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ABSTRACT

Minimal shoes may alter ankle kinematics while running. This study aimed to systematically
review studies investigating ankle kinematics in runners while wearing minimalist shoes versus
traditional shoes and barefoot. Four databases including PubMed (128 studies), Web of science
(224), Scopus (242 studies) and Embase (148 studies) were searched from inception to Aug 9,
2022. Two reviewers screened studies to identify studies reporting the effects of minimal shoes
on ankle kinematics during running. Eleven studies with a total of 203 (wearing minimal shoes)
participants and 18 controls (8 participants wearing minimal shoes without gait training and 10
wearing standard shoes) were included. The study design of the included studies were RCTs (2
studies), prospective study (1), cross-sectional study (5), and crossover (3). The Downs
and Black appraisal scale was applied to assess the quality of included studies. The results
showed that minimal shoe was capable of changing the kinematics of ankle while running.
Uncushioned minimal shoes decreased ankle dorsiflexion at initial contact and ankle
adduction, and increased plantarflexion moment, strike index, total ROM and joint excursion in
stance phase compared to traditional shoes. Standardizing shoes and speeds are needed for
reliable comparisons among studies. Because most studies examining the efficacy of minimal
shoes, had a low level of evidence, further studies providing valid and high-quality
evidence which include RCTs are required to support clinical practice in the use of minimal
shoes. Uncushioned minimal shoes are better replicating barefoot running. Therefore, it
is recommended for runners since they can change their foot strike pattern to mid-foot or
forefoot and consequently reduce peak impact force, resulting in preventing future
injuries especially in the knee.
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INTRODUCTION

Running has been the most popular sport worldwide [1]. People choose running to maintain and improve
cardiovascular-pulmonary health, body composition, overall fitness, and exercise capacity [2], as it is
low-cost and easily implemented [3]. Much research focused on constitutes of running performance
including anatomy, physiology and biomechanics [4,5].

Biomechanical factors have a major role in performance of recreational and competitive running [6] as
well as running related injuries (RRIS) [7]. Most body’s movements occur in the sagittal plane during
running. This is reflected by the relatively high force amplitudes in the vertical and the horizontal
direction [8,9]. Rearfoot strike which increases average vertical loading rate has been related to running
related injuries [10]. Lower limb tendinopathies (LLT) are a great part of RRIs [7]. A recent review
demonstrated that untrained runners are at higher risk of overuse injuries compared to experienced
recreational runners [11]. Some biomechanical risk factors are associated with overuse injuries including
increased hip internal rotation and adduction angle [12], knee adduction angle, and rearfoot eversion and
knee internal rotation [7,13]. These factors are possibly related to deficits in hip strength and endurance,
which may grow with training.

Running shoe manufacturers have noticed biomechanical aspects specifically [14]. Different shoes and
strike patterns produce different biomechanical characteristics that can affect injury risk. Running shoes
are mainly designed as light weight, minimal or traditional cushioned types [15]. The efficiency of
modern running shoes has been called into question, having a negative effect on foot function [16].
Moreover, unsafe ground and low or high temperatures restrict running barefoot. Minimalist footwear,
derived from barefoot running theory, has been applied to clinical, laboratory and sports fields [6,17-20].
These running practices have encouraged researchers to investigate the effects of running barefoot versus
in shoes on injury mechanisms, biomechanics and performance [21]. Minimal shoes are specified by low
heel-toe drop, decreased midsole stack height, great flexibility, and lighter weight [22] and do appear to
decrease patellofemoral joint loading compared to a neutral cushioned shoe [23], calf and Achilles tendon
loading may increase while wearing minimal shoes [24]. The 12-week gait retraining with minimalist
shoes transformed rearfoot strikers into forefoot strikers at a rate of 78% [25]. There are two types of
minimal shoes; cushioned shoes including Nike Free 3.0 and uncushioned including Vibram FiveFinger,
Leguano, Bikila Vibram. Uncushioned minimal shoes are better simulating barefoot running compared to
cushioned minimal shoes [26]. Squadrone and Gallozzi [27] found similar ankle angles at foot strike
during barefoot running and running with uncushioned minimalist shoes which were significantly
different from standard shoe running. Bonacci et al. [28] reported significant differences between
cushioned minimalist shoes with ultraflexible soles and barefoot condition in ankle dorsiflexion during
initial ground contact.

Although several studies have investigated the effect of minimalist shoes on ankle kinematics in runners,
there is a lack of a systematic review of this assessment. Therefore, this study aimed to systematically
review studies investigating ankle kinematics in runners while wearing minimalist shoes.

MATERIAL AND METHODS
This systematic review was conducted in accordance with the PERSIST guidelines for systematic review
[29].

Search strategy
Relevant studies were identified through 4 electronic databases: PubMed (128 studies), Web of Sciences
(224), Scopus (242 studies) and Embase (148 studies). The search was run on Aug 10 2022 to extract
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studies from inception to Aug 9, 2022. Key terms used in the search strategy were based on broad terms
and related synonyms targeting 4 categories:

#1 biomechanic* OR kinematic* OR acceleration OR velocity OR inversion OR eversion OR
dorsiflexion OR angle OR “plantar flexion” OR pronation OR supination OR flexion OR extension OR
“range of motion”

#2 shoe OR shoes OR footwear

#3 minimal OR minimalist OR minimalistic

#4 run OR runners OR runner OR running OR jog OR jogging

#1 AND #2 AND #3 AND #4

Reference lists from previous related systematic reviews on effect of minimalist shoes on kinematics of
ankle were hand searched to ensure identification of all relevant studies.

Eligibility Criteria

All searches were carried out independently using predetermined inclusion criteria and extraction forms.
Details on the titles read, abstracts read, full text articles. The inclusion criteria were: Runners, Level-3
evidence or higher, minimalistic shoes, ankle kinematics, and studies written in English. The exclusion
criteria were: Non-English studies, Non-runners, studies not assessing the effect of minimalist shoes,
studies not assessing the ankle kinematics.

Study selection

Two reviewers independently screened the title, abstract and full-text of studies (FK and SHM), in line
with the inclusion criteria. In any case of disagreements, a consensus was reached by discussion of 2
reviewers.

Quiality assessment

Two authors (FK and SHM) independently assessed the methodological quality of the included studies
using the modified Downs and Black checklist [30] The average score of eligible studies was 13.7 points
on the Downs and Black.

Data collection

One author (FK) extracted all relevant data from the included articles. To reduce any bias or errors in the
extraction of data, all data were verified by SHM. In this review, Ankle kinematics data were extracted.
Information from Participants, Sample size, study design, sex, age, height, mass, weekly running
time, intervention, task, tools were extracted from the included studies. The RevMan version 5.4 was used
to show the results of included studies using forest plots.

RESULTS

The main literature search yielded a total of 742 from which 341 items remained after duplicate
removal. 330 studies were excluded due to not meeting the inclusion criteria and 9 were included after
screening of titles and abstracts for further eligibility check [10,25,26,28,31-35]. Two studies added by
hand search [6,27]; totally 11 studies were included. Figure 1 shows the flow diagram, summarizing the
selection process and the number of studies excluded at each stage with reasons.
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Figure (1). Flow chart of study selection process

Study characteristics
Table 1 summarizes the characteristics of the

studies [10,26-28,31,33-35] and 2 RCTs [6,25] and one observational prospective study [32] assessing

the effect of minimalist shoes on ankle kinematics.

included studies. There were 8 cross-sectional
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Minimalist shoes

Three studies used Nike free [26,28,31] and 3 studies used Vibram [6,27,32] as minimalist shoes. One
study utilized Leguano uncushsioned minimalist shoes along with Nike [26]. One study used Asics
Piranha SP4 racing flat [34] while another study used a costume-designed shoes with cushions
removed [10]. The other study used Saucony Endorphin Racer 2 FLAT [35]. One study used INOV-8
Bare-XF 210 V2 [25].

Ten studies compared running wearing minimal shoes versus traditional shoe types [6,10,26-28,31-35].
Four studies compared running in minimal shoes against barefoot running [26-28,33]. Three studies
assessed minimal shoes versus uncushioned minimal shoes [26], minimal shoes along with gait
training [25], and maximal shoes [10].

Quality assessment

Eleven studies were assessed by the Downs and black scale [30]; Five studies scored 13 [10,25,33-35],
four studies scored 14 [27,28,31,32] and 2 studies scored 15 [6,26]. Any disparities in scoring were
rechecked by both authors. Table 2 shows the results of the quality assessment. The average score of
eligible studies was 13.7. All study outcomes were reported from more than 85% of the subjects initially
allocated to a treatment or control group.

Table 2. Studies quality assessment based on Downs and Black checklist

Item 1 2 3 5 6 7 10 11 12 16 18 20 21 22 25
50w 5. £ S5 Lo 2. 3 £ 5 w
ST 8 L5357 88 e ELge w pesofePes. 2
ESfg e28e £Ec 353S5g 882 5 gE8ESEGL P
<6< 5fg- BET TAL 0T L8Py
ha ® i a &Q"- a c © g = -§ 0 g ©
JoeT
Fuller et
al., 2016
1 [34] 1 1 1 2 1 1 1 0 0 1 1 1 1 0 1 13
Bonacci et
al,, 2013
2 [28] 1 1 1 2 1 1 1 0 0 1 1 1 1 1 1 14
Frederick
etal.,
3 2015 [33] 1 1 1 2 1 1 1 0 0 1 1 1 1 0 1 13
Yang Yang
et al. 2020
4 [25] 1 1 1 2 1 1 1 0 0 1 1 1 1 0 1 13
J)
Hannigan
etal.,
5 2019 [10] 1 1 1 2 1 1 1 0 0 1 1 1 1 0 1 13
J. D.
Willson et
al., 2014
6 [32] 1 1 1 2 1 1 1 0 0 1 1 1 1 1 1 14
C. Mc
Carthy et
al,, 2013
7 [6] 1 1 1 2 1 1 1 1 0 1 1 1 1 1 1 15
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K. H.Loiser
etal.,
8 2022 ([35] 1 1 1 2 1 1 0 1 0 1 1 1 1 0 1 13

R. Willy
and l.s.
Davis 2013
9 [31] 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 14

K.
Hollander

etal.,
10 2015 [26] 1 1 1 2 1 1 1 1 0 1 1 1 1 1 1 15

R.
Squadrone
and C.
Gallozzi
11 2009 [27] 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 14

Minimalist versus traditional

The results of studies investigating uncushioned and cushioned minimal shoes versus traditional shoes on
ankle kinematics are shown in Figure 2 and 3. Minimal shoes decreased dorsiflexion in landi ng and
increased total ROM and joint excursion (p < 0.05) [27].

After 12-week running in minimalistic shoes, plantarflexion increased while wearing minimalistic shoes
at foot-strike and toe-off versus pre-test (p <0.001, p <0.01) and control (p < 0.01, p < 0.05) [6]. A greater
ankle ROM in the absorptive phase of stance was observed wearing minimal shoes compared with pre-
test (p < 0.01) and controls (p < 0.001) [6].
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uncushioned minimal traditional Mean Difference Mean Difference

Study or Subgroup Mean sD Total _ Mean SD_Total v, Random, 95% CI v, Random, 95% CI
1.1.1 Sagittal plane ankle ROM (absorptive phase)
. MocCarthy 2013 277 1.9 ] 20.3 1 10 T40([6.01,8.749] —
1.1.2 Sagittal plane ankle ROM (support phase)
R. Squadrone 2009 k=) 4 g 29 3 ] -1.00 [-4.46, 2.456] e —
R. Squadrone 2009 28 4 a 1 a3 a .00 [3.54, 10.46] e E—
1.1.3 sagittal plane ankle angle (foot strike v2.2 m/s)
karsten Hollander 2014 869 612 346 11.14 416 35 -2.45[-4.90, 0.00] —t
1.1.4 sagittal plane ankle angle (foot strike v2.78 m/s)
karsten Hollander 2014 738 6149 346 11.33 4.24 35 -3.94 [[6.43, -1.45] I —
1.1.5 sagittal plane ankle angle (foot strike v3.33 m/s)
karsten Hollander 2014 6.4 6.8 35 11.85 412 35 -5.45[-8.08, -2.82] —t
1.1.6 peak sagittal plane ankle angle
Yang Yang 2020 16.58 3.38 a 16.92 4.78 ] -0.34 [-4.24, 3.56] I —
1.1.7 peak sagittal plane ankle angular wvelocity (initial contact)
Yang Yang 2020 267 83 B7.03 8 33277 103.51 9 -6494 14698, 17.10] *
1.1.8 peak plantarflexion ankle angular velocity
Yang Yang 2020 -213.37 44.05 g -245 BO.BS =] 31.63 [-18.39, 21.65] +
1.1.9 plantarflex angle at toe-off (rearfoot-strikers)
William Frederick 2015 -3n.9g 6.28 12 -27.77 6.28 18 -3.21 [-¥.28, 0.9E6] . e—
1.1.10 plantarflex angle at toe-off (non rear-foot strikers)
William Frederick 2015 -3214 6149 7 -26.4 6149 7 -5 74 [F12.22,0.74] I E—
1.1.11 plantarflex angle at initial contact (rearfoot strikers)
William Frederick 20145 -0.31 9.94 18 .74 9.94 18 -6.10 [-12.99, 0.39] I E—
1.1.12 plantarflexion at footstrike (non-rearfoot strikers)
William Frederick 20145 -9.98 291 7 -4.4 2.91 7 -5.98 [-8.63, -2.593] e —
1.1.13 sagittal plane ankle angle (15ms before touchdown)
R. Sqguadrone 2009 93 4 =] a7 a 3 6.00 [1.96, 10.44] e —
1.1.14 eversion at initial contact
J.J Hannigan 2013 077 2.46 20 014 2.81 20 0.63[1.01, 2.27] -
J.J. Hannigan 2019 077 246 20 075 209 20 0.02[-1.29,1.43] —
1.1.15 peak eversion
J.J. Hannigan 2019 -12.6 376 20 -10.76 3.7 20 -1.84 [-4.15, 0.47] —t
J.J. Hannigan 2019 -12.6 376 20 -12.27 3649 20 -0.33[2.64,1.98] ——
1.1.17 eversion excursion
J.J. Hannigan 2019 -13.38 394 20 -11.51 4549 20 -1.87 452, 0.78] —t
J.J. Hannigan 2013 -13.38 384 20 -12.43 472 20 -0.95 [-3.64,1.74] —
1.1.18 eversion at toe off
J.J. Hannigan 2013 1.56 4 66 20 0.49 4.51 20 1.07 F1.77,2.91] R e —
J.J. Hannigan 2019 1.96 4. .66 20 -1.15 4.63 20 271 017, 5.99] T
1.1.19 eversion duration
J.J.Hannigan 2019 87.43 11.54 20 88.66 10,45 20 -1.23 [-8.05, 5.949] —
J.J.Hannigan 2019 a7v.43 11.54 20 95.05 513 20 -FB2[-13.15, -2.09] e
1.1.20 dorsiflexion (initial contact)
. MoCarthy 20132 -8.4 2.4 ] -0.6 1.1 10 -¥.80 [F9.591, -6.09] —
J.J. Hannigan 2019 373 9.96 20 avrz 327 20 -4 .99 [-9.58, -0.40] I E—
J.J Hannigan 2013 373 9.96 20 1014 346 20 -6.41 [-11.03,-1.79] S —
Joel Fuller 2016 2.48 9.29 26 743 B.75 20 -4.97 [[9.61, -0.23] —_—t—
vang Yanhg 2020 -1.88 527 5 -4.73 478 =] 284 [1.97, T.65] —_—t
1.1.21 peak dorsiflexion
J.J. Hannigan 2019 2263 325 20 22.04 3.2 20 059 [-1.41, 2.59] -
J.J. Hannigan 2013 2263 3.259 20 2307 3458 20 -0.44 [-2.52,1.64] —
Joel Fuller 2016 21.96 3.38 20 20.98 3.44 20 0.93[-1.13, 3.09] -1
1.1.22 dorsiflexion EXxcursion
J.J. Hannigan 2019 18.9 5.34 20 13.32 3.2 20 9.598[1.67, 9.449] S E—
J.J.Hannigan 2019 18.9 8.34 20 12.93 3.03 20 597 [2.08, 9.86] I E—
1.1.23 dorsiflexion (toe off}
. MocCarthy 2013 -33.2 1.9 =] -231 3 10 -10.10[-12.34, -7.86] —
J.J. Hannigan 2013 -19.61 652 edi} -21.8 477 20 219 [1.35,673] B e —
J.J Hannigan 2013 -19.61 652 20 -19.99 5.54 20 0.38[3.37,4.13] —
Joel Fuller 2016 -22.25 349 20 -21.28 377 20 -0.87 [-3.25,1.91] —t1
1.1.24 peak dorsiflexion
. MoCarthy 20132 19.32 1.1 ] 19.7 0.9 10 -0.40[-1.21, 0.51] —+r
1.1.25 dorsiflexion (nonrearfoot strikers)
John Doowillson 2014 -11.6 6.9 =] -13.8 4.7 S 220411, 8.51] S L —
1.1.26 dorsiflexion (rearfoot-strikers)
John D.owillson 2014 13.1 3.1 ] 10.6 3 12 2450 [-0.14,5.14] Tt
t 1 1 b
-10 -5 a 5 10

uncushioned minimal traditional

Figure (2). Forest plot of the results of uncushioned minimal shoes versus traditional shoes on ankle kinematics
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cushioned minimal traditional Mean Difference Mean Difference

Study or Subgroup Mean SD  Total Mean SD Total IV, Random, 95% CI I, Random, 95% CI
2.4.1 sagittal plane ankle angle (footstrike v2.22 m/s)
karsten Hollander 2014 1166 488 35 1114 416 35 0.82 [-1.60, 2.64] ——

2.4.2 sagittal plane ankle angle (footstrike v2.78 m/s)
karsten Hollander 2014 1187 474 35 1133 424 35 0.24 [-1.87,2.39] —

2.4.3 sagittal plane ankle angle (footstrike v3.33 m/s)
karsten Hollander 2014 1046 523 35 1185 412 35 -1.29[-3.50 092 — 7T

2.4.4 dorsiflexion angle (foot strike min1)
Richard W WWilly 2014 1.56 0.27 14 1.44 022 14 0.12 [-0.06, 0.30]

2.4.5 dorsiflexion angle (foot strike min10)

Richard v willy 2014 1.64 033 14 1.6 0.26 14 0.08 014, 0.30]

2.4.6 peak dorsiflexion

Jason Bonacei 2012 26.09 31 22 633 193 22 -0.24[-2.01,1.83] —th—
Jason Bonacei 2012 26.09 31 22 2FA1 27 22 -1.42[314 0.30] —

2.4.7 sagittal plane ankle contact angle

Jagon Bonacci 2012 4.52 3.1 22 531 B4 22 -0.78[-5.67, 4.09] L E—
Jason Bonacei 2012 4.52 3.1 22 4325 B4A 22 027 [-4.64,518] D

2.4.8 plantarflexion (toe-off)

Jason Bonacci 2012 801 8.4 32 -500 83 22 -0.02 616, 437 —_—t—

Jason Bonacci 2012 601 84 22 477 95 22 -1.24 [6.54, 4.08] —_—t

2.4.9 peak adduction angle

Jason Bonacci 2012 837 28 22 -12.55 3 22 3.18[1.47, 4.89] ——

Jason Bonacci 2012 837 28 32 1102 23 22 1.BBL016, 3.47] ——
RIR: 0 g 10

cushioned minimal traditional

Figure (3). Forest plot of the results of cushioned minimal shoes versus traditional on ankle kinematics

In a study [10] peak eversion was increased in the minimal shoe (12.60 + 3.76°) compared to the
traditional shoe (10.76 + 3.70°). Dorsiflexion decreased at initial contact (3.73 £ 9.96°) compared to the
traditional shoe (10.14 + 3.46°) and dorsiflexion excursion was greater in the minimal shoe (18.90 *
8.34°) compared to the traditional shoe (12.93+3.03°).

In a study [26] ankle angle at foot strike during 3 different speeds, footwear conditions and running
velocity significantly (p < 0.001) changed, except for comparison of cushioned minimalist and standard
shoe conditions (p = 0.674). Wearing uncushioned minimalist running shoes decreased dorsiflexion
(3.78°) during foot landing compared to cushioned minimalist running.

In another study [31] Runners struck the ground with a more dorsiflexed foot (p = 0.025), and less
inclination (p = 0.048) and dorsiflexion (p = 0.035) at foot-strike wearing minimalist shoes.

In the study [33] plantarflexion increased with speed (p < 0.001). There was an interaction effect of speed
and shod condition for toe-off plantarflexion (p < 0.0001). In rearfoot strikers, toe-off plantarflexion was
greater when barefoot versus minimalist (p = 0.000) and greater in personal footwear versus minimalist
footwear (p = 0.05) and minimalist versus standard footwear (p = 0.05). In non-rearfoot strikers,
plantarflexion was greater in barefoot than minimal shoes (p = 0.05), and both were greater than
traditional shoes (various p < 0.05).

In a study [34] runners landed with a more plantar-flexed ankle at initial contact and in another study [32]
no changes in the ankle flexion angle at initial contact were observed in minimalist shoes compared to
conventional shoes.

In a study [10] wearing maximal shoes, eversion at toe-off was greater in the maximal shoe (1.15+4.63°)
compared to the minimal shoe (-1.56+4.66°). Eversion duration was greater in the maximal shoe (95.05 +
5.13%) compared to the minimal shoe (87.43 = 11.54%). In addition, dorsiflexion excursion was
greater in the minimal shoe (18.90+8.34°) versusmaximal shoe (13.32+3.20°)
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In a study [35] minimal exhibited smaller foot-ground angles (i.e., less rearfoot) than VP4 (super shoes)
and greater peak dorsiflexion in stance. Peak plantarflexion velocities in the late stance were greatest in
minimal. Ankle ROM in stance was greatest in minimal shoes.

Two studies compared Minimalist vs. participants' own shoes; In one study [35] minimal exhibited
smaller foot-ground angles (i.e., less rearfoot) than participant own shoes and greater peak dorsiflexion in
stance. Peak plantarflexion velocities in the late stance were greatest in minimal shoes. Ankle ROM in
stance was greatest in minimal shoes. In another study [33], toe-off plantarflexion in rearfoot strikers was
greater in personal footwear versus minimalist footwear (p = 0.05). Toe-off plantarflexion in non-rearfoot
strikers was greater in minimalist than personal shoes (p < 0.05)

In a study [28] running barefoot compared to regular shoes, the ankle joint was less dorsiflexed at initial
contact and more plantarflexed at toe-off (p < 0.001). Peak ankle dorsiflexion and adduction during stance
were reduced when barefoot and in the minimalist shoe compared to the racing flat and regular shoe (p= <
0.005 for dorsiflexion and p < 0.008 for adduction).

Minimalist versus barefoot

The results of studies investigating uncushioned and cushioned minimal shoes versus barefoot on ankle
kinematics are shown in Figure 4 and 5. Three studies compared minimalist vs. barefoot. In a study [26]
running barefoot reduced dorsiflexion compared to uncushioned and cushioned minimalist shoes.
In another study [33] toe-off plantarflexion in rearfoot strikers was greater when barefoot versus
minimalist (p = 0.04). Toe-off plantarflexion in non-rearfoot striking was greater in minimalist and
barefoot than personal condition (various p < 0.05) and in barefoot than minimal shoe (p = 0.05). In the
other study [28] when running barefoot the ankle joint was less dorsiflexed at initial contact and more
plantarflexed at toe-off compared with all shod conditions (p<0.001). A study [25] compared running
with Minimal shoes versus minimal shoes added with gait training. Foot-strike angle of the gait-training
(GR) group decreased by 10.3 ° after training (p = 0.015). The foot-strike angle of the GR group was
diff erent from that of the minimal (MIN) group in the post-test (p = 0.017). After training, the ankle angle
decreased by 4.6 ° (GR) and 2.5 ° (MIN) at touchdown.

uncushioned minimal barefoot Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV,Random,95% Cl IV, Random, 95% CI
6.5.1 sagittal plane ankle angle (foot strike v2.22 m/s)
Karsten Hollander 2014 864 G.12 35 G4 585 34 1.791.04, 4 62] -+

6.5.2 sagittal plane ankle angle (foot strike v2.78 m/s)
Karsten Hollander 2014 734 6.19 35 57 B.46 34 1.69[1.27, 4.65] L

6.5.3 sagittal plane ankle angle (foot strike v3.33 m/s)
Karsten Hollander 2014 .4 f.8 3\ 468 7I3 35 172187 401] N I

6.5.5 sagittal plane ankle angle (15ms before touchdown)
R. Squadrone 2009 93 4 8 94 ] 3 -1.00[F5.44 3.44] B

6.5.6 plantarflexion at to-off (rearfoot strikers)
William Frederick 2015 -30.98 474 18 -3353 474 18 155[-0.85, 565 Tt

6.5.16 plantarflexion at foot strike (non-rearfoot strikers)
William Frederick 2015 -8.18 1N 9 -11485 431 ] 337 067, 7.35] Tt

A0 5D 5 10
uncushioned minimal barefoot

Figure (4). Forest plot of the results of uncushioned minimal shoes versus barefoot on ankle kinematics
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cushioned minimal harefoot Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI
7.1.1 sagittal plane ankle angle (footstrike v2.22 m/s)
Karsten Hollander 2014 1166 4.88 35 69 595 35 476[2.21,7.31] —

7.1.2 sagittal plane ankle angle {footstrike v2.78 mJs)
karsten Hollander 2014 11687 474 34 AT B46 35 RAT[3.22 842 —t

7.1.3 sagittal plane ankle angle (footstrike v3.33 m/s)
Karsten Hollander 2014 10486 523 3 468 723 35 5.88[2.92 8.84] —

7.1.4 sagittal plane ankle contact angle
Jason Bonacei 2012 452 81 22 078 84 22 374114, 862 -t

7.1.5 peak dorsiflexion
Jason Bonacci 2012 452 8.1 22 078 84 22 374114, 867 O L —

7.1.6 plantarflexion (toe-off)
Jason Bonacei 2012 -6.01 8.4 22 1081 96 22 490[0.43,10.23) Tt

7.1.7 peak adduction angle

Jason Bonacei 2012 -9.37 2.8 22 497 24 22 0,33 F1.24,1.90 ——
A0 5 D 5 10
cushioned minimal  barefoot

Figure (5). Forest plot of the results of cushioned minimal shoes versus barefoot on ankle kinematics

DISCUSSION

We aimed to systematically review the effects of minimalist shoes on ankle kinematics in runners. Two
comparisons were done in the included studies: cushioned minimal shoes versus traditional shoes and
barefoot, and uncushioned minimal shoes versus traditional shoes and barefoot.

Our systematic review suggests some alterations in ankle dorsiflexion, plantarflexion, eversion, abduction
and ROM which may have positive effects on injury prevention. Most runners have a rear foot strike
pattern (RFS); however, barefoot runners contact the ground with mid-foot or forefoot, making the
absorption of collision forces with the ground to eliminate excessive pressure at the heel [18]. The
difference in strike patterns may be due to kinetic and kinematic changes in GRFs, loading rates, joint
moments and powers, joint ROM, muscle activation patterns, and running economy. These alterations
while barefoot or wearing minimalist shoes make avoidance against RRIs [36—38] and/or excel running
performance [39,40]. Evidence shows a forefoot strike pattern when barefoot, leading to a flatter foot
placement at contact [41] and more plantarflexion. Wearing the traditional cushioned shoes, runners
contact the ground with the heel [26] and the ankle is more dorsiflexed [27] which requires more work
from knee extensor muscles and could lead to knee injury risk [34]. Moreover, Stride length was longer
and stride frequency was lower [26,28]. As speed increases, relative step length increases faster in
personal and standard shoes than in minimalist or barefoot [33]. These spatiotemporal characteristics can
influence impact shock [42].

Cushioned minimal shoes versus traditional shoes and barefoot

Cushioned minimal shoes were less effective in decreasing dorsiflexion during foot landing in the study
by k. Hollander et al. [26] compared to standard shoes and more different from running barefoot [26][28].
Running kinematics for uncushioned minimalist shoes were more similar to barefoot running than
cushioned minimalist shoes [26]. Minimalist footwear cannot entirely replicate the mechanics of running
barefoot [28]. During barefoot running, ankle dorsiflexion angles and rate of rear-foot strikes were the
lowest and increased with augmented cushioning of footwear [26]. Less dorsiflexion decreases the
pressure underneath the heel [27] and may be an attempt to eliminate the discomfort associated with the
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large and rapid impact peak that occurs when rearfoot striking while barefoot [18]. The dynamics of
[42]running barefoot are different to that of running in a minimal shoe thatis cushioned and has an
elevated heel [28].

A study [10] reported a significantly greater eversion at toe-off in the maximal shoes versus traditional
shoe and minimal shoes. In other words, participants were still everted at toe-off in the maximal shoe,
while inverted at toe-off in the minimal shoes. This study also reported a greater eversion duration and
less dorsiflexion excursion in those who wore maximal shoes compared to those with minimal shoes. As a
greater eversion was reported as a potential risk factor for some RRIs [7], minimal shoes may have a
positive impact on reducing RRIs.

Uncushioned minimal shoes versus traditional shoes and barefoot

Uncushioned minimal shoes decreased ankle dorsiflexion at initial contact and ankle adduction and
increased plantarflexion moment, strike index, total ROM and joint excursion in stance phase compared
to traditional shoes. Moreover, gait training while in minimalist shoes decreased foot strike angle at initial
contact. The increase of ankle plantarflexion moment when running barefoot increases eccentric work of
the triceps surae muscles [43]. Ultimately, this could increase the risk of Achilles tendon injury and may
be a risk of running barefoot [44].

Biomechanics of running in minimalist shoes is more similar to that of barefoot. Studies reported
that barefoot running reduces ankle dorsiflexion at initial contact. This can decrease local pressure
under the heel [45]. In the shod condition, this local pressure is eliminated by cushioning through an
elevated heel, which enables runners to land with a dorsiflexed ankle [18]. Squadrone and Gallozzi [27]
reported that minimalist shoes increased the strike index and decreased the ankle angle at initial contact.
All included studies reported altered ankle kinematics in those with minimal shoes compared to
others except one study [32] which used minimal shoes modelBikila, Vibram USA, concord, and MA.

Limitations and recommendations for future studies

This study had several limitations. First, there is no evidence to investigate the long-lasting effects of
minimal shoes; the longest follow-up was 12 weeks. Second, only 2 RCTs [6,25] were included due to the
small sample size in some studies, further studies should include high-quality randomized control trials
with rigorous methodology (ie, a large number of participants, apply concealment of allocation of subjects
into their respective groups and adjust for confounding factors in the statistical analysis, optimizing the
reporting of studies) and assessing 3D kinematics not to miss angular values. Furthermore, extrapolating
the results to different types of minimalist shoes must be done cautiously, especially the uncushioned
ones without an elevated heel. Runners should not expect to instantly simulate barefoot running while in
minimal shoes.

CONCLUSION

Studies indicated changes in ankle kinematics in those who wear minimal shoes compared to those who
wear other shoes. Minimal shoes decreased ankle dorsiflexion at initial contact and increased
plantarflexion at toe off. Moreover, minimal shoes decreased ankle adduction and foot strike angle at
touch down and increased strike index and total ROM in stance. Standardizing shoes and speeds are
needed for reliable comparisons among studies. Because most studies examining the efficacy of minimal
shoes, had a low level of evidence, further studies providing valid, high-quality evidence which
include RCTs are required to support clinical practice in the use of minimal shoes. Uncushioned minimal
shoes are better replicating barefoot running. Therefore, it is recommended for runners since they can
change their foot strike pattern to mid-foot or forefoot and consequently reduce peak impact force,
resulting in preventing future injuries especially in the knee.
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