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ABSTRACT ARTICLE HISTORY
The aim of this study was to compare the foot-ankle joint mechanics Received 5 January 2024
of running drills and running. Seventeen long-distance runners per- Accepted 12 July 2024

formed five popular running drills (A-skip, B-skip, Bounding, Heel KEYWORDS
flicks, Straight leg running) and a run at 3.88 m/s. Kinematics, kinetics Multi-segment foot;
and power values were calculated for the ankle, midtarsal (MT) and kinematics; kinetics: EMG;
metatarsophalangeal (MP) joints. Electromyographic activity was athletics
recorded for the soleus, gastrocnemius medialis, lateralis and abduc-

tor hallucis muscle. The A-skip, the B-skip and the Heel flicks induced

a smaller ankle (p < 0.001, n? =0.41), MT (p < 0.001, n? = 0.43) and MP

(p < 0.001, n*=0.47) dorsiflexion peak than running. No difference

was found between the running drills and running for ankle, MT and

MP moment. The Bounding induces a higher positive ankle power

than running (diff: 5.5 £ 7.5 J/kg, p = 0.014, d = 1.05). The A-skip (diff:

2.8+2.9J/kg, p<0.001, d=1.5) and the B-skip (diff: 2.7 +2.1 J/kg,

p < 0.001, d =1.4) induce a smaller MT positive power than running.

This study offers an analysis of the mechanical behaviour of the foot-

ankle complex to help track and field coaches select their running

drills in an evidence-based manner.

Introduction

Plyometric training (PT) is particularly used by athletics coaches and can improve running
economy (Oxfeldt et al.,, 2019; Spurrs et al., 2003; Turner et al., 2003). These improvements
varied from 2% to 6%, according to the runner’s level and plyometric protocol. Pv (1984)
described the concept of the ‘stretch-shortening cycle’ which is a specific contraction mode
used during plyometric tasks and running. The stretch-shortening cycle corresponds to cyclic
contraction involving a lengthening movement (eccentric) quickly followed by a shortening
movement (concentric) (Komi, 1984). Moreover, PT has several benefits such as improving
neuromuscular coordination, higher levels of muscle activation, increased rates of force
development and increased ankle plantar flexor and toe flexor strength (Goldmann,
Potthast, et al., 2013; Goldmann, Sanno, et al., 2013; Oxfeldt et al., 2019).
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In the track and field, the most popular PT implemented by coaches is running drills
(Whelan et al., 2016). Running drill training is based on exercises that focus on the phases
of the running cycle (Azevedo et al., 2015). According to Whelan et al. (2016), the
running drills which are the most commonly used in the field are the ‘A-skip’, ‘Heel
flicks’, ‘Bounding’, ‘B-skip’, ‘Straight leg running’. Depending on their form, running
drills induce different levels of stress on the muscles that make up the ankle plantar flexor
group (Trowell et al., 2022). For instance, A-skip induces a lower plantar flexor load than
running. In contrast, Bounding induces a higher mechanical load for both plantar flexors
(Trowell et al., 2022). However, the study that highlighted these findings used
a simplified foot model composed of a single segment. The foot is a complex structure
composed of 26 small bones and 33 joints, resulting in high mobility (Leardini et al.,
2019). During the last decades, several research groups have used the latter approach to
model the foot according to a number of small segments rather that one single rigid
segment, generally referred to as multi-segment foot models (Deschamps et al., 2011;
Leardini et al., 2019). Multi-segment foot models involve positioning additional markers
compared to the simplified model to subdivide the foot into several segments (three to 26
segments) (Cornwall & McPoil, 1999; Oosterwaal et al., 2011). Modelling the foot as
a single rigid segment induces an over-estimation of the angular excursion and mechan-
ical power at the ankle joint during hopping (Kessler et al., 2020). Over-estimation of
ankle plantar flexor power requirements could lead to inaccurate estimates of the
activation and energetics of the plantar flexor muscle group (Kessler et al., 2020). In
addition, rigid-foot models do not consider the power generated within the foot. Several
studies have shown the importance of the role of the foot in athletic performance, such as
horizontal jump performance, the ability to change direction, the personal best in a 50 m
run (Goldmann, Sanno, et al., 2013; Hashimoto & Sakuraba, 2014; Yuasa et al., 2018) and
in the prevention of running-related injuries (Taddei et al., 2020). Therefore, the function
of the foot should be considered as a key component of an athlete’s lower limb.
Understanding foot mechanics during running drills could help athletic coaches improve
their exercise selection to develop foot function.

The aim of this study was to explore the mechanics of the foot-ankle complex during
running drills and distance running using a multi-segment foot model. The use of
a multi-segment foot model will help to understand the biomechanics within the foot
and reduce the risk of inaccurate estimation of the contribution of the plantar flexor
muscle group. The research objective is to compare kinematic, kinetic and energetic
values at the ankle and the foot from commonly used running drills to distance running
at endurance speed. Based on the study of Trowell et al. (2022), it is hypothesised that
Bounding will induce higher foot and ankle power than running whereas the A-skip and
B-skip will induce less than distance running.

Materials and methods
Participants

An a priori power analysis revealed that a minimum of 16 participants are required for
this study (effect size f=0.274, a = 0.05, 1-p = 0.8), one group with six tasks (see the tasks
description section). Eligibility criteria included age between 18 and 35 years, running in
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an athletic club for at least 5 years and practise running drills every week. Participants
were recruited by convenience via local running clubs. This study was approved by the
local ethics committee (19/04/2022; protocol No. 2022/102). Before the beginning of the
study, each participant received a written document that explained the study and its
requirements. The document included information about the purpose of the study,
procedures involved, risks and benefits, confidentiality, and participant rights.
Participants were asked to sign the document as an indication of their willingness to
participate.

Experimental protocol

Muscle activation and biomechanical variables were collected on an indoor 30 m straight
running track. Participants performed, in barefoot condition, five running drills (Figure 1)
and a run at 3.88 m/s in random order: A-skip, B-skip, Bounding, heel flicks, straight leg
running, and running at 3.88 m/s (£5%). The barefoot condition was imposed on the
participants because the equipment installed on the foot did not allow them to wear
running footwear. A previous study showed that placing material directly on the running
footwear does not fully reflect the movement of the foot joint (Perrin et al., 2023).

Tasks description

The A-skip involved participants skipping forward on one leg, while the opposite knee
was driven upward by flexing the hip, knee, and ankle. The hip and knee then rapidly
extended towards the ground, while the ankle remained in a dorsiflexed position. The
skip action required knee lift in the swing leg to occur over two ground contact periods of
the stance leg. The B-skip is nearly identical to the A-skip, but requires first extending the
leg forward before the foot hits the ground. Bounding involved taking long, leaping
strides. The Heel flicks required flexion of the hip as much as during the A-skip and knee
flexion in order to hit the buttock with the heel. Finally, the Straight leg running (SLR)
involves running forward with the knee locked in extension. The participants were free to
use their arms during the running drills. Running was performed by each participant
with its self-selected technique. Given their performance level in running, a speed of 3.88
m/s was selected to ensure a sub-maximal running speed and, consequently,
a comfortable running technique. Five trials were collected for each single task (running
drills and running at 3.88 m/s). For the running task, the running speed was checked after
each trial by the experimenter by calculating the speed of the barycentre of the markers
placed on the pelvis. Participants received a feedback (‘run faster’ or ‘run slower’) after
each trial to reach a speed of 3.88 m/s (+5%) in five trials. A period of self-determined
recovery was allowed between the trials to minimise fatigue.

Kinematic

Kinematic data were measured using four optoelectronic units (Codamotion system;
Charnwood Dynamics; Rothley, UK) with a sampling rate of 200 Hz. Twenty-five active
markers were placed by a single-experimented physiotherapist specialised in foot bio-
mechanics on the following anatomical landmarks of the dominant lower limb: distal
phalange of the first toe, head of the first, second and fifth metatarsals, base of the first
and second metatarsals, posterior calcaneus, navicular tuberosity, and the cuboid bone
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Figure 1. Diagram of each running drills performed by the participant. (a) A-skip; (b) B-skip;
(c) Bounding; (d) Heel flicks; (e) Straight leg running (SLR).
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(Schwartz et al., 2020). Additional markers were placed on the medial and lateral
malleoli, medial and lateral femoral condyles, and the anterior and posterior iliac spines.
Clusters of four markers were attached to the lateral thigh and shank (Figure 2). The
ground reaction force (GRF) data were simultaneously captured using two consecutive
force plates (Kistler, Kistler Group, Switzerland) at a sample rate of 1000 Hz. The four
optoelectronic units were placed around the force plates to ensure a good visibility of the
markers while the participant is passing.

Electromyography
Surface electromyographic (EMG) signals were simultaneously collected with Trigno
Standard sensors (Delsys, Boston, MA, USA) using silver-contact wireless bipolar bar
electrodes with fixed 10 mm inter-electrode spacing. Electromyographic signals were
recorded on the two heads of the gastrocnemius muscle, the soleus and the abductor
hallucis. Electrode placement and skin preparation were performed based on the recom-
mendations of Barbero et al. (2012) and Branthwaite et al. (2019). Data were acquired at
a sample frequency of 1000 Hz.

Kinematic, kinetic and electromyographic devices were connected to a central control
unit (CodaHub, Charnwood Dynamics, UK), which ensure the synchronisation of all the
inputs.

N

Figure 2. (a) lllustration of a volunteer equipped with the active markers and the EMG electrodes on
the right lower limb. (b) Medial view of the foot after material placement. (c) Top view of the foot after
material placement.
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Data analysis

GRF data were filtered using a 50-Hz, zero-phase low-pass fourth-order Butterworth
filter as described in Takabayashi et al. (2021). The stance phase was defined between the
instant when the vertical GRF increased above 20 N and the instant when it fell below 20
N. All the biomechanics variables were analysed during the stance phase.

Visual 3D software (C-motion Inc., Germantown MD, USA) was used for biomecha-
nical modelling and analysis. A three-segment kinetic foot model was created, from
(Bruening et al., 2012a), containing a hindfoot, midfoot, and phalanges, separated by
midtarsal (MT) and metatarsophalangeal (MP) joints. The MT joint centre was posi-
tioned midway between the cuboid bone and navicular markers, and the MP joint centre
was positioned midway between the first and fifth metatarsal heads. The ankle and MT
joint motions were modelled with six degrees-of-freedom (DOF), whereas the MP joint
was modelled with two DOF.

Marker trajectories from the running drills and the running trials were low-pass
filtered using a zero-phase 4th order Butterworth filter (12 Hz cut-off) as described by
previous author (Leardini et al., 2021). The joint angles were derived using a typical
Cardan angle rotation sequence (1-sagittal, 2-frontal, 3-transverse) (Leardini et al., 2021).
Joint angles were expressed relatively to the individual static position (standing upright,
arms by their sides and looking forward). Ankle, MT and MP dorsiflexion and plantar-
flexion were defined as kinematic output measures. Concerning kinetics, inverse
dynamics were used to calculate the net internal moments and powers at each joint of
the foot and ankle (Bruening et al., 2012b). The net internal moments and powers were
normalised to body weight (BW) for each participant.

EMG signals were first band pass filtered (20-500 Hz, zero-phase 4th order
Butterworth filter) and then processed using a root mean-square filter (100 ms moving
window). The peak of the EMG signals was extracted for each task repetition. Then, the
median of the peaks of the EMG signals was kept as the EMG output measure. The EMG
signals were expressed in mV. The EMG signals were expressed in mV. The trials were
not included in the analysis when the participant’s foot did not land distinctly on one of
the two force plates.

The means of the kinematic and kinetic parameters of the included trials were
calculated for the analysis.

Statistical analysis

Statistical analyses were performed using JASP (version 0.17.3, 2023) (Van Doorn et al.,
2021). The results were significant at the 5% critical level (p < 0.05). Repeated measures
analysis of variance (ANOVA) were used to compare the peak of dorsiflexion and
plantarflexion, the range of motion, the moments, the positive and negative power of
the ankle, the MT and the MP joint across the six tasks (the five running drills and
running). If Mauchly’s test of sphericity indicated that the assumption of sphericity was
violated (p < 0.05), a Greenhouse-Geisser test was applied for sphericity correction. The
partial eta square was calculated as the measure of effect size defined as small (n* = 0.01),
medium (n* = 0.06) and strong (n%>=0.14) (Maher et al,, 2013). A post-hoc analysis was
performed with a Bonferroni’s correction. Repeated measures analysis of variance tests



SPORTS BIOMECHANICS (&) 7

were also used to compare the values of muscle activity of the medial and lateral heads of
the gastrocnemius, soleus and abductor hallucis between running drills and running. The
Cohens d effect of post-hoc analysis was calculated with effect sizes defined as small
(d = 0.2), medium (d = 0.5) and strong (d = 0.8) (Hopkins et al., 2009). As an indication,
the percentage of muscle activity of the medial and lateral heads of the gastrocnemius,
soleus and abductor hallucis relative to running were calculated for the running drills.

Results

Data were collected for 17 runners (15 males, 2 females, age = 26.6 + 5.6 years; mass =
67.5 £ 5.5 kg, height=1.77 £ 0.07 m, personal best in 10.000 metres race =35.1+4.4
minutes, volume per week = 52.8 + 22.4 km, experience in running = 9.6 * 4.1 years).
All mean, standard deviations, p-values and effect sizes for the ankle, MT and MP are
shown in Table 1 (kinematic data), Table 2 (kinetic data) and Table 3 (energetic data).

Ankle

Ankle plantar flexion peak was similar between the running drills and running (p = 0.40,
n”=0.58) whereas the ankle dorsiflexion peak (p <0.001, n>=0.41) and ankle ROM
(p < 0.001, 1]2 = 0.42) were different. For ankle dorsiflexion peak, post hoc tests showed
that the A-skip (difference (diff): 14.5+18.5°, p <0.001, d =1.5), the B-skip (diff:
134 + 19.3° p<0.001, d=1.4), the SLR (diff: 10.2+£16.3°, p=0.01, d=1.0) and the
Heel flicks (diff: 13.4 +17.7°, p<0.001, d = 1.4) induced smaller values than running.
However, only the A-skip (diff: 9.8 £7.3°, p<0.001, d=1.14) and the B-skip (diff:
8.7 £ 6.7°, p=0.007, d = 1.0) induced a smaller ankle ROM than running.

From a kinetics point of view, differences were only found within the running drills
(Bounding vs A-skip & Bounding vs B-skip) but no difference was found between the
running drills and running.

For positive ankle power, only the bounding induced a higher value than running
(diff: 5.5+ 7.5]/kg, p = 0.014, d = 1.05) whereas the value of the four other running drills
was not significantly different to running. No difference was found for negative ankle
power between each running drills and running (p = 0.05, n* = 0.18).

Midtarsal

MT plantar flexion peak was similar between the running drills and running (p =0.35,
n? = 0.06) whereas the MT dorsiflexion peak (p <0.001, n”>=0.43) and MT range of motion
(p < 0.001, n* = 0.29) were different. For MT dorsiflexion peak, post hoc tests showed that the
A-skip (diff: 6.5+ 5.8°, p <0.001, d = 1.0), the B-skip (diff: 6.4 + 5.3°, p <0.001, d = 0.9) and
the Heel flicks (diff: 5.2 + 5.3° p = 0.002, d = 0.7) induced smaller values than running. As for
the ankle ROM, only the A-skip (diff: 7.7 +7.8°, p=0.005, d=0.8) and the B-skip (diff:
6.9 £ 7.9° p=0.007, d = 1.0) induced smaller MT ROM than running.

From a kinetics point of view, a difference was only found between the Bounding and
the A-skip (p =0.007, d=0.97) but no difference was found between the running drills
and running.
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Table 2. Comparison of ankle, midtarsal and metatarsophalangeal kinetics between running drills and
running (mean + SD).

Moment
Joint Tasks (N.m/kg) p-value r]2 Post-hoc test
Ankle A-Skip (1) 3.01 £0.53 =0.016 0.02
(N.m/kg) B-skip (2) 3.15 + 0.45
Bounding (3) 3.66 + 0.72 (3) >; (1)**, (2)*
Heel flicks (4) 3.30 + 0.61
SLR (5) 341 £ 051
Running (6) 3.40 + 0.66
MT (N.m/kg) A-Skip (1) 1.95 + 0.47 =0.039 0.16
B-skip (2) 213+ 044
Bounding (3) 236 + 047 (3) >; (1)**
Heel flicks (4) 2.16 + 0.47
SLR (5) 222 +£0.28
Running (6) 221+ 035
MP (N.m/kg) A-Skip (1) 0.32+£0.17 =0.49 0.04
B-skip (2) 0.47 £ 0.26
Bounding (3) 0.42 + 0.44
Heel flicks (4) 0.37 +£0.19
SLR (5) 0.40 £ 0.21
Running (6) 0.40 +0.18

MT = midtarsal; MP = Metatarsophalangeal. Repeated measures ANOVA followed by Bonferroni’s correction: p > 0.05, not
significant; * symbol represents a p-value for post-hoc test inferior to 0.05; ** symbol represents a p-value for post-hoc test
inferior to 0.01; *** symbol represents a p-value for post-hoc test inferior to 0.001. Tasks are represented by a number from 1
to 8 in post-hoc test. ANOVA, Analysis of Variance; SD, Standard deviation.

For positive MT power, the A-skip (diff: 2.8 +2.9]/kg, p <0.001, d=1.5) and the
B-skip (dift: 2.7 £2.1]/kg, p <0.001, d =1.4) induce a smaller value than running. No
difference was found for negative MT power between each running drills and running
(p =0.052, n* = 0.16).

Metatarsophalangeal

MP plantar flexion peak was similar between the running drills and running (p =041,
1’ = 0.06) whereas the MP dorsiflexion peak (p < 0.001, n° = 0.47) and MT range of motion
(p < 0.001, n* = 0.43) were different. For MP dorsiflexion peak, post hoc tests showed that
the A-skip (diff: 7.2 £ 6.5°, p < 0.001, d = 1.0), the B-skip (diff: 8.1 +4.7°, p <0.001, d=1.1),
the Bounding (diff: 4.2 +5.3°, p=0.015, d=0.69) and the Heel flicks (diff: 9.2 +6.0°,
p < 0.001, d=1.3) induced smaller values than running. Similarly, the A-skip (diff:
7.3 £ 6.6° p<0.001, d=0.9), the B-skip (diff: 7.0 +3.5°, p <0.001, d =0.9), the bounding
(diff: 4.4 +6.2°, p=0.009, d =0.64) and the Heel flicks (diff: 9.3 +6.4°, p<0.001, d=1.2)
induced a smaller MP ROM than running.

No difference was found between the running drills and running for MP moment
(p = 0.49, n°=0.04), positive MP power (p=0.13, n>=0.11) and negative MP power
(p = 0.75,9° = 0.136).

Muscle activity

All mean, standard deviations, values of muscle activation, p-values and effect sizes for
the abductor hallucis, gastrocnemius medialis, lateralis and soleus are shown in Table 4.
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The Bounding (diff: 157.0 £ 96.3 mV, p <0.001, d =1.04) and the SLR (diff: 65.0 +
127.7 mV, p =0.009, d = 0.56) induce a higher abductor hallucis activation than running.

On the other hand, the bounding induce a higher gastrocnemius medialis (diff: 138.0
+129.3 mV, p=0.006, d=1.10) and soleus (diff: 131.7 + 103.2 mV, p <0.001, d =1.06)
muscle activation than running.

Discussion and implication

The aim of this study was to compare the foot-ankle mechanics of running drills with
distance running using a multi-segment foot model. Based on the study of Trowell et al.
(2022), it was hypothesised that Bounding will induce higher foot and ankle power than
distance running whereas the A-skip and B-skip will induce less than distance running. Our
findings confirm that Bounding induce a significant higher ankle-positive power than
distance running. However, MT and MP positive or negative power were not significantly
different between bounding and distance running. Our results have also shown that the
A-skip and the B-skip induce less MT positive power than distance running. Contrary to the
findings of Trowell et al. (2022), the A-skip and the B-skip do not induce a smaller ankle
positive or negative power than distance running. This difference with our results could be
explained by the use of multi-segment foot model that more accurately estimates the
mechanical power generated at the ankle joint during dynamic activities (Kessler et al., 2020).

The kinematic analysis of our study revealed that all the running drills (except
Bounding) induce a smaller ankle, MT and MP dorsiflexion peak than running.
Despite this difference in dorsiflexion peak, the Heel flicks and SLR induce similar
ankle, MT and MP moment and power than running. Avoiding high amplitudes of
ankle dorsiflexion is advised for certain common runner pathologies, such as Achilles
tendinopathy, as this may exacerbate pain symptoms (Malliaras, 2022). For this injured
population, running can become difficult because of the increased pain during training
(Malliaras, 2022). Therefore, the practice of the Heel flicks and SLR could be an inter-
esting alternative to running for maintaining the runner’s foot and ankle complex’s
capacity in limiting the appearance of pain. At the opposite, the practice of Bounding
should be avoided before advanced stages of rehabilitation because it requires a high
ankle dorsiflexion and power. These statements are consistent with an existing classifica-
tion of exercise progression for Achilles tendinopathy showing that long forward hop-
ping with one-leg induces a higher loading peak than running (Baxter et al., 2021).

Although the differences are not statistically significant, the analysis of the biomecha-
nics within the foot showed that all the running drills (except the A-skip) induced
a higher positive MP power than running (=50% more). This finding highlights that
running drills require a strong propulsion capacity on the forefoot. Parallelly, electro-
myographic analysis showed that all the running drills induced a higher percentage of
abductor hallucis activity than running. In summary, running drills could be useful in
improving the capacity of the forefoot to forcefully push into the ground. However, some
cautions are necessary for the generalisation of these affirmations in shod conditions,
given that the running drills in this study were performed barefoot.

A previous interventional study has shown that performing an intensive program
composed by running drills during 3 weeks (=5000 to 6000 jumps) can improve toe
flexor strength (+7% to 16%) (Goldmann, Potthast, et al., 2013). The toe flexor strength
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improvement was greater whether the program was performed in minimalist footwear
condition compared to traditional footwear (Goldmann, Potthast, et al., 2013). Toe flexor
strength enhancement could lead to a performance improvement in athletic tasks
requiring strong propulsion, such as long-jump, sprinting or ability to change direction
(Goldmann, Sanno, et al., 2013). However, it still remains unknown whether functional
training (such as running drills) is more efficient than isolated foot exercises in improv-
ing toe flexor strength. Despite the absence of longitudinal follow-up, Willemse et al.
(2023) showed that functional exercises induce comparable or even greater activation of
the plantar intrinsic foot muscles than muscle-specific isolated foot exercises.

In comparison with previous study, a multi-segment foot model was used in our study
to better illustrate ankle biomechanics and provide supplementary information on the
biomechanics within the foot. The simultaneous analysis of ankle and foot biomechanics is
relevant because previous studies have shown that their mechanical behaviour is inter-
related (Smith et al., 2015; Welte et al., 2023). Interestingly, in our study, the power
generated within the foot was not similar between the running drills. This finding indicates
that, as for the ankle, the choice of running drill influences the foot output. Specifically,
track and field coaches could use the B-skip to improve the ability of their runners to push
into the ground with their forefoot without increasing the load on the midfoot. In contrast,
Bounding adds a supplementary load on the midfoot but reduces the amount of propulsive
force required with the forefoot in comparison with the other running drills. The power
required for the ankle and foot were not similar across the running drills. For example,
track and field coaches have to keep in mind that the Bounding exercise induces a low
positive power on the MP joint but a high positive power on the ankle compared with the
other running drills. From another point of view, this information could also help
clinicians implement a progressive loading strategy with runners who have sustained
foot injuries (e.g., metatarsal stress fracture or plantar fasciitis).

This study had some limitations that should be considered before generalising the
results. First, the participants performed the trials barefoot. This could lead to a potential
over-estimation of the kinematic and kinetic values of the foot and ankle joints (Esculier
et al., 2022; Hall et al., 2013; Su et al,, 2022). In our study, the equipment installed on the
foot (markers and EMG electrodes) did not allow for shoes to be worn. The equipment
could not be attached directly to the running footwear because this would overestimate the
MTP peak plantar flexion angle and moment compared with markers placed on the skin
(Perrin et al., 2023). This overestimation can be explained by the movement of the foot
inside the shoe, and by the additional deformation of the shoe measured (Perrin et al,,
2023). Therefore, caution should be exercised when applying these findings to shod
running. Second, only five trials were performed for each task. The literature recommends
that studies involving the analysis of traditional running biomechanical variables should
use a minimum of 25 steps from each participant to provide appropriate data stability and
statistical power (Oliveira & Pirscoveanu, 2021). However, given the number of running
drills assessed in this study, it was not possible for the participants to perform 25 repetitions
of each task without risking to induce fatigue. Third, the conclusions from the electro-
myographic data should be interpreted with caution. The interpretation of surface electro-
myograms in dynamic contractions contains several sources of errors, such as signal
properties, electrode shift and tissue conductivity (Farina, 2006). Moreover, given its size
and the variety of its position on the foot, it is advisable to use a fine-wire electrode inserted
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into the muscle rather than a surface electromyogram to measure the activity of the
abductor hallucis. Finally, several multi-segment foot models exist and the results of our
study could be slightly different when using another model (Deschamps et al., 2017).

Conclusion

The main contribution of this study is to offer a detailed analysis of the mechanical
behaviour of the ankle and joints within the foot during running drills. Running drills
(except Bounding) induce a smaller ankle, MT and MP dorsiflexion peak than running.
Bounding induces a higher ankle-positive power than running, but does not induce higher
MT and MP positive or negative power. The A-skip and the B-skip induce less MT positive
power than running but do not induce less ankle positive or negative power. This analysis
could help track and field coaches to select their running drills in an evidence-based manner.
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