Journal of Science and Medicine in Sport 22 (2019) 348-352

Contents lists available at ScienceDirect

Journal of Science and Medicine in Sport

JSAMS

Journal of Science and Medicine in Sport

journal homepage: www.elsevier.com/locate/jsams

Original research

Check for
updates

Forearm wearable resistance effects on sprint kinematics and kinetics

Paul Macadam®*, Kim D. Simperingham?, John B. Cronin®"

3 Sports Performance Research Institute New Zealand (SPRINZ) at AUT Millennium, Auckland University of Technology, New Zealand
b School of Exercise, Biomedical and Health Sciences, Edith Cowan University, Australia

ARTICLE INFO ABSTRACT

Article history:

Received 5 October 2017

Received in revised form 17 July 2018
Accepted 16 August 2018

Available online 23 August 2018

Objectives: Arm swing is a distinctive characteristic of sprint-running with the arms working in a con-
tralateral manner with the legs to propel the body in a horizontal direction. The purpose of this study
was to determine the acute changes in kinematics and kinetics when wearable resistance (WR) of 1kg
(equivalent to ~1% body mass) was attached to each forearm during over ground short distance (20 m)
maximal sprint-running.

Design: Cross-sectional study.

Methods: Twenty-two male amateur rugby athletes (19.4 +0.5 years; 97.0 + 4.8 kg; 180.44 7.2 cm) vol-
unteered to participate in the study. Radar and Optojump were used to examine kinematic and kinetics
between WR and unloaded sprint-running conditions.

Keywords:
Limb loading
Movement specificity

Velocity
Kinematics Results: No significant (p <0.05) differences were found at 2 m or 5 m between conditions, however, the
Kinetics WR condition resulted in a significant increase in 10m, 20m and 10-20 m split time (all, ~2%, small

effect size) compared to the unloaded condition. Significant decreases were also found in theoretical
maximum velocity (Vo) (—1.4%, small effect size) and relative peak horizontal power production (Pmax)
(=5.5%, small effect size). Step length (2.1%, small effect size) and contact time (6.5%, medium effect
size) were significantly increased, while step frequency (—4.1%, small effect size) and flight time (—5.3%,
medium effect size) were significantly decreased.

Conclusions: WR forearm loading provides a movement specific overload of the arms which significantly

alters step kinematics and sprint times >10m.
© 2018 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Sprint ability is a key performance factor in many sport activities
such as track and field events, soccer and rugby.! Sprint perfor-
mance involves a large forward acceleration, which is directly
dependent on the capacity to generate and apply large amounts
of horizontal external force onto the ground.”? During sprint
acceleration, the orientation of ground reaction force (GRF) was
found to be a greater indicator of sprint performance than the
overall magnitude.®> Therefore, athletes that train with differing
body orientations, and thus force application techniques, may
exhibit different acceleration capabilities.* Understanding the spe-
cific mechanical determinants of sprint acceleration is pivotal for
practitioners in designing optimal training programs. Research
examining the most effective training methods for sprint accel-
eration are still being investigated. For example, resisted sprint
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training has been suggested as an effective training method for
improving sprint acceleration.” Based on the principle of train-
ing specificity, it follows that training modalities that replicate the
characteristics of a sporting action should be utilised leading to
optimal transference to the sporting action.” However, although
resisted sprint training is increasing in popularity, there is cur-
rently limited evidence supporting the choice of load placement
and magnitude for training application.®

Previous resisted sprint studies have utilised sleds® and wear-
able resistance (WR) attached to the trunk,” legs,® or ankle.? In
addition two WR studies have investigated the effects of upper limb
loading during sprint-running, such loading providing the focus of
this research. Previously, a 40 m over ground sprint was performed
with 0.5kg per arm weighted sleeves on 10 male recreationally
trained athletes from field based sporting clubs.' Participant’s
body mass was not reported, therefore the magnitude of this load as
a percentage of body mass (BM) is unknown. No significant differ-
ences were found between conditions in any performance measure
(maximum velocity, and 10 m and 40 m times).'° The authors pro-
posed that as no detrimental effects were found in performance,
the forearm loads may provide a suitable overload stimulus during
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speed training sessions without negatively impacting on technique
or performance. An earlier study on 24 male physical education stu-
dents used loads of 0.2 kg, 0.4 kg, and 0.6 kg (0.3-0.9% BM) lead rods
held in each hand during 30 m over the ground sprint-running.® No
acute effects were found in sprint performance until the heavier
loads (0.6 kg, 0.9% BM) were used, which resulted in a significant
1% decrease in velocity between the unloaded (UL) and hand-
held loaded sprint conditions during the maximum velocity phase.
Therefore, the magnitude of loads used in the aforementioned stud-
ies may not have been sufficient to significantly overload arm action
during the acceleration phase, and future research with heavier
loading is required.

Debate remains among coaches about the importance of arm
action during sprint-running. Bosch and Klomp'? suggested that
arm action during sprint-running has a greater function than
merely maintaining balance or compensating for the small distur-
bances in body posture. Moreover, it appears that arm drive seems
to be of less importance once an athlete reaches their maximum
velocity phase due to the more upright position of the body. Earlier
studies by Mann'® and Mann and Herman'# have suggested that
when body is upright during maximum velocity sprint-running the
arms serve more as a counter balance to the legs. Contrastingly, dur-
ing the start of the sprint, arm drive motion has been found to affect
lower limb kinematics,!> contributes 22% of the body’s total kinetic
energy when pushing from a block start sprint'® and relates to the
performance level of the sprinterina 100 mrace.!” When arm drive
motion was restricted by constraining scapular motion with tape,
step length (—4.6%) and whole body lean position (—3.9%) during
the first step was significantly decreased, subsequently reducing
sprinting speed (—3.2%).!8 It would seem that for the sprint start
and early acceleration phases at the very least, that finding training
methods to enhance arm drive may benefit sprint performance.

Bhowmick and Bhattacharyya?® suggested that the horizon-
tal component of the arm swing during acceleration may aid in
increasing step length and regulating leg movement during the
start of a sprint moreover, the importance of arm action has been
highlighted in studies where arm action was constrained during
running. Egbuonu et al.2! reported a 4% increase in the energetic
cost of treadmill running with the arms held behind the back, sim-
ilarly, running with the arms crossed in front of the chest resulted
in a significant increase (8%) in the net metabolic power demand
compared to running with arm swing.>> Moreover, running with-
out arm swing significantly increased step width variability (9%)
and step frequency (2.5%).22 Given the evidence presented there
would seem a case to investigate the effects of training methods
that specifically overload the arms during the activity of interest.
To these ends affixing WR to the arms during the sprint, would
seem one such method. No studies to date have investigated WR
arm loads in excess of 0.6 kg per arm. Therefore, given the limited
research into this area and the potential importance of arm action
during sprint acceleration, the purpose of this study was to deter-
mine the acute changes in kinematics and kinetics when WR of 1 kg
(~1% BM) was attached to each forearm during over ground short
distance maximal sprint-running.

2. Methods

A cross-sectional design was used to investigate the effects
on sprint kinematics and kinetics when WR was attached to
the forearms during sprint-running. Twenty-two male amateur
club or provincial age-group representative rugby union play-
ers (19.4+0.5years; 97.0 £+ 4.8 kg; 180.4+ 7.2 cm) volunteered to
participate in the study. Written informed consent was obtained
from the participants prior to their participation. The Institutional

Fig. 1. Wearable resistance forearm loads of 1 kg per arm.

Ethics Committee of Auckland University of Technology provided
approval for this study.

Participants wore Lila™ Exogen™ compression forearms
sleeves (Sportboleh Sdh Bhd, Malaysia) for the duration of the test-
ing session (Fig. 1). The Exogen™ exoskeleton sleeves enables loads
(with Velcro backing) of 0.05-0.2 kg to be attached in numerous
configurations. WR totalling ~2% BM was attached evenly around
the forearms with 1kg (~1% BM) on each forearm. WR of this
magnitude was chosen to provide a greater overload compared to
previously used loads (0.2-0.6 kg) in sprint-running studies.® 10

Participants performed maximum effort 20 m sprints with and
without WR on an indoor track. Participants performed a 15 min
standardised warm-up followed by four trials of a 20 m sprint, com-
prised of two repetitions under each conditions: (1) WR of 1kg
(~1% BM) per arm; (2) UL (i.e. 0% BM). The average data from the
two repetitions under each condition were used for analysis as this
method has been found to provide acceptable reliability in short
distance sprints.23> The order of the conditions was randomised
with a random number generator. Participants started from a split-
stance position with their preferred lead-foot on the starting line.
Each trial was separated by five minutes of passive rest.

Kinematic variables for flight and contact times, and step length
and frequency were recorded over the initial 5m of each sprint
with an Optojump system (Microgate, USA). Optojump detects any
interruptions in communication between two parallel bars and
calculates the duration to obtain kinematic variables.>* Instanta-
neous horizontal velocity data was collected (47 Hz) with a radar
device (Stalker ATS II, Applied Concepts, Dallas, TX, USA) positioned
directly behind the starting position and at a vertical height of 1 mto
approximately align with the participant’s centre of mass.2> All data
were collected using Stalker ATS system software (Model: Stalker
ATS Il Version 5.0.2.1, Applied Concepts, Dallas, TX, USA) supplied
by the radar device manufacturer. The general mechanical abil-
ity to produce horizontal external force during sprint-running is
portrayed by the linear force-velocity (F-v) relationship.626 The
mechanical capabilities of the lower limbs are characterised by
the variables: theoretical maximum velocity (Vy); theoretical max-
imum force (Fp) and peak power production (Pmax).2 A custom
made LabVIEW program (Version 13.0, National Instruments Corp.,
Austin, TX, USA) was developed to calculate the variables based
on the raw horizontal velocity data: Vg; Fo; Pmax; and sprint split
times (2, 5, 10 and 20 m). The methods of obtaining these variables
have been validated in previous research during maximal sprint-
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Table 1

Average sprint split times and kinematic variables achieved for both conditions. Means + standard deviation.

UL WR % difference Effect size p-Value

2m(s) 0.60+0.04 0.61+0.05 2.7 0.39 0.23
5m(s) 1.12+0.06 1.15+0.08 2.4 0.48 0.08
10m (s) 1.87+0.08 1.91+0.10 2.1 0.46 0.02
20m (s) 3.23+0.16 3.30+0.17 2.0 0.43 0.00
10-20m (s) 1.36+0.08 1.39+0.08 2.0 033 0.01°
Vo (m/s) 7.5+0.5 7.4+05 -14 -0.21 0.05
Flight time (ms) 0.050+0.008 0.053+0.014 -53 -0.22 0.01
Contact time (ms) 0.197 £0.018 0.211+0.017 6.5 0.73 0.00°
Step frequency (Hz) 4.03+0.25 3.86+0.24 -4.1 -0.67 0.00
Step length (m) 1.10+0.10 1.12+0.11 2.1 0.22 0.04

BM =body mass; UL=unloaded; WR = wearable resistance; Vj = theoretical maximum velocity.

" Significantly different from unloaded condition p < 0.05.

running.>2% A high level of reliability (coefficient of variation Vg
1.11% Pmax 1.87%, Fg 2.93%) for inter-individual comparisons was
found for each variable during over the ground sprint running.2%
Moreover, from previously unpublished piloting, the methods used
in this study are based on analysing a similar cohort where 40 m
sprints were collected and an exponential fit was performed on
this data. The trials were then cropped at 20 m, rerun with the
exponential fit, which resulted in a small difference between them
(Vo and relative Fy ~1.1-2.2%, relative Ppax ~0.4-0.6%, split times
~0.1-0.5%). Vo; Fo; Pmax are all reported relative to BM for the
unloaded condition and relative to BM plus added 2% BM WR load
for the WR condition.

Standard descriptive statistics (means and standard deviations)
were reported for all statistical comparisons. Normal distribution
was checked with Shapiro-Wilk’s test. Kinematic analysis of flight
and contact times, and step length and frequency was completed
on the average value from the first three steps representing the
start phase, obtained from the Optojump. Analysis of Vy, Fy, and
Pmax was completed over the 20 m sprint distance, obtained from
the radar. Statistical differences in kinematic and kinetic variables
across WR and UL conditions were determined using a paired t-test.
Statistical significance was set at an alpha level of p <0.05. Effect
size (ES) were described as trivial (<0.2), small (<0.21-0.5), medium
(0.51-0.79) and large (>0.8).27 ES was determined by calculating
the mean difference between groups, and then dividing the result
by the pooled standard deviation.?”

3. Results

The average sprint split times and kinematic variables achieved
for both conditions are shown in Table 1. No significant differ-
ences were found at 2 m or 5m between conditions, however, the
WR condition resulted in a significant increase in 10 m, 20 m and
10-20 m split times compared to the UL condition. Small effect sizes
were found for all split time variables of interest as well as Vo which
was significantly decreased (—1.4%) with the WR condition. WR
resulted in a significant decrease in flight time (—5.3%, small effect
size) and step frequency (—4.1%, medium effect size), while a sig-
nificant increase was found in contact time (6.5%, medium effect
size) and step length (2.1%, small effect size). Relative Pmax was
significantly reduced by 5.5% (small effect size) compared to the

UL condition (Table 2). A small non-significant (—4%) reduction in
relative Fy was also observed.

4. Discussion

The purpose of this study was to determine the acute changes in
kinematics and kinetics when WR of 1kg (~1% BM) was attached
to each forearm during over ground short distance maximal sprint-
running. The main findings were that WR resulted in significantly:
(1) longer 10m, 20m and 10-20m split times (all ~2%); (2)
decreased Vy, relative Ppay, flight time and step frequency; and,
(3) increased contact time and step length.

The aim of the start phase in sprint-running is to create the
greatest horizontal velocity of the centre of mass through the
athlete generating the greatest amount of impulse in the short-
est time.!6 Forearm WR provided a movement specific overload
resulting in small but statistically significant changes in the kinetic
and kinematic patterns. The WR condition resulted in split times
being significantly longer by ~2% at both 10 and 20 m. McNaughton
and Kelly'? found no significant changes in 10m and 40 m split
times with 0.5 kg loads, and a nominal change in maximum veloc-
ity (—0.5%) compared to the 1.4% (p=0.05) decrease found in this
study. No split times were reported by Ropret et al.,° however
maximum velocity was significantly reduced by 1% but only with
the heavier load (0.6 kg). The differential effects of WR may be
attributed to the magnitude of load used in each study, for exam-
ple, the greater load used in this study (1 kg per arm) compared to
0.5 kg'% and 0.2-0.6 kg,? with significant changes only found with
the heavier load (>0.6 kg). Although the load added was relatively
small (1 kg per arm), WR of this magnitude provided a sufficient
overload to significantly reduce flight time (—5.3%; ES=0.22) and
step frequency (—4.1%; ES = 0.73) during the start phase. In contrast,
Ropret et al.” found no change to stride frequency during sprinting
with lighter hand-held loading (0.2-0.6 kg). It would appear that
WR loads in the proximity of 1 kg per arm (totalling 2% BM) are the
required threshold needed to significantly overload flight time-step
frequency in young adult male athletes. The exact loading for other
populations such as youth or females needs to be determined.

As arm action may be an important aspect of sprint-running, an
increase in moment of inertia of the arms may alter the transfer
of momentum to and from the body in the arm swing.?8 From the

Table 2
Change in kinetic variables achieved for both conditions. Means + standard deviation.
UL WR % difference Effect size p-Value
Relative Fy (N/kg) 142+18 13.6+2.1 —-4.2 -0.34 0.17
Relative Pmax (W/kg) 26.5+3.7 25.0+4.1 -5.5 -0.39 0.05
Relative F-v profile (/kg) -1.91+03 -1.87+£0.3 -3.0 -0.21 0.39

BM =body mass; Fo =theoretical maximum force; F-v =force-velocity relationship; Pmax = peak power production; UL =unloaded; WR = wearable resistance.

" Significantly different from unloaded condition p < 0.05.
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increased contact time (6.5%) and step length (2.1%) it is proposed
that during the start phase the overloaded rotational motion of the
arm action may provide a horizontal stimulus. Findings from this
study are in agreement with an earlier proposal by Bhowmick and
BhattacharyyaZ® who suggested that the horizontal component of
the arm swing during acceleration may aid in increasing step length
and regulating leg movement during the start of a sprint. Slawinski
etal.'6 stated that all segments of the body contribute to translation
energy at the start phase of sprint-running, highlighting the impor-
tance of the arms during this phase. WR attached to the forearms
resulted in a longer step length. The initial increase in step length
may be comparable to the increase in propulsion force and jump
distance found in horizontal jump studies with hand-held loads.?®
Assignificant increase in the ratio of horizontal force occurred when
jumping with hand-held loads improving an athlete’s ability to
produce horizontal force during ground contact.?? As velocity is
a product of step length and step frequency,' the increase in step
length found in this study may be of interest for start phase training
due to a greater step length at take-off, however, further research
is required to explore this contention. To date, no other kinematic
variables have been reported in upper limb loaded sprint studies
limiting the comparisons to this study. Optimal WR loading should
provide a suitable overload stimulus for adaptation without neg-
atively affecting the sport action technique.’ As this is a novel
form of loading, responses may differ due to individual character-
istics (i.e. training backgrounds, arm action technique, upper body
strength) among subjects. The emergence of positive, neutral and
negative responders was found when analysing individual results
across a range of dependent variables in this analysis. This is high-
lighted in that although 16 subjects increased their step length with
forearm WR, 6 subjects decreased their step length.

There are some limitations that the reader should be cognisant
of. First the participants used in this study were young rugby ath-
letes (average age 19 years) and the effects of arm loading on
other populations (females, sprinters, greater training age, youth,
etc.) remain unknown. Second, further testing on a non-motorised
treadmill or using in-ground force platforms would improve under-
standing of the effects of WR on important kinetic values (i.e. Fg,
Pmax ). Third, this was the first time the participants had sprinted
with WR forearm loading, it may be possible that sprint tech-
nique may change after a familiarisation period. Future research
utilising three-dimensional motion analysis to quantify changes to
arm drive mechanics would be valuable. Fourth, due to the differ-
ence in body position from block starting compared to the upright
split stance position, research is required to investigate potential
differences between track and sport starting positions and subse-
quent acceleration phase transition. Finally, longitudinal research
is required to fully assess the effects of long term adaptation to WR
forearm loading on sprint-running performance.

5. Conclusions

The principle of specificity provides insight into how loading and
training stimuli can be applied to optimise transference to the activ-
ity/sport of interest. In this regard it is desirable that the contraction
forces, movement velocities, and technical demands simulate the
activity of interest. From this study loads in the proximity of 1kg
per limb were found to significantly increase contact time and step
length whilst decreasing flight time, step frequency, and horizon-
tal power. Even though the changes were statistically significant
the effects were deemed small or medium and so may be inter-
preted as appropriate loading to overload the sprint start i.e. not
major disruptions to technique. The small increases in step length
were interesting and were assumed to be the result of arm load-
ing resulting in similar ground reaction force magnitudes applied

over a longer contact time i.e. greater horizontal impulse. However,
whether such assumptions are correct would need force plates to
quantify the vertical as well as the horizontal ground reaction forces
used in tandem with motion capture to capture changes in joint
angle positions.

Practical implications

e Given the results we speculate that WR forearm loading pro-
vides a training means that may potentially improve arm drive
mechanics significantly overloading step frequency and ground
contact forces, however, further research is needed to verify such
a contention.

e Forearm WR causes an acute overload resulting in a small but
significant increase in sprint times for distances >10 m.

e During the start phase forearm WR can increase step length (2.1%)
which may be due to the longer ground contact time (6.5%) i.e.
potentially greater impulses.

Acknowledgements

The authors thank the athletes who volunteered as participants
in this study. Kim Simperingham received funding from Sportboleh
Sdh Bhd.

References

1. Barr MJ, Gabbett TJ, Newton RU et al. Effect of 8days of a hyper-
gravity condition on the sprinting speed and lower-body power
of elite rugby players. | Strength Cond Res 2015; 29(3):722-729.
http://dx.doi.org/10.1519/JSC.0000000000000669.

2. Rabita G, Dorel S, Slawinski ] et al. Sprint mechanics in world-class athletes: a
new insight into the limits of human locomotion. Scand J Med Sci Sports 2015;
25(5):583-594. http://dx.doi.org/10.1111/sms.12389.

3. MorinJ-B, Bourdin M, Edouard P et al. Mechanical determinants of 100-m sprint
running performance. Eur J Appl Physiol 2012; 112(11):3921-3930.

4. Cross MR, Brughelli ME, Brown S et al. Mechanical properties of sprinting in
elite rugby union and rugby league. Int | Sports Physiol Perf 2014; 10:695-702.
http://dx.doi.org/10.1123/ijspp.2014-0151.

5. Cronin ], Hansen KT. Resisted sprint training for the accelera-
tion phase of sprinting. ] Strength Cond Res 2006; 28(4):42-51.
http://dx.doi.org/10.1519/00126548-200608000-00006.

6. Cross MR, Brughelli M, Samozino P et al. Optimal loading for maximising power
during sled-resisted sprinting. Int | Sports Physiol Perf 2017; 25(5):583-594.
http://dx.doi.org/10.1123/ijspp.2016-0362.

7. Simperingham K, Cronin J. Changes in sprint kinematics and kinetics with upper
body loading and lower body loading using exogen exoskeletons: a pilot study.
J Aust Strength Cond 2014; 22(5):69-72.

8. Macadam P, Simperingham K, Cronin J. Acute kinematic and kinetic adapta-
tions to wearable resistance during sprint acceleration. J Strength Cond Res 2016;
31(5):1297-1304. http://dx.doi.org/10.1519/JSC.0000000000001596.

9. Ropret R, Kukolj M, Ugarkovic D et al. Effects of arm and leg loading on sprint
performance. Eur J Appl Physiol Occup Physiol 1998; 77(6):547-550.

10. McNaughton JM, Kelly VG. The effect of weighted sleeves on sprint performance.
J Aust Strength Cond 2010; 18(4):14-19.

12. Bosch F, Klomp R. Running: Biomechanics and Exercise Physiology in Practice,
Elsevier Churchill Livingstone, 2013.

13. MannR. Akineticanalysis of sprinting. Med Sci Sports Exerc 1981; 13(5):325-328.

14. Mann R, Herman J. Kinematic analysis of Olympic sprint performance: men’s
200 meters. ] Sport Biomech 1985; 1(15):151-162.

15. Lockie RG, Callaghan SJ, Jeffriess MD. Acceleration kinematics in cricketers:
implications for performance in the field. J Sports Sci Med 2014; 13(1):128.

16. Slawinski ], Bonnefoy A, Ontanon G et al. Segment-interaction in sprint start:
analysis of 3D angular velocity and kinetic energy in elite sprinters. | Biomech
2010; 43(8):1494-1502. http://dx.doi.org/10.1016/j.jbiomech.2010.01.044.

17. Slawinski ], Bonnefoy A, Levéque J-M et al. Kinematic and kinetic comparisons
of elite and well-trained sprinters during sprint start. J Strength Cond Res 2010;
24(4):896-905. http://dx.doi.org/10.1519/JSC.0b013e3181ad3448.

18. Otsuka M, Ito T, Honjo T et al. Scapula behavior associates with
fast sprinting in first accelerated running. SpringerPlus 2016; 5(1):682.
http://dx.doi.org/10.1186/s40064-016-2291-5.

20. Bhowmick S, Bhattacharyya A. Kinematic analysis of arm movements in sprint
start. ] Sports Med Phys Fitn 1988; 28(4):315-323.

21. Egbuonu M, Cavanagh P, Miller T. 100 degradation of running economy through
changes in running mechanics. Med Sci Sports Exerc 1990; 22(2):517.



dx.doi.org/10.1519/JSC.0000000000000669
dx.doi.org/10.1519/JSC.0000000000000669
dx.doi.org/10.1519/JSC.0000000000000669
dx.doi.org/10.1519/JSC.0000000000000669
dx.doi.org/10.1519/JSC.0000000000000669
dx.doi.org/10.1519/JSC.0000000000000669
dx.doi.org/10.1519/JSC.0000000000000669
dx.doi.org/10.1519/JSC.0000000000000669
dx.doi.org/10.1111/sms.12389
dx.doi.org/10.1111/sms.12389
dx.doi.org/10.1111/sms.12389
dx.doi.org/10.1111/sms.12389
dx.doi.org/10.1111/sms.12389
dx.doi.org/10.1111/sms.12389
dx.doi.org/10.1111/sms.12389
dx.doi.org/10.1111/sms.12389
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0015
dx.doi.org/10.1123/ijspp.2014-0151
dx.doi.org/10.1123/ijspp.2014-0151
dx.doi.org/10.1123/ijspp.2014-0151
dx.doi.org/10.1123/ijspp.2014-0151
dx.doi.org/10.1123/ijspp.2014-0151
dx.doi.org/10.1123/ijspp.2014-0151
dx.doi.org/10.1123/ijspp.2014-0151
dx.doi.org/10.1123/ijspp.2014-0151
dx.doi.org/10.1123/ijspp.2014-0151
dx.doi.org/10.1519/00126548-200608000-00006
dx.doi.org/10.1519/00126548-200608000-00006
dx.doi.org/10.1519/00126548-200608000-00006
dx.doi.org/10.1519/00126548-200608000-00006
dx.doi.org/10.1519/00126548-200608000-00006
dx.doi.org/10.1519/00126548-200608000-00006
dx.doi.org/10.1519/00126548-200608000-00006
dx.doi.org/10.1519/00126548-200608000-00006
dx.doi.org/10.1519/00126548-200608000-00006
dx.doi.org/10.1123/ijspp.2016-0362
dx.doi.org/10.1123/ijspp.2016-0362
dx.doi.org/10.1123/ijspp.2016-0362
dx.doi.org/10.1123/ijspp.2016-0362
dx.doi.org/10.1123/ijspp.2016-0362
dx.doi.org/10.1123/ijspp.2016-0362
dx.doi.org/10.1123/ijspp.2016-0362
dx.doi.org/10.1123/ijspp.2016-0362
dx.doi.org/10.1123/ijspp.2016-0362
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0035
dx.doi.org/10.1519/JSC.0000000000001596
dx.doi.org/10.1519/JSC.0000000000001596
dx.doi.org/10.1519/JSC.0000000000001596
dx.doi.org/10.1519/JSC.0000000000001596
dx.doi.org/10.1519/JSC.0000000000001596
dx.doi.org/10.1519/JSC.0000000000001596
dx.doi.org/10.1519/JSC.0000000000001596
dx.doi.org/10.1519/JSC.0000000000001596
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0070
dx.doi.org/10.1016/j.jbiomech.2010.01.044
dx.doi.org/10.1016/j.jbiomech.2010.01.044
dx.doi.org/10.1016/j.jbiomech.2010.01.044
dx.doi.org/10.1016/j.jbiomech.2010.01.044
dx.doi.org/10.1016/j.jbiomech.2010.01.044
dx.doi.org/10.1016/j.jbiomech.2010.01.044
dx.doi.org/10.1016/j.jbiomech.2010.01.044
dx.doi.org/10.1016/j.jbiomech.2010.01.044
dx.doi.org/10.1016/j.jbiomech.2010.01.044
dx.doi.org/10.1016/j.jbiomech.2010.01.044
dx.doi.org/10.1016/j.jbiomech.2010.01.044
dx.doi.org/10.1519/JSC.0b013e3181ad3448
dx.doi.org/10.1519/JSC.0b013e3181ad3448
dx.doi.org/10.1519/JSC.0b013e3181ad3448
dx.doi.org/10.1519/JSC.0b013e3181ad3448
dx.doi.org/10.1519/JSC.0b013e3181ad3448
dx.doi.org/10.1519/JSC.0b013e3181ad3448
dx.doi.org/10.1519/JSC.0b013e3181ad3448
dx.doi.org/10.1519/JSC.0b013e3181ad3448
dx.doi.org/10.1186/s40064-016-2291-5
dx.doi.org/10.1186/s40064-016-2291-5
dx.doi.org/10.1186/s40064-016-2291-5
dx.doi.org/10.1186/s40064-016-2291-5
dx.doi.org/10.1186/s40064-016-2291-5
dx.doi.org/10.1186/s40064-016-2291-5
dx.doi.org/10.1186/s40064-016-2291-5
dx.doi.org/10.1186/s40064-016-2291-5
dx.doi.org/10.1186/s40064-016-2291-5
dx.doi.org/10.1186/s40064-016-2291-5
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0095

352

22.

23.

24,

25.

26.

P. Macadam et al. / Journal of Science and Medicine in Sport 22 (2019) 348-352

Arellano (], Kram R. The effects of step width and arm swing on energetic
cost and lateral balance during running. | Biomech 2011; 44(7):1291-1295.
http://dx.doi.org/10.1016/j.jbiomech.2011.01.002.

Simperingham KD, Cronin JB, Pearson SN et al. Reliability of hor-
izontal force-velocity-power profiling during short sprint-running
accelerations using radar technology. Sports Biomech 2017; 10:1-12.
http://dx.doi.org/10.1080/14763141.2017.1386707.

Lussiana T, Herbert-Losier K, Mourot L. Effect of minimal shoes and slope on
vertical and leg stiffness during running. J Sport Health Sci 2015; 4(2):195-202.
http://dx.doi.org/10.1016/j.jshs.2013.09.004.

Morin]-B, Jeannin T, Chevallier B et al. Spring-mass model characteristics during
sprint running: correlation with performance and fatigue-induced changes. Int
J Sports Med 2006; 27(02):158-165. http://dx.doi.org/10.1055/s-2005-837569.
Samozino P, Rabita G, Dorel S et al. A simple method for measuring power, force,
velocity properties, and mechanical effectiveness in sprint running. Scand | Med
Sci Sports 2016; 26:648-658. http://dx.doi.org/10.1111/sms.12490.

27.

28.
29.

30.

Cohen ]. Statistical Power Analysis for the Behavioral Sciences, 2nd edn. Hillsdale,
New Jersey, Erlbaum, 1988.

Dintiman GB, Ward RD. Sports speed. Hum Kinet 2003.

Cronin J, Brughelli M, Gamble P et al. Acute kinematic and Kkinetic
augmentation in horizontal jump performance using haltere type
handheld loading. J Strength Cond Res 2014; 28(6):1559-1564.
http://dx.doi.org/10.1519/JSC.0000000000000312.

Macadam P, Cronin JB, Simperingham KD. The effects of wearable resistance
training on metabolic, kinematic and kinetic variables during walking, run-
ning, sprint running and jumping: a systematic review. Sports Med 2016;
47(5):887-906. http://dx.doi.org/10.1007/s40279-016-0622-x.



dx.doi.org/10.1016/j.jbiomech.2011.01.002
dx.doi.org/10.1016/j.jbiomech.2011.01.002
dx.doi.org/10.1016/j.jbiomech.2011.01.002
dx.doi.org/10.1016/j.jbiomech.2011.01.002
dx.doi.org/10.1016/j.jbiomech.2011.01.002
dx.doi.org/10.1016/j.jbiomech.2011.01.002
dx.doi.org/10.1016/j.jbiomech.2011.01.002
dx.doi.org/10.1016/j.jbiomech.2011.01.002
dx.doi.org/10.1016/j.jbiomech.2011.01.002
dx.doi.org/10.1016/j.jbiomech.2011.01.002
dx.doi.org/10.1016/j.jbiomech.2011.01.002
dx.doi.org/10.1080/14763141.2017.1386707
dx.doi.org/10.1080/14763141.2017.1386707
dx.doi.org/10.1080/14763141.2017.1386707
dx.doi.org/10.1080/14763141.2017.1386707
dx.doi.org/10.1080/14763141.2017.1386707
dx.doi.org/10.1080/14763141.2017.1386707
dx.doi.org/10.1080/14763141.2017.1386707
dx.doi.org/10.1080/14763141.2017.1386707
dx.doi.org/10.1080/14763141.2017.1386707
dx.doi.org/10.1016/j.jshs.2013.09.004
dx.doi.org/10.1016/j.jshs.2013.09.004
dx.doi.org/10.1016/j.jshs.2013.09.004
dx.doi.org/10.1016/j.jshs.2013.09.004
dx.doi.org/10.1016/j.jshs.2013.09.004
dx.doi.org/10.1016/j.jshs.2013.09.004
dx.doi.org/10.1016/j.jshs.2013.09.004
dx.doi.org/10.1016/j.jshs.2013.09.004
dx.doi.org/10.1016/j.jshs.2013.09.004
dx.doi.org/10.1016/j.jshs.2013.09.004
dx.doi.org/10.1016/j.jshs.2013.09.004
dx.doi.org/10.1055/s-2005-837569
dx.doi.org/10.1055/s-2005-837569
dx.doi.org/10.1055/s-2005-837569
dx.doi.org/10.1055/s-2005-837569
dx.doi.org/10.1055/s-2005-837569
dx.doi.org/10.1055/s-2005-837569
dx.doi.org/10.1055/s-2005-837569
dx.doi.org/10.1055/s-2005-837569
dx.doi.org/10.1055/s-2005-837569
dx.doi.org/10.1111/sms.12490
dx.doi.org/10.1111/sms.12490
dx.doi.org/10.1111/sms.12490
dx.doi.org/10.1111/sms.12490
dx.doi.org/10.1111/sms.12490
dx.doi.org/10.1111/sms.12490
dx.doi.org/10.1111/sms.12490
dx.doi.org/10.1111/sms.12490
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30566-8/sbref0130
dx.doi.org/10.1519/JSC.0000000000000312
dx.doi.org/10.1519/JSC.0000000000000312
dx.doi.org/10.1519/JSC.0000000000000312
dx.doi.org/10.1519/JSC.0000000000000312
dx.doi.org/10.1519/JSC.0000000000000312
dx.doi.org/10.1519/JSC.0000000000000312
dx.doi.org/10.1519/JSC.0000000000000312
dx.doi.org/10.1519/JSC.0000000000000312
dx.doi.org/10.1007/s40279-016-0622-x
dx.doi.org/10.1007/s40279-016-0622-x
dx.doi.org/10.1007/s40279-016-0622-x
dx.doi.org/10.1007/s40279-016-0622-x
dx.doi.org/10.1007/s40279-016-0622-x
dx.doi.org/10.1007/s40279-016-0622-x
dx.doi.org/10.1007/s40279-016-0622-x
dx.doi.org/10.1007/s40279-016-0622-x
dx.doi.org/10.1007/s40279-016-0622-x
dx.doi.org/10.1007/s40279-016-0622-x

	Forearm wearable resistance effects on sprint kinematics and kinetics
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	5 Conclusions
	Practical implications
	Acknowledgements
	References


