isolation, something that has not yet been examined in the
transitional literature. Using an unbalanced gender
cohort is not recommended, given the observations of
differences in running mechanics and potential differences in injury risks between males and females [11, 90].
Clearly reporting the injury and dropout rate in both the
intervention and control groups is essential, as well as
reporting the gender of the injury, for gender difference
analysis. Finally, researchers can expect an attrition rate
of ~ 16% when planning initial sample sizes.

Conclusion
Twenty studies have been presented examining the transition to MFW. Whilst the duration and inclusion of exercises and gait retraining was varied, almost all studies
implemented a careful progression of exposure to MFW
over time. The main outcomes of this transition included
limited evidence of benefits of running in MFW for running economy, and muscle development. However, caution

is advised with regard to bony injury risk in the initial
period, with higher loading rates and plantar pressures
observed. Despite the suggested dangers of making this
transition, the injury incidence comparing the MFW transition participants to control participants appears equivocal.
Finally, several important recommendations for clinical
practice and future research have been presented. It is
hoped that this paper will present important first steps in
unifying the process of transitioning to MFW, both for
academic and clinical use.
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