PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Chang F, Qian D, Zong S, Shen Y (2024)
The effect of different resistance and assistance
loads on 30-m sprint kinematics. PLoS ONE 19(3):
€0298517. https://doi.org/10.1371/journal.
pone.0298517

Editor: Michat Krzysztofik, Jerzy Kukuczka
Academy of Physical Education In Katowice:
Akademia Wychowania Fizycznego imienia Jerzego
Kukuczki w Katowicach, POLAND

Received: August 4, 2023
Accepted: January 26, 2024
Published: March 22, 2024

Copyright: © 2024 Chang et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting information
files.

Funding: The study is supported by the
Fundamental Research Funds for Central
Universities (Grant Number: 2021TD010). The
funders had no role in study design, data collection
and analysis, decision to publish, or preparation of
the manuscript.

RESEARCH ARTICLE

The effect of different resistance and
assistance loads on 30-m sprint kinematics

Fuzong Chang, Dexing Qian¢ *, Shouxin Zong, Yanfei Shen

School of Sports Engineering, Beijing Sport University, Beijing, China

* giandexing@bsu.edu.cn

Abstract

Resisted sprint and assisted sprint are the two main types of training methods used by ath-
letes in sprint training, so optimizing resisted sprint training and assisted sprint training pro-
cess is beneficial for improving athletes’ sprint performance. Kinematics is the most intuitive
parameter that reflects the quality of training during running process, and it is particularly
important to analyze the gait of athletes during resisted and assisted sprint process. There-
fore, this paper investigates the effects of resisted and assisted sprint on the sprint kinemat-
ics of sprinters in the first 30 meters to demonstrate the targeted effects of resisted and
assisted sprint training. The experimental results show that compared to the unloaded run-
ning, male collegiate sprinters increase their total step count, decrease their step length,
increase their step time, increase their contact time, whereas have almost no change in the
flight time when performing the 30-m resisted sprint. Male collegiate sprinters decrease their
total step count, increase their step length, increase their step time, decrease their contact
time and increase their flight time, when performing the 30-m assisted sprint. In addition, it is
found that resisted sprint training is beneficial for improving the athletes’ power and
explosiveness during the acceleration phase, thereby improving acceleration ability. How-
ever, prolonged and frequent resisted sprint training may reduce the step length and step
frequency of athletes. Assisted sprint training is beneficial for shortening the contact time of
athletes, improving their step length and flight time, and enabling them to overspeed,
thereby increasing their maximum speed ability.

Introduction

In various types of sports, the short distance sprint ability of athletes is a key factor in outper-
forming opponents to win a race, achieve great results or score goals [1, 2]. Resisted sprint and
assisted sprint are the two main types of training methods used to improve sprint ability [3, 4],
which provide appropriate interventions and loads for different aspects of the athlete muscular
development [5]. As for resisted sprint training, it can replicate the movement patterns of
sprinting, while improving muscle strength, peak force and muscle nerve recruitment through
horizontal resistance stimulation [6, 7]. As for assisted sprint training improves the athlete’s
speed and step length by providing overdrive conditions through assistance, allowing the
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muscles to adapt to faster speeds and longer step lengths, thereby improving the athlete’s maxi-
mum speed ability and developing good running posture [8]. Resisted sprint training is cur-
rently implemented in a number of ways, such as athletes running in equipment like weighted
vests and weighted sandbags [9], having athletes pull types or resistance umbrellas for sprint
training process [10], using elastic bands for others to pull backwards to provide resistance, and
using pulley systems [4]. There are also a number of different ways to achieve assistance train-
ing, including running downwind under certain weather conditions and downhill running on
certain surfaces [11], as well as assistance running, which is an important form of training
where the athlete is pulled forward by another person to provide forward assistance [4].

Analysis of the movements of athletes with different performance levels showed that elite
athletes have a lower torso angle and are more upright than average athletes during sprint pro-
cess. Wearing a resistance parachute and weighted vest can cause the athlete to lean forward
excessively during the sprint process, affecting the basic sprint movement pattern. However,
sleds and resistance training equipment can avoid the effect on the athlete’s trunk angle effec-
tively by placing load on the waist and below [10]. Resistance training aims to increase athletes’
running speed by overloading the muscles, which leads to greater neural activation and faster
recruitment of muscle fibers. During the resistance training process with load, it is expected to
potentially decrease the athlete’s running speed, step length, and step frequency. This reduc-
tion in running speed and step parameters is attributed to the added resistance that the mus-
cles have to overcome, resulting in a temporary decrease in performance during the training
session. However, over time, as the muscles adapt and become stronger, the athlete’s running
speed and step parameters are expected to improve, leading to enhanced performance. The
load applied to the athletes reduces the distance that they can move forward during the flight
phase, thereby reducing the athlete’s step length. In order to maintain the same movement pat-
tern and range of motion during the contact phase, the athletes need to generate more hori-
zontal force to counter the load, thereby increasing the contact time. The result of longer
ground contact time and almost constant flight time is a reduction in step frequency [12].

Research has shown that the overall trend of kinematic parameters during assisted sprint is
consistent with normal sprint during the ground contact phase. Assisted sprint does not alter
the technical structure of sprint movements and exhibits similarities to normal sprint tech-
niques. It creates neural adaptations in the athlete through over-speed sprint, making it an
effective specialized training method for sprint [8].

Currently, most research on resisted and assisted sprint training involves implementing
training interventions for athletes using tools such as resistance sleds, elastic bands, resistance
parachutes, and weighted vests. These studies primarily focus on assessing changes in athletes’
sprint times and performance, with the aim of evaluating post-activation performance
enhancement or longitudinal training effects [13-17]. The majority of these investigations
concentrate solely on changes over specific distances, without providing any insight into the
kinematics and biomechanics of the study. Some studies in the field of kinematics have found
that the time differences between regular sprints and resisted sprints are primarily attributed
to a decrease in step length and step frequency under resisted conditions [18]. In contrast,
assisted sprint requires less time to complete, with longer step lengths, extended flight times,
and shorter contact times under assistance conditions [19-21]. However, few studies explored
both the effects of resistance conditions and assistance conditions with different loads on
sprint kinematics. Assessing the acute effects of varied resistance and assistance loads on sprint
kinematics during sprint could be instrumental in devising tailored training programs aimed
at enhancing sprint technique and performance. Therefore, the aim of this study is to investi-
gate the effects of different resistance and assistance loads on the sprint kinematics of male col-
legiate sprinters during the 30-m sprint. It is hypothesized that resistance and assistance
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conditions have different effects on the total time, step length, step time, contact time, and
flight time in the 30-m sprint for male collegiate sprinters.

Materials and methods

Traditional training methods that load athletes by dragging weighted sleds, wearing weighted
vests, running uphill and downhill, and elastic band-assisted running are difficult to quantify
and replicate. In the study of sprint kinematics changes, the load must be precisely controlled
to ensure the feasibility of replicating the study [22]. With the development of sports technol-
ogy, digital training and testing systems, such as the 1080Sprint™ and DynaSpeed™, are now
used for sprint training [23-25]. They can provide constant resistance and assistance through-
out the entire sprint training by using motors to provide resistance or assistance. Jueying is a
digital training and testing system developed independently by Beijing Sport University, also
belongs to this category and allows athletes to perform resisted and assisted sprint training
with precisely controlled loads. The equipment works by attaching one end of a cord to the
roller of the equipment and the other end to a belt worn by the athlete. The roller is driven by a
servo motor, thereby providing precise and constant resistance. A high-speed camera (Z CAM
E2-M4, resolution 1080p, frame rate 240 fps) recorded the sprint videos. Sprint kinematics
were captured by analyzing the video frame by frame using Kinovea (v0.9.5) video analysis
software, which is a widely used tool for its precise and efficient motion analysis capabilities.

Ethical considerations and approvals

This study has obtained ethical approval with the approval number 2022235H, issued by Sports
Science Experiment Ethics Committee of Beijing Sport University.

Participants were provided with detailed information about the study and were asked to
give informed consent before participating in the study.

The principles of confidentiality and privacy protection are strictly observed.

Ongoing monitoring and review were be conducted to address any ethical issues that may
arise during the course of the study.

Experimental standards

In the case of resisted sprint, the selection of loads—3 kg, 7 kg, and 14 kg—derives from a
meticulous consideration of established principles. It has been proposed that 10% BW(Body
Weight) is the optimal resistance load for resisted sprint training, as this load has been shown
not to significantly affect sprint mechanics [7, 26]. This guideline is consistent with the utiliza-
tion of a 7 kg load in our study. Biomechanical research in resisted sprint suggests that employ-
ing a higher resistance load, such as 20% BW, can yield more substantial biomechanical data
[27]. providing justification for the inclusion of a 14 kg load in our study. Recognizing that
even loads equivalent to 10% BW are classified as high-intensity exercise, the incorporation of
a 3 kg load enables a comprehensive exploration of potential changes and facilitates a nuanced
understanding of the effects of varying resistance loads on athletes.

As for assisted sprint, we used loads of 7 kg, 9 kg, and 11 kg, different from the loads used
in resisted sprint. Previous studies on assisted sprint have used assistance loads of 3 kg, 4 kg, 5
kg [21] as well as 8 kg [22]. Since the athlete did not reach maximum speed during the 30 m
sprint, small assistance loads, such as 3 kg, may not have an observable effect on the kinematic
data. On the other hand, large assistance loads, such as 14 kg, could seriously disrupt the ath-
lete’s technical movement. To systematically explore the impact of progressively increasing
assistance, we selected larger assistance loads based on existing research. The loads of 7 kg,
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9 kg, and 11 kg establish a gradual progression, facilitating a comprehensive understanding of
the changes in kinematics under progressively increasing assistance conditions.

In each experiment, the Jueying equipment and high-speed camera are placed at the same
position and angle on the experimental site to ensure the minimization of errors in data acqui-
sition. The subjects selected a 20-minute warm-up before the experiment process, followed by
a 10-minute sprint warm-up led by the staff. The equipment operator repairs and calibrates
the equipment before starting the experiment process. The Jueying equipment provided resis-
tance load at 3 kg, 7 kg and 14 kg, and provided assistance load at 7 kg, 9 kg and 11 kg, and
obtained segmented and total time data. Kinovea software automatically captured the reflective
marker points with the help of manual calibration to obtain the subject’s segmented time, total
time, step length, step time, contact time and flight time for each step. Step length refers to the
distance between the two toe in contact at each step, contact time refers to the time between
the same toe coming into contact and the time the subject leaves the ground, flight time refers
to the time between the subject’s toe leaving the ground and the other toe touching the ground,
and step time refers to the sum of contact time and flight time.

Experimental process

University Institutional Review Board approval was obtained. Fourteen male collegiate sprint-
ers (age 21+2 years, weight 69.6+5.3 kg, height 179.1+4.1cm) with extensive training experi-
ence participated in this experiment. All subjects were national-level 2 athletes (with the times
between 10.8 and 11.74 seconds) in the 100-meter event. They had previous experience in
30-meter sprints as well as resistance and assistance training. Prior to the testing process, the
subjects were informed about the procedures and potential risks and provided their informed
consent. They wore consistent gym clothes and spiked shoes for each session. The subjects
were instructed to maintain good physical condition and avoid maximum load training within
48 hours before the testing process. The testing sessions for each subject had an interval of
more than 48 hours and were conducted at approximately the same time of day (+0.5 hour) in
the same testing environment to minimize the confounding effects of circadian rhythm
changes and environmental factors [28]. The study was conducted from January 3 to January
20, 2023.

Before each experiment, the subjects were briefed on the specific procedures, load require-
ments, movement essentials, and technical specifications. It was ensured that the apparatus
and equipment were properly used and free of any safety hazards. To reduce the risk of injury
to the posterior thigh muscles, knee joints, and ankle joints during resistance running, the sub-
jects performed a 20-minute self-selected warm-up followed by a 10-minute sprint warm-up
consisting of: jogging, butt kicks, high knees with sprint arm action, walking lunges, A skips,
leg swings, and dynamic stretches.

The experiment sessions were conducted in a random order for all subjects. The first exper-
iment involved an unloaded 30-meter sprint test, followed by a rest period of 6-8 minutes
before starting the next experiment. To avoid the post-activation effect of resistance training
[29], each resistance experiment used only one load on the subjects. The first experiment used
a resistance load of 3 kg, the second experiment used a resistance load of 7 kg, and the third
experiment used a resistance load of 14 kg. The assistance testing process, which was the fourth
experiment, involved testing the subjects with assistance loads of 7 kg, 9 kg, and 11 kg on the
same day, with a rest interval of 6-8 minutes between each test to prevent fatigue. For the assis-
tance experiments, the Jueying equipment was connected to the sprint belt worn by the sub-
jects using a hook and loop mechanism to provide assistance. The starting position for each
test was marked on the field, with marker barrels placed at the start line and at positions 5, 10,
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Fig 1. Jueying equipment for sprint experiments.

https://doi.org/10.1371/journal.pone.0298517.9001

15, 20, 25, and 30 meters from the start line. In the resistance testing process, the Jueying
equipment was positioned 10 meters behind the start line to provide resistance, and the partic-
ipants sprinted in the opposite direction. In the assistance testing process, the Jueying equip-
ment was placed 80 meters ahead of the start line to provide assistance, and the participants
sprinted towards the equipment.

The high-speed camera was fixed on a tripod positioned perpendicular to the runway,
approximately 15 meters away from a marked barrel at 25 meters. It was able to capture the
entire 30-meter distance in its lens, and each test was conducted from the same position and
angle. Reflective markers were applied to the hip, knee, ankle, and toe of the subjects on the
side facing the high-speed camera. The camera was synchronized with the Jueying equipment
and automatically recorded a video of the subject during each sprint.

Since the position of the high-speed camera was fixed on the tripod, a visual angle was cre-
ated for each marker barrel, resulting in a distance error [30]. When the subject was sprinting
within the view of the high-speed camera, if the hook and loop of the belt aligned with the pro-
jected line from the set marker barrel, it could be determined, based on the spatial geometry
law, that the subject was precisely at the position of each segment at that moment.

All subjects were instructed to start from a standing position with both feet behind the start-
ing line and the toes of the front foot pressed against the starting line, as shown in Fig 1.

Experimental data

Data processing is completed by using SPSS 26 (SPSS Inc., United States) software. In order to
compare the effects of different loading conditions on sprint time and gait parameters, paired
samples t-tests are performed and Cohen’s d values were calculated, which are the effect size
based on the Hopkins Modified Cohen Scale. The magnitude of the effect of different loads on
the data is evaluated by using Cohen’s d as an effect size. In this paper, Cohen’s d values less than
0.20 are considered very small, values in the range of 0.20-0.49 are considered small, values in
the range of 0.50-0.79 are considered medium, and values greater than 0.80 are considered large.
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Experimental results

The mean values (mean + SD) of the segmented time, total time, absolute variation, and rela-
tive variation of the sprint differed between loading conditions (Table 1). The sprint times for
the 0-30 meters segment in the 3 kg, 7 kg, and 14 kg resistance tests were 12.13%, 22.68%, and
43.08% slower, respectively, compared to the no-load test. In contrast, the sprint times for the
0-30 meters segment in the 7 kg, 9 kg, and 11 kg assistance tests were 8.06%, 9.74%, and
10.71% faster, respectively, compared to the no-load test. The relative differences in segmented
times were greatest in the 0-10 meters segment for the resistance conditions compared to the
no-load condition, while the greatest relative differences were observed in the 20-30 meters
segment for the assistance conditions compared to the no-load condition.

Furthermore, it was observed that the subjects took more steps to complete the 30-m sprint
under the resistance conditions compared to the no-load condition, whereas fewer steps were
taken under the assistance conditions. Due to the different loads and the differences in each
participant’s physical qualities, such as strength, sprint technique and step length, different
step sizes were produced over the 30-m distance. In order to conduct a cross-sectional analysis
of the effect of different loads on the participants’ step-by-step sprint kinematics, data from the
common first 14 steps were selected. Each variable examined was influenced to varying
degrees by the different loading conditions. The step length tended to increase with the num-
ber of steps for each load condition (as shown in Figs 2 and 3, respectively), step time showed a
tendency to decrease and stabilize (as shown in Figs 4 and 5, respectively), contact time tended
to decrease (as shown in Figs 6 and 7, respectively), and flight time tended to increase (as
shown in Figs 8 and 9, respectively). During the acceleration phase, the subject’s speed gradu-
ally increased, leading to a decrease in the horizontal force exerted and an increase in the verti-
cal force exerted. Consequently, the contact time gradually decreased, and the flight time
gradually increased. As the flight time and speed increased, the horizontal displacement of the
subject during the flight also increased, resulting in a gradual increase in step length. As illus-
trated in Figs 2 and 3, under the resistance conditions, the step length for each step after the
first step was shorter compared to the no-load condition. Conversely, under the assistance
conditions, the step length for each step after the first step was longer compared to the no-load

Table 1. Variation of segmentation time and total time under different load conditions.

Unload | Resistance Load: | Resistance Load: Resistance Load: Assistance Load: | Assistance Load: Assistance Load:
3kg 7kg 14kg 7kg 9kg 11kg
Durationof0 — 10meters 1.65 1.99+0.02 2.23+0.03 2.45+0.04 1.51+£0.02 1.50+0.02 1.49+0.02
(s) £0.02
Absolutevariationtime(s) 0.34+0.02 0.58+0.03 0.80+0.03 0.14+0.02 0.15%0.03 0.16+0.03
Relativevariationrate(%) 20.54+1.14 35.35+2.11 48.68+1.86 8.57+1.23 9.00+1.60 9.69+1.72
Durationof10 — 20meters 1.28 1.36+0.04 1.45+0.05 1.70+0.07 1.19+0.04 1.16+0.04 1.15+0.04
(s) +0.04
Absolutevariationtime(s) 0.08+0.03 0.17+0.05 0.43+0.05 0.08+0.03 0.11+0.04 0.12+0.05
Relativevariationrate(%) 6.42+2.28 13.67+3.72 33.80+4.21 6.421+2.04 8.82+2.70 9.43+3.58
Dumtionof20 — 30meters 1.20 1.28+0.04 1.38+0.05 1.69+0.07 1.09+0.05 1.06£0.04 1.04+0.04
(s) +0.03
Absolutevariationtime(s) 0.08+0.03 0.18+£0.05 0.50+0.06 0.11+£0.04 0.14+0.04 0.15+0.04
Relativevariationrate(%) 6.71£2.97 14.95+4.29 41.88+4.76 9.06+3.44 11.68+2.88 12.88+3.35
Dumtiono_ﬂ) — 30meters 4.12 4.72+0.08 5.06+0.12 5.90£0.17 3.79+0.10 3.72+0.10 3.68+0.08
(s) +0.09
Absolutevariationtime(s) 0.6+0.06 0.94+0.12 1.78+0.13 0.33+0.08 0.40+0.09 0.44+0.09
Relativevariationrate(%) 12.13£1.70 22.68+2.99 43.08+3.20 8.06+1.93 9.74+2.16 10.71£2.67

https://doi.org/10.1371/journal.pone.0298517.t001

PLOS ONE | https://doi.org/10.1371/journal.pone.0298517 March 22, 2024 6/15


https://doi.org/10.1371/journal.pone.0298517.t001
https://doi.org/10.1371/journal.pone.0298517

PLOS ONE The effect of resistance sprint and assistance sprint on sprint kinematics

0123 456 78 9101112131415
——0kg ——3kg ——7kg —=— l4kg
Fig 2. The effect of different resistance loads on step length.
https://doi.org/10.1371/journal.pone.0298517.g002

condition. The step length for each load condition differed significantly from the no-load con-
dition (p<0.001). The effect sizes of the resistance conditions of 3 kg, 7 kg, and 14 kg on step
length were small, moderate, and large (Cohen’s d = 0.19, 0.59, and 1.19), respectively. Simi-
larly, the effect sizes of the 7 kg, 9 kg, and 11 kg assistance conditions on step length were mod-
erate, large, and large (Cohen’s d = 0.68, 0.80, 0.96), respectively. As the resistance load
increased, the subject’s displacement velocity during the flight phase decreased, resulting in a
reduction in step length.

As shown in Figs 4 and 5, there is a tendency for the step time to decrease and then stabilize
during the acceleration phase of the start, accompanied by a decrease and stabilization in step

2.51
2.4
23
22
2.1

/-\20'

step length(m

e e el e e el e e
S =N WAk A JX\O
oo il g o oy g g g S e

1 23 456 7 8 9101112131415
——0kg ——7kg —a—9kg —=—11kg

(=]

Fig 3. The effect of different assistance loads on step length.
https://doi.org/10.1371/journal.pone.0298517.g003
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step time(s)
o
[N}
N
1

T T T T T T T T T T T T T 1
01 23 45 6 7 8 9101112131415
3kg +— Tkg 14kg

Fig 4. The effect of different resistance loads on step time.

https://doi.org/10.1371/journal.pone.0298517.g004

frequency. Both the resistance and assistance conditions result in an increase in step time of the
subjects, and except for the 14 kg resistance condition, there is no significant difference in step
time between the resistance and assistance condition groups. The step times under each load
condition are significantly different from the step times under no-load conditions (p <0.001).
The effect of the 3 kg, 7 kg, and 14 kg resistance conditions on step time is moderate, moderate,
and large, respectively (Cohen’s d = 0.65, 0.71, and 1.18). The assistance conditions of 7 kg, 9
kg, and 11 kg all have a large effect on step time (Cohen’s d = 1.06, 0.82, 1.11). The increase in
step time under resistance conditions is mainly due to an increase in contact time, while the
increase in step time under assistance conditions is mainly due to an increase in flight time.

0.27
0.26

0.25

step time(s)
o
[N}
N
1

T T T T T T T T T T T T T 1
01 23 45 6 7 8 9101112131415
Okg +— Tkg +— Okg 11kg

Fig 5. The effect of different assistance loads on step time.

https://doi.org/10.1371/journal.pone.0298517.9005
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01 23 45 6 7 8 9101112131415
3kg +— Tkg 14kg

Fig 6. The effect of different resistance loads on contact time.

https://doi.org/10.1371/journal.pone.0298517.g006

As shown in Figs 6 and 7, under the resisted condition, the subjects have longer contact
times at each step than under the unloaded condition. Starting from step 4, the higher the
load, the longer the contact time will be. However, under the assistance condition, the subjects
have shorter contact times at each step after step 2 than under the unloaded condition. The
effects of the resistance conditions of 3 kg, 7 kg, and 14 kg on contact time is small, small, and
moderate (Cohen’s d = 0.24, 0.39, and 0.66), respectively. The effects of the assistance condi-
tions of 7 kg, 9 kg and 11 kg on contact time are all small (Cohen’s d = 0.43, 0.48, 0.44). Under
the resistance condition, the subjects needed to generate greater horizontal force and longer
contact time to perform a sprint run against the load [10]. While under the assistance

0.20
0.19
0183 4
0.17 3
0.16
£0.15
20.14
§ 0.13

0.12 ] N,

] =
0.11 4
0.10 4 ’N\%S'*";l:i
0.09 ] T T T T T T T T T T T T T T 1
01 23 45 6 7 8 9101112131415
Okg +— Tkg +— Okg 11kg

Fig 7. The effect of different assistance loads on contact time.

https://doi.org/10.1371/journal.pone.0298517.g007

PLOS ONE | https://doi.org/10.1371/journal.pone.0298517 March 22, 2024 9/15


https://doi.org/10.1371/journal.pone.0298517.g006
https://doi.org/10.1371/journal.pone.0298517.g007
https://doi.org/10.1371/journal.pone.0298517

PLOS ONE

The effect of resistance sprint and assistance sprint on sprint kinematics

flight time(s)

T T T T T T T T 1
7 8 9 10111213 14 15
kg +— Tkg 14kg

T T T T
01 23 435
Okg .

W O\ o

Fig 8. The effect of different resistance loads on flight time.
https://doi.org/10.1371/journal.pone.0298517.g008

condition, the assistance force gives subjects the conditions to overspeed and complete the
sprint acceleration within a shorter contact time.

As shown in Figs 8 and 9, under the resistance condition, there is a minimal difference in
flight time for each step compared to the unloaded condition. In contrast, under the assistance
condition, the flight time for each step is greater than the flight time under the unloaded condi-
tion. The flight times of the 3 kg and 7 kg resistance conditions do not show significant differ-
ences compared to the unloaded condition (p = 0.873, 0.141), while the flight time of the 14 kg
resistance condition shows a significant difference but with a small effect (p = 0.006, Cohen’s
d =0.25). The flight times of the 7 kg, 9 kg, and 11 kg assistance conditions all show significant

0.14 1
0.13

—b<
/,-é:j';;

=

0.12 3

0.114

N

T T T T T T T T T T T T T 1
01 23 45 6 7 8 9101112131415
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Fig 9. The effect of different assistance loads on flight time.
https://doi.org/10.1371/journal.pone.0298517.g009
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Table 2. Effects of different load conditions on sprint kinematics.

Resistance Load: 3kg | Resistance Load: 7kg | Resistance Load: 14kg

Steplength p<0.001,Cohen’s p<0.001,Cohen’s p<0.001,Cohen’s
d=0.19 d=0.59 d=1.19

Steptime p <0.001,Cohen’s p <0.001,Cohen’s p <0.001,Cohen’s
d=0.65 d=0.71 d=1.18

Contacttime p<0.001,Cohen’s p<0.001,Cohen’s p<0.001,Cohen’s
d=0.24 d=0.39 d=0.66

Flighttime p=0.873 p=0.141 p = 0.006,Cohen’s
d=0.25

https://doi.org/10.1371/journal.pone.0298517.t1002

Assistance Load: 7kg

p<0.001,Cohen’s
d=0.68

p <0.001,Cohen’s
d=1.06
p<0.001,Cohen’s
d=0.43

p<0.001,Cohen’s
d=1.12

Assistance Load: 9kg

p<0.001,Cohen’s
d=0.80

p <0.001,Cohen’s
d=10.82
p<0.001,Cohen’s
d=0.48

p<0.001,Cohen’s
d=1.16

Assistance Load: 11kg

p<0.001,Cohen’s
d=0.96

p <0.001,Cohen’s
d=1.11
p<0.001,Cohen’s
d=0.44

p<0.001,Cohen’s
d=1.32

differences compared to the unloaded condition and have a large effect (p<0.001, Cohen’s
d=1.12, 1.16, 1.32). Both the resistance condition and the assistance condition with a given
load have a small impact on the subjects’ technical movements in sprint. Under the resistance
condition, the subjects generate greater horizontal force and have longer ground contact time
to complete the acceleration, stimulating the muscles to generate sufficient force to sustain the
flight phase. Under the assistance condition, due to an increased step length, the subjects need
to adjust to a longer flight time to maintain sprint technique (contact position below the

body’s center of gravity).

Different resistance and assistance loads have different degrees of influence on sprinting

kinematics (Table 2).

Discussion

Resistance running and assistance running are the two main types of training methods used in

sprint. Kinematics is a visual representation of an athlete’s performance during running, there-
fore, it is crucial to study the effects of these training methods on sprinters’ kinematic data, tak-
ing into account not only time variations, but also focusing on changes in gait.

The results of the study demonstrate that most kinematics are influenced by resistance and
assistance training, with the exception of the 3 kg and 7 kg resistance conditions, where no sig-
nificant differences were observed compared to the unloaded condition. Notably, flight time
showed a significant but small difference in the 14 kg resistance sprint condition compared to
the unloaded condition. Analysis of the subjects’ kinematics under the resistance condition
reveals that different load conditions have similar effects on step length, step time, and contact
time. The magnitude of change in these gait data increases with the increasing load. However,
the subjects’ flight times were not significantly affected by the resistance condition.

The findings suggest that under resistance loading, the lower limbs generate greater counter
ground forces and longer contact times to maintain similar technical movements and flight
times as in normal sprint conditions. Prior research suggests that when selecting resistance
loads, the goal should be to reduce the athlete’s maximal velocity while minimizing the impact
on sprint technique [31]. It is therefore necessary to test athletes’ maximal velocities under dif-
ferent resistance conditions to determine appropriate training loads [10, 26, 32, 33]. This

approach ensures that the training load is optimized for effective results.

The analysis of the subjects’ gait parameters under the assistance conditions revealed that
different loading conditions have similar effects on all kinematic parameters. However, the dif-
ferences between the groups were not significant. This lack of significance may be attributed to
the subjects’ active adjustments during the assistance-overdrive sprint to maintain body coor-
dination, which limits their ability to achieve longer step lengths, shorter contact times, and
longer flight times. Long-term systematic assistance training may enable athletes to learn
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necessary adjustments during the assisted sprint, allowing them to adapt to the overspeed con-
dition. This adaptation can lead to an increase in step length while maintaining step frequency
and an increase in flight time while reducing contact time [4]. Consequently, athletes can
adjust their limbs during flight phase to minimize braking during the contact phase.

The analysis revealed that both the resistance and assistance conditions led to an increase in
the subjects’ step time. Furthermore, the analysis of contact time and flight time indicated that
the increase in step time under the resistance condition was primarily attributed to a signifi-
cant increase in contact time, while the increase in step time under the assistance condition
was primarily due to a significant increase in flight time. Consequently, the observed increase
in 30-meter sprint time under the resistance condition can be attributed to a reduction in step
length and an increase in step time. Conversely, the decrease in 30-meter sprint time under
the assistance condition is a result of a significant increase in step length.

In summary, different loads result in variations in athletes’ kinematic parameters during
sprint. The choice of load can significantly impact parameters such as step length, step time,
contact time, and flight time. The magnitude of these changes may increase with heavier loads.
Heavier resistance loads can temporarily reduce an athlete’s running speed, step length, and
step frequency during training sessions. Over time, as athletes adapt to the loads, their perfor-
mance is expected to improve. In contrast, lighter loads may not significantly affect an athlete’s
strength and technique, but may help to translate the training effects of heavier loads into the
ability to sprint unloaded. In assisted sprint, the use of different loads can affect athletes’ ability
to maintain coordination and body posture. Assistance loads may require active adjustments
from athletes to maintain technical movements. It is expected that long-term systematic assis-
tance training enables adaptation to overspeed conditions, influencing step length, contact
time, and flight time.

There are several limitations to this study. Firstly, the sample consisted only of males
among college sprinters, which may limit the generalizability of sprint kinematics to different
populations. Future research may benefit from a broader study involving participants of differ-
ent genders and different sports. Additionally, in order to gain a more comprehensive under-
standing of athletes’ sprint ability, longitudinal studies are recommended to explore the
combined effects of long-term systematic resistance and assistance training on sprint
performance.

Conclusion

The results of the study showed that compared to unloaded running, male collegiate sprinters
increased their total steps count, decreased their step length, increased their step time,
increased their contact time, and had little change in flight time when performing a 30-meter
resisted sprint. Conversely, they decreased their total steps count, increased their step length,
increased their step time, decreased their contact time, and increased their flight time when
performing a 30-meter assisted sprint. The increase in 30-meter sprint time under resistance
conditions was mainly due to a decrease in step length and an increase in step time, whereas
the decrease in 30-meter sprint time under assistance conditions was due to a significant
increase in step length. In addition, sprint kinematics were found to be more affected by the
resisted sprint, with greater changes observed with increasing load. Under assistance condi-
tions, there was no significant difference in the change of gait. Resistance sprint training can
be used to increase the strength and explosive power of athletes during the initial phase,
thereby improving their acceleration ability. However, it is important to note that long-term
and high-frequency resisted sprint training may lead to a reduction in step length and step fre-
quency in athletes. On the other hand, assisted sprint training can help reduce athletes” contact
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time, improve their step length and flight capacity, and enable them to exceed their speed lim-
its, thereby increasing their maximal speed capability.
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