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ABSTRACT

This study aims to analyze and summarize the biomechanical (kinematics, kinetics and neuromuscular)
differences between shod and barefoot running, through a literature review. Searches were conducted for
complete articles published between 2013 and November 2018 in the Web of Science, PubMed, Scopus
and SPORTdiscus databases. The search terms used were Biomechanics, Kinetics, Kinematics, Electromyo-
graphy, “Surface Electromyography”; and Unshod, Barefoot, Barefeet and Running. The search resulted in
687 articles; after excluding duplicates and selecting by title, abstract and full text, 40 articles were included
in the review. The results show that there are important differences in the biomechanics of running when
shod or barefoot. In general, studies indicate that in barefoot running: a) individuals present forefoot or
midfoot foot strike patterns, while in shod running the typical pattern is the rearfoot strike; (b) greater
cadence and shorter stride length are observed; and (c) there is greater knee flexion, lower peak vertical
ground reaction force and greater activation of the medial gastrocnemius. In addition, barefoot runners
contact the ground with greater plantar flexion, possibly as a strategy to reduce impact when stepping
without footwear. These differences, as well as runners’individual characteristics, should be considered
in the prescription of the barefoot running, in order to minimize injuries resulting from the practice.
Level of Evidence II; Review.

Keywords: Kinetics; Kinematics; Electromyography.

RESUMO

Este estudo tem como objetivo analisar e resumir as diferen¢as biomecanicas (cinéticas, cinemdticas e neu-
romusculares) da corrida com calcado e descalco através de uma revisdo de literatura. Foram realizadas buscas
por artigos completos publicados entre 2013 e novembro de 2018 nos bancos de dados Web of Science, PubMed,
Scopus e SPORTDiscus. Os descritores usados foram Biomechanics, Kinetics, Kinematics, Electromyography, “Surface
Electromyography”; e Unshod, Barefoot, Barefeet e Running. A busca resultou em 687 artigos, e depois da exclusdo
das duplicatas e selecdo através do titulo, do resumo e do texto completo, 40 artigos foram incluidos na revisGo. Os
resultados evidenciam que existem diferenc¢as importantes na biomecdnica da corrida entre as condicées calcado
e descalco. De maneira geral, os estudos indicam que, na corrida descalgo: (a) os individuos apresentam padréo de
pisada com o antepé ou mesopé, enquanto na corrida com calcado, o padrdo tipico é com o retropé; (b) observa-se
maior cadéncia e menor comprimento da passada; e (c) ocorre maior flexdo de joelho, menor pico de forca vertical
de reagéo do solo e maior ativagdo da parte medial do gastrocnémio. Ainda, na condicdo descalco, os corredores
fazem o contato com o solo com maior flexdo plantar, possivelmente buscando uma estratégia de atenuacdo de
impacto durante a pisada sem calcado. Essas diferencas, assim como a individualidade dos praticantes, devem ser
consideradas na prescricdo da corrida descalco, visando minimizar a ocorréncia de lesbes decorrentes da prdtica.
Nivel de evidéncia Il; Estudo de Revisdo.

Descritores: Cinética; Cinemdtica; Eletromiografia.

RESUMEN

Este estudio tiene como objetivo analizar y resumir las diferencias biomecdnicas (cinéticas, cinemdticas y
neuromusculares) de la carrera con calzado y descalzo a través de una revision de literatura. Fueron realizadas
busquedas de articulos completos publicados entre 2013 y noviembre de 2018 en los bancos de datos Web of
Science, PubMed, Scopus y SPORTDiscus. Los descriptores utilizados fueron Biomechanics, Kinetics, Kinematics,
Electromyography, “Surface Electromyography”; y Unshod, Barefoot, Barefeet; y Running. La busqueda resultd en
687 articulos, y después de la exclusion de los duplicados y seleccién a través del titulo, del resumen y del texto
completo, 40 articulos fueron incluidos en la revision. Los resultados evidencian que existen diferencias importantes
en la biomecdnica de la carrera entre las condiciones calzado y descalzo. De manera general, los estudios indican
que, en la carrera descalzo: (a) los individuos presentan padrén de pisada con el antepié o mesopié, mientras que
en la carrera con calzados, el padrén tipico es con el retropié; (b) se observa mayor cadencia y menor longitud
de la pasada; y (c) ocurre mayor flexién de la rodilla, menor pico de fuerza vertical de reaccion del suelo y mayor
activacion de la parte medial del gastrocnemio. Ademds, en la condicién descalzo, los corredores hacen el contacto
con el suelo con mayor flexion plantar, posiblemente buscando una estrategia de atenuacién de impacto durante
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la pisada sin calzado. Estas diferencias, asi como la individualidad de los practicantes, deben ser consideradas en
la prescripcion de la carrera descalzo, buscando minimizar la ocurrencia de lesiones provenientes de la prdctica.

Nivel de Evidencia Il; Estudio de Revision.
Descriptores: Cinética; Cinemditica; Electromiografia.

DOI: http://dx.doi.org/10.1590/1517-869220202606219320

INTRODUCTION

Health benefits, low cost and improving coaching profes-
sionalization are some reasons to support road running popular-
ity. In 2017, there were almost 20 million participants enrolled in
road races in Brazil and in the United States of America.'? Along
with such popularity, a high injury incidence ranging from 19.4%
to 79.3% was observed.? Injury-related factors are improper run-
ning shoes, improper training and biomechanical factors.* There-
fore, to deal with running injuries, comfort and performance running
shoes were developed,” while barefoot running became popular.®’
Why did these two actions become popular in outdoor running?

Historically, neolithic man already wore rudimentary footwear
and the athlete Abebe Bikila, running barefoot, won the marathon
of the 1960 Olympic Games in Rome. Although wearing shoes is an
established human habit, people still have nice performance running
barefoot. Robbins and Gouw? proposed the hypothesis modern sport
shoes would be unable to protect individuals from running injuries
because they attenuate plantar sensory information, which is necessary
to change how they run. Two decades later, Liebermann et al.” showed
the transient ground reaction force (GRF)'° was absent in runners used
to barefoot running. In this context, the discussion about running with
shoes or barefoot is controversial. The sport’s shoes technological de-
velopment attracts consumers and, conversely, studies suggesting the
barefoot running can eliminate the transient GRF pattern, leading to
lower heel impact during running.? For different reasons, also guided
by the need to reduce the risk of injury, people run barefoot or with
some type of footwear.

Hall et al.” reviewed the biomechanical differences of running
with and without shoes. How does footwear affect joint kinematics in
running? Moderate evidence indicates running barefoot is associated
with higher cadence and lower dorsiflexion at first foot contact with
the ground. Limited evidence suggests the forefoot pattern is more
common in barefoot running. Does GRF decrease in barefoot run-
ning? Hall et al” indicated the decreasing in peak GRF during barefoot
running has moderate evidence. Different foot strike patterns modify
how the foot first touches the ground and receives the impact and
changes how foot muscles will attenuate such mechanical impact."
Does running barefoot alter the muscle activation patterns? Only two
studies, with limited evidence, describe how muscles act in running
with shoes and barefoot.

All these issues continue to diverge opinions. Are new studies point-
ing out to the same direction as Hall et al” findings, concerning bio-
mechanical comparisons between shod and barefoot running? Recent
investigations indicate that are differences between these conditions in
kinematics (spatiotemporal parameters or joint kinematics)'>'4, kinetics
(peak GRF and moments)'>'® and neuromuscular aspects'""'’. Identifying
these differences isimportant to minimize the injury risk,® and they should
be summarized to guide running practice. In this sense, the aim of the
study was to analyze and summarize the biomechanical (kinematics,
kinetics and neuromuscular) differences between barefoot and shod
running, through a literature review.
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METHOD

The literature search was performed on the Web of Science, PubMed,
Scopus, and SportDiscus databases. The descriptors, Boolean operators
and the search strategy are presented in table 1, clustered into biome-
chanical analysis, barefoot condition and running. Inclusion criteria were:
complete research articles with biomechanical variables (kinematics,
kinetics and/or neuromuscular aspects) comparing running with and
without shoes, with persons older than 18 years old, with at least one
group of healthy individuals. Only articles published in English between
2013 and 2018 in peer-reviewed journals were selected. Review studies,
studies without full text available, and conference proceeding papers
were excluded.

The literature search occurred in November 2018. We have only
included studies from 2013 because another review about the same
subject has already been published in that year’. Thus, this is an updated
review about this topic.

For the literature synthesis, data about a) participants (sex, age, sample
size, and level of experience in running); b) kinematics; and c) kinetics and
d) neuromuscular results were presented. Only variables described for at
least two studies and with statistically significant differences between
shod and barefoot conditions were depicted.

Table 1. Descriptors used in searches.

(Biomechanics OR Kinetics OR Kinematics OR

i Electromyography OR “Surface Electromyography”)
Block #2 (Unshod OR Barefoot OR Barefeet)
Block #3 Running

Used in searches: | Combination #1 AND Combination #2 AND #3 combination

RESULTS

Six-hundred-eighty-seven studies were found, of these, 185 were
duplicated, resulting in 502 studies to read the title. One-hundred-fifty-
-four papers were selected, and, after reading their abstract, 71 articles
were chosen for full reading. Applying the eligibility criteria, 40 articles
were included for the analysis, according to Figure 1.

Participants’ characteristics are in Table 2. These participants were
experienced in running, but rarely in barefoot running or wearing mini-
malist footwear. Twelve studies included rearfoot runners, while the others
did not have foot strike pattern as inclusion criteria. Sample size ranged
from six to 241 participants, from 18 to 55 years old. Regarding sex, 17
studies have included only males, one study included only females, and
22 studies included both sexes. Most studies have included amateur
runners with varying weekly race volumes.

Methodological aspects of each study are summarized in Figure 2.
In 19 studies,'1%1618-33 participants ran on instrumented track; in 18
studies,'> 417344 their participants had run on instrumented treadmill;
while three*®*° did not inform where participants had run. Regarding
running speed, in 21 studies'14182426.2830-333537,3841-434548 harticipants
have run on a fixed speed, ranging from 8 to 14.4 km/h; in 14 stu-
dies,1417:21-242835394043454649 harticipants ran in their self-selected speed,
and the other five'3048-30 did not report the test running speed.
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Figure 1. Flowchart of the studies’ selection process.

The number of studies that showed significant differences for kine-
matic, kinetic and neuromuscular variables between shod and barefoot
running are depicted in Figure 3. These studies compared barefoot and
shod running, and some of them did also compare different footwear
types/models.!*4344 One study*' tested running on different slopes, other
two'**> compared different running speeds and another'® compared
different stride lengths.

Kinematics

Thirty-three studies analyzed the running kinematics (spatiotemporal
parameters or joint kinematics) (Figures 3A and 3B). Considering spatio-
temporal parameters, six studies03136414245 showed runners usually hit
the ground with the rearfoot when they were wearing shoes, and the
other six!72031364345 showed their participants had hit the ground with
the midfoot or forefoot whilst running barefoot. Shod running presented
larger stride length,213:151722242527.28314344 |onger stride time, %47 lon-
ger contact time.'**133%% Running barefoot presented higher caden
Ce1245,17,27,34,36,39,42,44,49 and |Onger ﬂlg ht time.39'49

Regarding ankle joint kinematics, most studies (88%)'%13:152022-
2427.29313237141:4450 found shod running was associated with higher dor-
siflexion, while six studies'1>2%743 showed running barefoot involves
greater plantar-flexion. Knee flexion is higher in shod running. 31527313248
In most (67%) of the six studies that analyze hip kinematics,'>'82331 run-
ners used to shod running presented greater hip flexion.

The three-dimension motion analysis was applied to every study
about ankle and knee kinematics. Running barefoot'8%734374050 presented
larger ankle range of motion (ROM) during stance phase. Regarding knee
ROM, results are variable'®3#394 and only one study®' compared knee
kinematics at different gait phases.
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Kinetics

Fourteen studies measured any kinetic variables, such as external
moment,impact, and loading rate (Figure 3C). Considering the GRF, most
studies showed the loading rate is higher in barefoot condition,02831:344748
and the impact peak has opposite results.?>?* Regarding articular mo-
ments, plantar flexion moment was higher in the barefoot condition,'>'®
while knee extension moment was higher in shod condition.'

Neuromuscular aspects

Seven studies analyzed neuromuscular aspects during running
(Figure 3D). The tibialis anterior muscle has been more active during
shod running. 17183540 The triceps surae muscle usually (72%)'"1617:3537
showed more activation in barefoot condition. For biceps femo-
ris3*40 and soleus' 4 muscles, results are divergent in the few stud-
ies found. Sinclair et al,'® using computational modeling, showed
quadriceps muscle (rectus femoris, vastus medialis, and vastus
lateralis muscles) and tibialis anterior muscle forces were higher
during shod running, while gastrocnemius medialis muscle force
was higher in barefoot running.

DISCUSSION

This study aimed to analyze and summarize the biomechani-
cal (kinematics, kinetics and neuromuscular) differences between
barefoot and shod running, through a literature review. This dis-
cussion is divided in four question-guided sections. Running
kinematics is discussed in the first two sections; while the running
kinetics and its neuromuscular aspects are discussed in sections
3 and 4, respectively.
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Table 2 . Number of participants, age group and level of running practice in the studies included in the review (continues).

References

Participants (M/F)

Age group*

General characteristics of the sample*

An, Rainbow, Cheung*!

17 male

28.5 + 44 years

Runners with no previous experience in barefoot running

Runners with no previous experience in barefoot running or minimalist

Azevedo, Mezéncio, Valvassori, Mochizuki, Amadio, Serra'2 14 (12/2) 18 to 40 years ; . ) ) ) )
footwear, rearfoot strikers, and with experience in treadmill running
Bonacci, Saunders, Hicks, Rantalainen, Vicenzino, Spratfor'® 22 (14/8) 29.2 £ 6.0 years Very well-trained runners, with 105.3+ 33.5 km of training per week
Cheung, Rainbow? 30 (12/18) 255+ 5. years Amateur runners, WIFh a 30 kml/weeklrunmng vqume; in the
last year, no previous experience in barefoot running
) o Amateur runners, rearfoot strikers, with a running
. " . , )
Cuevas, Quesada, Giménez, Aparicio,Jimenez, Perez 22 male 284 + 58 years volume of 386 + 154 km/week
Ekizos, Santuz, Arampatzis*® 20 (14/6) 27.8 + 5 years Runners used to running and walking with shoes
Ervilha, Mochizuki, Figueira Jr, Hamill™! 10 male 22.1 + 2 years Runners with a t'ralnlng volume of at least 15 km/week,
used to running with shoes, and rearfoot strikers
Fredericks, Swank, Teisberg, Hampton, Ridpath, Hanna** 26 (13/13) 265 £ 6.1 years Amateur runngrs Wlt.h training betvvegn 24 an.d430klm per week,
with no experience in barefoot running or minimalist footwear
Hashish,Samarawickrame, Powers, Salem?® 22(9/13) 19 to 40 years Runlners with ? tralnlpg volume ranglhg betweén ]5f4.0 km/week. No
previous experiences in barefoot running and with minimalist footwear
Hein, Grau® 37 (14/23) 18 0 55 years Amategr runners, Arearfo.ot strikers and Wllth no
previous experience in barefoot running
Hollander, Argubi-Wollesen, Reer, Zech* 37 (14/23) 18 to 45 years old Amate‘ur runnersj tralmngl a Iegs‘t 12 ‘km/week No
previous experiences with minimalist footwear
. o , 3564 £ 11.67 Long-distance runners used to running with shoes. Training volume
—| - _ 45
Jiménez, Garcia-Pinillos, Soto-Hermoso, Latorre-Roman 32 male cars of 60.18 + 2041 km/week and 547 + 129 sessions per week
" - - - -
JimenezRoman, Hermoso, Pinillos® 80 (59/21) 3411 £1295 Amateur runners, W|th.n.o experience predicted with
ears barefoot running, training of at least 40 km/week
Kelly, Lichtwark, Farris, Cresswell*” 16 (9/7) 18 to 29 years old| Amateur runners used to running with shoes. None of

participants was forefoot striker, both shod and barefoot

Larson®

241 (does not

Not informed

Varied sample among runners used to running barefoot, barefoot

inform) running for the first time or started a short time ago
LeBlanc, Ferkranus'? 12 (6/6) 21.1 £ 1.2 years Runners used to running on the treadmill
McCallion, Donne, Fleming, Blanksby' 14 male 18 to 35 years old Runr?e.rs used to running with shoes, with
minimum training of 30-50 km/week
- - "
McCarthy, Fleming, Donne, Blanksby* 23 female 30 + 3 years Amateur runners with a unning volume O.f 297 _.]4‘0 km/wgek. Used
to running with shoes and without experience with minimalist shoes
) RB: 23 £ 1.2 years 18 male used to running barefoot since birth and
31
Mei, Fernandez, Fu, Feng, Gu 38 male RS: 24 + 2.1 years 20 male used to running with shoes
Nigg, Vienneau, Smith, Trudeau, Mohr, Nigg*? 35 (18/17) 299 £ 9.7 years Runners training at least 2 times a week, rearfoot strikers
- — "
Olin, Gutierrez® 18(6/12) 312+ 79 years Amateur runners, thh atraining volume of 20.9 + 6:0 km/
week, used to running with shoes and rearfoot strikers
Peltz, Haladik, Hoffman, McDonald, Amateur runners used to running with shoes, with
Ramo, Divine, Nurse, Bey° 12(6/6) 18 10 33 years old a training volume of at least 25 miles/week
Rao, Chambon, Gueguen, Berton, Delattre® 8 male 2387 + 3.7 years Runners u§ed 0 r.unmn.g'wnh shoes, without
experience with minimalist footwear
Roberts, Roscoe, Hulse, Bennett, Dixon® 40 male 18 to 40 20 participants with symptoms and diagnosed vvlth chror'ﬂlc exertional
VYears compartment syndrome and 20 asymptomatic participants
Male 31 + 7 years|
Santuz, Ekizos, Janshen, Baltzopoulos, Arampatzis® 20 (10/10) Female: 28 Regularly active
+ 5 years
Shih, Lin, Shiang** 12 male 22+ 1.3 years Runners used to running with shoes and rearfoot strikers
Sinclair, Atkins, Richards, Vincent'® 20 male 27.71 £ 3.01 vears Experienced runners training at least 3 times a week
Sinclair, Atkins, Taylor'® 15 male 235 £ 2.5 years Runners, with a training Yolume of t least 35 .km/
week, used to running with shoes, rearfoot strikers
Sinclair, Hobbs, Currigan, Giannandrea, Taylor'® 16 male 22.36 £ 2.51 years Experienced runners, with a training \{olume of
at least 30 km/week, rearfoot strikers
Sinclair® 30 male 2621 + 5,52 years Amateur runners training at least 3 times a week
Sinclair? 12 male 2433 1 409 Recreano.na\ runners (at least 3 times per week
with a weekly volume of 35 km)
Strauts, Vanicek, Halaki“0 6 (4/2) 315+ 99 years Amateur runners Wlth 3-4/week traﬁmng sessions. No previous
experience in barefoot running, rearfoot strikers
RS:305 +
h 7.5 years Runners with no experience in barefoot running, training at least
20 '
Tam, Darragh, Divekar, Lamberts 3427/6) RM: 344 + 4h/week (48 km) and who could run 10 km in less than 50 min
7.5 years
Tam, Prins, Divekar, Lamberts?! 50 male 30.3 + 74 years | Experienced runners used to running shoes. 10 km in less than 50 min
Tam, Wilson, Coetzee, Pletsen, Tucker*® 51 male 282 £ 50 years Amate.ur runners used to unning shoes with drealcr
cushioning, able to run 10 km in less than 50 min
Thompson, Gutmann, Seegmiller, McGowan?? 11(6/5) 29 + 5.6 years | Physically active, training at least 30 minutes per session, 5 times a week
Thompson, Hoffman? 10 (6/4) 27 £ 7.1 years Physically active and rearfoot strikers
Thompson, Lee, Seegmiller, McGowan?? 20(10/10) 22.1 to 35 years 10 rearfoot strikers and 10 forefoot or midfoot strikers
Thompson, Seegmiller, McGowan? 10 (5/5) 26 + 7.3 years Amateur runners, physically active, rearfoot strikers
Xu, Liang, Liu, Fekete?® 10 male Does not inform Runners used to running barefoot and with shoes

M: Male; F: Female; * Values presented in Mean + Standard Deviation; RB: Used to running barefoot; RS: used to running with shoes; RM: used to running with minimalist footwear.
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How different are the motion patterns in shod and barefoot
running?

There are different ways to define the running pattern. For example,
by the foot strike (forefoot, midfoot or rearfoot) pattern, or by the run-
ning strategy using stride length or cadence. In this review, we found
stride length and cadence differs between shod and barefoot running.
Stride length is shorter in barefoot running, and consequently, cadence
is faster. Hall et al.” has described similar results.

Analysis Protocols
45-
5
.,g Instrumented track
‘E Instrumented treadmill
5 [ID Fixed
E Self-selected
€ [ Not informed
z
L)
>
()
&
\ofb

Figure 2. Number of studies according with the instruments and running speeds
used in the analysis protocols.

The foot strike differs between shod and barefoot running. Barefoot
running is associated to mid and forefoot strike patterns, while shod running
is associated with rearfoot strike. Stance time in mid/forefoot strike is shorter.
Faster some people run, more typical such strike patterns are,*'*? suggesting
subgroups, that is, some runners change, while others do not, their foot strike
pattern when they run faster. Besides, barefoot running might provide more
sensory information during foot strike.” Shoes might reduce the foot sensory
information during the stance phase.>® In addition, the first attempts to run
barefoot are usually associated to higher GRF, leading to change foot strike
pattern. Stride length is shorter in barefoot running, and it depends on swing
phase. A shorter swing phase can be associated with a lower GRF and a shock
attenuation strategy.**

Barefoot running has a faster cadence. This is a consequence of
kinematic changes during the stance phase.> In the barefoot condition,
De Wit, Clercqg and Aerts>® suggest the leg stiffness is higher, inducing
higher cadence. The leg stiffness is affected by how the GRF vector
is oriented to ankle, knee and hip joints.* Cadence is associated with
swing leg properties as an inverted pendulum and stance time also
influences it. Stance time shorts when foot strike is not with the rear-
foot, and, for barefoot condition when foot strike is mid/forefoot strike.
Differences on spatiotempral parameters, such as cadence,?!2224252845
are evident even when the speed in both conditions (shod and bare-
foot running) is similar.

How does footwear affect joint kinematics in running?

Comparing running with and without shoes, the lower limb joint
kinematics is different. We highlight differences in the ankle, knee and
hip. Hall et al.” showed limited evidence for the ankle and moderate

A Spatiotemporal Variables B Joint Kinematics
14+ 18+
124 16 2
0 144
é 10 ]
2 3™
w g 0 404
5 12 2 5 gd| 15 5
3 4 E : P %
— 6 4+ Y o
\. — 5 |¢ sl [2
3 2 4
........ 1 N 2
c T T T T T b T \J L) T L J
SL CcD ST FT CT ADP APFP KFP HFP AROM KROM
C Kinetic Variables D Neuromuscular Aspects
10+ 8+
8
k: 8
3 6 6 3 i
7] » 5
k-] 6 4- ;
o T
£ 4 s || | Vi
: :
Z = 2 4
1 1 1 1
0 T T L] L] c T L L T
VLR P KEEM PFEM TA TS SO BF
[ Shod > Barefoot [ Barefoot > Shod
3A: SL: stride length; CD: cadence; ST: stride time; FT: flight time; CT: contact time. 3B: ADP: ankle dorsiflexion peak; APFP: ankle plantar flexion peak; KFP: knee flexion peak; HFP: hip flexion peak; AROM: ankle range of motion
(sagittal plane); KROM: knee range of motion (sagittal plane). 3C: VLR: vertical loading rate; IP: impact peak; KEEM: knee extension external moment; MEFP: plantar flexion external moment. 3D: TA: tibialis anterior muscle; TS:
triceps surae muscle; SO: soleus muscle; BF: biceps femoris muscle.

Figure 3. Number of studies that showed significant differences in the comparison
neuromuscular aspects (D) between shod and barefoot running.
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of the spatiotemporal parameters (A), joint kinematics (B), kinetic variables (C) and
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evidence for the knee. In addition, we have found results that indicate
changes in hip movements in running.

During barefoot running, ankle dorsiflexion decreases, plantar flexion
increases, and the foot strikes the ground in ankle plantar flexion. When
running with a rearfoot pattern, dorsiflexion occurs at the foot strike. Hall
etal.’” showed limited evidence suggesting greater eversion in barefoot
running. Ankle ROM is larger during stance phase in barefoot running;
however, for the initial contact and impulsion, such ROMis larger in shod
running.“? Strauts et al.* found the runners used rearfoot strike in both
shod and barefoot running. This result may be related to a lower ankle
ROM in the barefoot condition compared with studies in which foot
strike patterns varied among forefoot, midfoot and rearfoot patterns.

During stance phase, knee flexion is higher in barefoot running.
Such knee flexion can reduce the vertical GRF and decrease injury
risk.>® For barefoot runners with forefoot strike pattern, the knee ROM
is shorter. Thus, barefoot running increases the maximum knee flexion,
but decreases its ROM.

Barefoot running changes hip joint kinematics, and hip flexion ROM
is lower during stance phase*° Strauts et al*° suggested changes in hip
and pelvis angles are coordinated with ankle joint movements. Muscle
strength, muscle activation patterns, anthropometry, joint mobility and
muscle length also affect hip, pelvis and trunk kinematics during running.®

Does GRF decrease in barefoot running?

Kinetic gait analysis is mostly GRF-based and well-established in gait
analysis. The GRF decreases with shorter stride length.?? The shorter the
stride length, closer is the initial foot contact to the vertical projection of
the center of mass, whereas the knee and hip flexion peaks decrease.>’
The first peak of the vertical GRF is lower in barefoot condition and
associated with shorter stride length>*#” Such peak decrease may be
related to GRF spectral change;*® while forefoot strike pattern has more
power spectrum up to 10 Hz, rearfoot strike pattern has more power
spectrum above 10 Hz, including higher GRF frequency content like GRF
transient. This implies the smallest first GRF peak is not due to barefoot
running, but due to the forefoot strike pattern.

Runners used to run barefoot and with the forefoot strike pattern have
only propulsion GRF peak, while runners used to run with shoes showed
the impact and propulsion GRF peaks.?2 Running with and without shoes
produce similar GRF* The impact peak is three times lower in runners used
to run barefoot with forefoot strike compared with runners used to run with
rearfoot strike.® But, the GRF peak was higher in barefoot condition with
rearfoot strike compared to shod condition.’ Lieberman et al.? showed
the GRF transient occurs during rearfoot strike pattern and it increases in
barefoot condition compared with the shod condition.

The loading rate describes how fast GRF was applied during foot
strike. In Hall et al.” the loading rate changes according to the foot
strike pattern in barefoot running. In barefoot running, the forefoot
strike reduces the loading rate and the rearfoot strike increases it.286344142
For the rearfoot strike pattern, the loading rate is higher without
shoes than running with shoes;”831344748 byt one study* found no
difference between these two conditions. The loading rate is a high
frequency GRF component,*® and the high frequency GRF content is
associated with the foot strike pattern,*® and not necessarily due to
the barefoot running.

There is little information about the moment patterns in running with
and without shoes. Two studies®*3 have shown the knee extension moment
was higher in shod running than in barefoot running, and a study? showed
no difference in ankle, knee and hip moments between running conditions.
Hall et al” did not evaluate the joint moments. Regardless of the shoe
condition, the GRF peak and joint moments are not different for a similar
speed condition.? For shod and barefoot running, joint moment increases
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are associated with larger stride length. For the sagittal plane, increasing the
stride length 10% longer augmented the knee and ankle peak moment,
but no differences were found between running with and without shoes.??

Does running barefoot alter the muscle activation patterns?

The lower limb muscle activity, joint kinematics and kinetics are
associated. We are presenting a larger muscle set and their behavior
during running with and without shoes, compared with Hall et al.”

The interaction between foot strike patterns and running with or
without shoes can change the leg muscles activation patterns. The tri-
ceps surae muscle activation is associated to the foot strike pattern. The
gastrocnemius lateralis and medialis muscles showed more activation
in the barefoot condition with forefoot strike than with rearfoot strike
in any shoes condition.'7343>37 For the rearfoot strike,” the soleus and
gastrocnemius muscles showed a peak activity during the stance phase
and greater activity at the end of the swing phase. Bonacci et al.” showed
that for the barefoot running, these muscles were more active during
ankle plantar flexion. The increased ankle joint moment during forefoot
strike is associated with greater soleus, gastrocnemius lateralis and gas-
trocnemius medialis muscle activation. Soleus, gastrocnemius lateralis
and tibialis anterior muscles were less active during barefoot running.4°

The tibialis anterior muscle activation occurs during the foot strike.
This muscle was more active during running with shoes and rearfoot
strike."**This muscle is more active immediately before foot strike. Such
pre-activation maintains the plantar flexion at the end of the swing pha-
se and prepares the leg for impact. During impact, the tibialis anterior
muscle should be relaxed to release the forefoot ®

The knee extensor/flexor muscle activations depend on the inte-
raction between barefoot running and running phases. The activation
levels of vastus medialis and biceps femoral muscles have decreased in
barefoot running compared with shod running during foot strike and
propulsion phases.*° In the stance phase, the biceps femoris and rectus
femoris muscles showed no difference between footwear and barefoot
conditions3* Probably, such similarity was induced by not controlling
the foot strike pattern previously,** and biceps femoral activation might
respond more to foot strike pattern than shoe condition.

In general, this literature review and Hall et al.” have similar results. Hall
et al’ is a meta-analysis with 18 studies published from 1979 to 2013. Our
narrative review combines the results of 40 studies from 2013 to 2018. To
include various biomechanical studies about running with and without
shoes, we have decided not to do a meta-analysis. We believe the results we
have summarized will support the current and growing discussions about
running with or without shoes. Despite these different studies being described,
many biomechanical aspects of running with and without shoes were similar
between Hall et al.” and our review. Our review is an update for this subject.

CONCLUSION

This literature review showed important differences in the biomechanics
of running with and without shoes. Such differences should be understood
and considered in the decision-making process between running with
shoes or barefoot. Running barefoot might present lower impact forces, but
still has a high loading rate and high triceps surae muscle activation. More
studies about variables few explored, e.g. joint kinetics, should be carried
out to enhance the understanding of running with and without shoes.
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