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ABSTRACT
Background and objectives: Running has gone from a vital necessity for the man to a playful
sport. Different rheumatic and orthopedic pathologies have appeared, in front of which the shoe
industry has reacted by creating reinforced shoes that are supposed to overcome the induced
lesions. Several years later, the trend toward reinforcement has gone toward minimalism, which
is the absence of reinforcement, that is, a more natural race. Method: We observed variations
of kinetics and kinematics in young, unprofessional, healthy runners during a shoe race and
a shoeless race, which is the form of maximum minimalism. We then correlated minimalism
variations with the variables of the race and the joint angles. Results: We observed significant
difference (P < 0.01) in the cycle rate, the cycle length, the step rate, and the angle of attack
between running with and without shoes. A small variation of the minimalism index is associated
with an increase in knee angle (r² > 0.5). Conversely, a large variation in the minimalism index
is related to a decrease in the knee angle (r² > 0.5). The minimalism index has no impact on
the angulation of the ankle and hip (r² < 0.3). Conclusion: Slow transition will bring gains in
terms of decreasing the length of the stride, which limits the load on the shin. Greater flexibility
can be achieved by decreasing the flexion angle of the knee, which decreases the demand for
quadriceps muscles and the risk of knee injury with a greater risk of injury at the tibial level.
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INTRODUCTION
The human being practices the barefoot
running for millennia. For the past 30,000
years, people have covered their feet to
protect them from the ground that can
cause direct wounds.[1] Running, which was
originally a natural means of locomotion,
has gradually become a recreational sport
that has gained popularity in the recent
years. This attractiveness for running
caused the emergence of new orthopedic
lesions with an estimated incidence between
19.4% and 79%.[2] To respond to this issue,
the shoe industry has developed various
technologies such as increased cushioning,
elevated heel and motion control and

stability technologies.[3] The rational was
that the support for the race had to be
identical to that of the march, that is, to say
by a heel foot strike.[4,5] Similarly, for a long
time, it was thought that it was necessary
to compensate the different types of foot
regarding anatomical aspect (pes planus,
normal foot, and pes cavus) and mechanical
issue (pronating, normal, or supinating
foot) as well.[3] All these measures have not
succeeded in reducing the rate of lesions
with a perverse effect on natural running
biomechanics, kinematics, kinetics, and
muscle activation pattern.[3] A “minimalist”
shoe, which promotes short strides and
midfoot/forefoot strike, has been proposed
to limit these injuries. The minimalist
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shoes, featuring a lower profile and a more flexible sole,
reduced heel compensation and a lack of motion control
technology. There is no need for biomechanical evidence to
support the ability to “barefoot” to interact with the natural
movement of the inferior member.[1] Several studies show
a lower prevalence of foot lesions,[6] an improvement in
the economy of stroke,[7] and a decrease in impact forces
on the joints.[8]
There is, however, a great disparity in the literature
regarding the beneficial effect of barefoot running. One
hypothesis advanced on this disparity was the lack of
uniformity when defining the minimalist shoe. In order to
overcome this problem, Esculier et al developed, following
a consensus of 42 international experts, the concept of
minimalism index expressed in percent. Characteristics
taken into account in this index were weight, flexibility,
heel to toe drop, stack height, and motion control/stability
devices. Zero percent is a maximalist shoes and 100% is
barefoot. The same authors provided recommendations
on the transition from traditional footwear to minimalist
footwear. These recommendations are based on this
minimalist index by proposing to increase the minimalism
index by 10% every month.[3]
All authors emphasized the lack of studies concerning
changes in race biomechanics correlated with the difference
in the degree of “minimalism” between shoes previously
used and those tested.[8-10]
We propose to measure the impact of acute minimal
index variation on the biomechanics of stroke and discuss
the potential risks of orthopedic injury caused by these
variations (Table 1).

MATERIAL AND METHOD
Subjects
Participants were aged 18 years or more. All subjects had
to be a regular runner with a maximum distance of 10 km
per session, minimum 1 race session per week. Runners
with a history of pathology of the lower limb or spine
(traumatic, neurological, and/or rheumatic), with injury or
had surgery of the lower limb within 6 months of the start
of the experiment, or with against medical indications to
the practice of sport or running were excluded.

Experimental protocol
The subjects do their shopping on a treadmill (brand
Powerjog ®) with a mark of joint anatomical landmarks
on the skin of participants and undergarments. A slope
of 1%, corresponding to flat land, was chosen arbitrarily.
Each participant will have to complete three races of 5 min
punctuated by 3 min of passive recovery.
•	Race 1: Warm-up: The participant runs his or her first
5-min run at his or her own pace with his or her own
shoes to determine the speed that corresponds to his
or her usual jogging pace. The speed is determined by
the first run using the Borg scale or “effort perception
measure.” The Borg score should be between a low
effort (2/10) and moderate (3/10) and could not exceed
a difficult effort (5/10). The speed was chosen to
correspond to the usual training speed of the runner.
•	R ace 2: 5-min race with own shoes at the speed
determined during the race 1.
•	Race 3: 5-min run without shoes at the speed determined
during race 1.
Variables measured
-A
 nthropometric data (sex, age, height, and weight) will
be requested before the session. The weekly distance
traveled, the minimalist index of the shoe (in percentage),
and the weight of the shoe were included.
- Spatiotemporal variables: race cycle (interval of time and
space between two successive identical positions, one
cycle corresponds to two steps, or successive strides; cm
and sec), step length (cm), stride length (cm), step rate
(step/min), and ground contact time (sec)
-F
 oot–ground interaction: first at the heel, mid-plantar,
or on the forefoot.
- Kinematic variables: foot separation in the frontal plane
(cm), flexo-extension angles of the lower hip level, knee,
and ankle (degrees). Everything is measured during the
support phase only.
Collection of biomechanical data is made using GoPro®
Hero 5 (GoPro Inc., USA) video surveys in sagittal plane and

Table 1: Type of injury according to type of footwear (adapted from Murphy et al.[11])
Injury type

Barefoot running

Shod running

Patellofemoral pain syndrome
Tibial stress syndrome
Plantar fasciitis
Metatarsal stress fracture
Puncture wounds/infection

Forefoot strike
Lower risk
Possible lower risk
Possible higher risk
Higher risk
Higher risk

Heel foot strike
Higher risk
Possible higher risk
Inconclusive
Lower risk
Lower risk
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posterior frontal plane. Biomechanical analysis is performed
using the Kinovea® program (Kinovea.org, France).

they had a great variability in the minimalist index of their
shoes (minimum, 4%; maximum, 62%; median, 20%).

Statistical analysis
The results were collected and prepared manually on an
excel spreadsheet, and statistical analysis was carried out
using the program Prism 6, GraphPad (GraphPad Software,
La Jolla, California, USA). A Kolmogorov–Smirnov test
allowed us to evaluate the parametric and non-parametric
data. For the parametric data, we used a Student t-test to
compare the 2 subpopulations. For non-parametric data, a
Wilcoxon test was used. Patients were grouped according
to the minimalist index variation concentration between
their shoes and barefoot, and each group was stratified
into quintiles. Linear and nonlinear regression models were
estimated to look at the trend in kinetic and kinematic
variable. Statistical significance was defined as P < 0.05.

When we compare the measurements made during the race
with shoes with those made during the race without shoes,
there is a significant difference (P<0.01) in the cycle rate,
the cycle length, the step rate, and angle of attack. During
the race with shoes, we also observe a more frequent heel
strike (22/26), which decreases by half (11 + 26) in favor
of a midfoot or a forefoot strike during the race without
shoes. The runner who was initially in midfoot or in
forefoot strike stayed with the same strike (Table 3). The
runners who had a forefoot strike with their shoes were
the most trained, that is, with the highest weekly training
distance (50, 70, and 80 km/wk).
A slight decrease in the minimalism index is associated
with a greater decrease in the length (Figure 1a) and the
duration of the stride (Figure 1b) and a longer contact time
(Figure 1c) than a runner, which significantly decreases its
index of minimalism (r²> 0.5). The rate of step (Figure 1d)
and the angle of attack (Figure 1e) are not correlated with
the minimalism index variation (r² <0.5). Conversely, a large
variation in the minimal index results in a smaller decrease
in the cycle length, a greater decrease in cycle time, and a
shorter contact time.

RESULTS
We included 26 participants aged 21.7 ± 2.7 years. They
were all students of a school of kinesitherapy in Brussels
and regularly practiced running with an average running
distance of 22.4 ± 18.70 km/wk. Their anthropometric
characteristics are fairly homogeneous with a small standard
deviation for age, weight, and height (Table 2). However,
Table 2: Anthropometric characteristics
N = 26
Age (years)
Weight (kg)
Height (cm)
Minimalist index (%)
Weight of shoes (g)
Sex ratio
Distance of training (km/week)

Variables
21.70 ± 2.7
62.18 ± 11.62
171.40 ± 11.69
20 (4 - 62)
286.00 ± 50.38
½
22.40 ± 18.70

Table 3: Difference between the race with shoes and without shoes with a significant difference in cycle rate, cycle
length, step rate, and attack angle
Shoes
Stride rate (s)
Stride length (cm)
step rate (step/min)
ground contact time (s)
Angle of attack
Attack
Heel
Mid
Fore

0.768 ± 0.040
1.850 ± 0.390
161.400 ± 8.50
0.320 ± 0.05
9.110 ± 7.15
22/26
1/26
3/26

No shoes
0.751 ± 0.040
1.380 ± 0.290
167.700 ± 9.76
0.310 ± 0.05
1.73 ± 8.54

Variation (%)

P

−2.270
−24.880
+3.91
−0.44
−36.97

0.0004
<0.0001
<0.0001
0.13
<0.0001

11/26
8/26
7/26

Table 4: Variation of joint angle following the type of race (with and without shoes)
Hip
Knee
Ankle
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Shoes
31.35 ± 8.9
11.46 ± 4.82
9 (−14 to 20.0)

No shoes
29.96 ± 8.43
12.46 ± 5.16
4.0 (−20 to 12)

Variation (%)
−3.71 ± 10.56
12.34 ± 36.47
−46 (−322 to +550)

P
0.048
0.056
<0.0001
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Figure 1a: Correlation between the minimalism index and the length of stride.

Figure 1c: Correlation between the minimalism index and the ground contact.

Figure 1b: Correlation between the minimalism index and the duration of stride.

Figure 1d: Correlation between the minimalism index and the rate of step.

When comparing the hip, knee, and ankle angles between
running with a shoe and running without a shoe, there
is a decrease in hip flexion. The knee has greater flexion
without achieving statistical significance (P = 0.056) and
the ankle shows a decrease in dorsal flexion.
A slight decrease in the minimalism index is associated with
an increase in knee angle (r² > 0.5; Figure 2a). Conversely,
a large variation in the minimalism index is related to
a decrease in the knee angle (r² > 0.5; Figure 2b). The
minimalism index has no impact on the angulation of the
ankle and hip (r² < 0.3; Figure 2c).

DISCUSSION

Figure 1e: Correlation between the minimalism index and the angle of attack.

Several researches have shown that reducing training
distances is a way of reducing the risk of injury. The risk
of running injuries is related to the distance of the week
round.[11-15] Increasing frequency, duration, and intensity of
stroke are risk factors for stress fracture.[16] Unfortunately,
endurance runners are unable or unwilling to reduce their
training distance. Attention was then paid to the correction
of anatomical variables using reinforced shoes.[1] However,
the use of modified shoes did not produce an effect in

terms of reducing the lesion rate. The prescription of
“pronation control, elevated heel” was not based on any
evidence demonstrated in the literature with additional
added injury.[17] When comparing the prescription of
running shoes adapted to the plantar shape versus standard
shoes, there is no significant difference in terms of lesion
rate.[18,19] Following this, a style of race called “barefoot
style” characterized by short stride, light steps, and footwear
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decrease in the peak tibial contact force result. However,
the concomitant increase in frequency may be accompanied
by an increase in metabolic cost and induce an earlier onset
of fatigue. [22] The state of muscle fatigue increases bone
strains and may be a major factor in the etiology of stress
fracture. [23] Under 10% of variation, it has been shown
that there is no change in energy demand related to the
concomitant increase in frequency over the same distance.[24]
Runners who want to reduce their risk of fracture can do
so by reducing 10% of their length stride.[21]

Figure 2a: Correlation between the minimalism index and the hip angle variation.

Figure 2b: Correlation between the minimalism index and the knee angle variation.

Concerning stride rate, a 10–20% increase substantially
reduces joint loading that provides a beneficial in reducing
the risk of developing a running-related injury.[25-28] Beyond
15% to 20% increase, a change appears in the foot, which
can explain the effect on the discharge of charge that the
frequency itself.[22] This is also why we chose to work at
constant speed, on the one hand, to stay in the conditions
of reality of each participant and then not to induce
changes in the pattern of the race by an exaggerated
increase in the stride rate that does not match the natural
race runners.
We observe a significant difference in the angle of attack.
We also observe a more frequent heel strike (22/26) in
race with shoes that decreases by half (11 + 26) in favor
of a midfoot or a forefoot strike during the race without
shoes. It has been shown that runners in a first trial
of minimalist footwear who adopted a forefoot strike
decreased their loading rate (hashish biomechanics) by
41%. With a midfoot or a forefoot strike, they are able
to disperse impact force more efficiently. This could be a
result of a dense collection of plantar mechanoreceptors
that “feel the ground.”[1] A recent meta-analysis reported a
significant relationship between vertical load rates and tibial
stress fracture in heel strike runner.[29] Conversely, forefoot
runner has a lower vertical load rates.[30]
A perverse effect of the strike change is that the runners
experiment a series of microtraumas repeated at their
metatarsals leading to stress fractures and fractures of the
plantar fascia (Table 1).We confirm the preliminary data
of Murphy.[11]

Figure 2c: Correlation between the minimalism index and the knee angle variation.

with minimal protection and maximum flexibility appeared
in the runners.[20]
We observed a significant decrease in stride length and
a significant increase in stride frequency related to the
constant speed of the experiment. Shock attenuation
has been shown to be correlated with the stride length
(r = 0.70) more than the stride rate (r = 0.40) (Mercer).[21]
A 10% reduction in stride length results in a corresponding
192

The main influence of the barefoot on patellofemoral
junction (PFJ) is related to smaller knee flexion angle during
the stance phase of running, which decreases the demand
on the muscles of the quadriceps. It has been measured a
12% decrease in peak PFJ stress when comparing running
barefoot with shod running.[31]
There is a decrease in hip flexion. The trunk is projected
forward relative to the lower limbs, which facilitates the
race. The knee has a greater flexion without reaching the
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statistical significance (P = 0.056). More knee flexion
allows better shock wave absorption. The ankle presents a
decrease in dorsal flexion, which leads to a more forward
attack of the typical foot of the minimalist stride.
A slow transition brings a gain in terms of decreasing
the length of the stride, which limits the load on the
shin. We do not observe a correlation with the frequency
or angle of attack that could decrease the pressure on
the joints and the load on the tibia. A greater variation
of minimalism could bring a benefit by decreasing the
flexion angle of the knee, which decreases the demand on
quadriceps muscles but with a smaller decrease in cycle
length and an increase in the cycle time.
Limitations of the study
We conducted a study on a 5-min run, but lesions
appeared unpredictably for a period of 1–3 months. In
the Salzler study, 86% of participants reported an injury
after an average of 5 weeks (1–19 weeks) after the start
of the transition. Metatarsal head plus calf and arch pain
were the most common injuries.[32]

CONCLUSION
The benefit of minimalism is marked by a decrease
in stride length, an increase in the frequency without
exceeding 15%, and an improvement of the angles. A
slow transition brings a gain in terms of decreasing the
length of the stride, which limits the load on the shin.
Greater variation of minimalism could bring a benefit by
decreasing the flexion angle of the knee, which decreases
the demand on quadriceps muscles but with a smaller
decrease in cycle length and an increase in cycle time.
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