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Abstract

Background. Soccer is one of the most popular sports worldwide, including among amateur players. However, many
training programs still rely on traditional methods that separate physical conditioning, technical skills, and tactical
drills, limiting their effectiveness. The limited research on holistic training approaches, especially regarding lower
limb strength evaluation, underscores the need for training interventions based on physiological principles.
Objectives. This study aimed to examine the effectiveness of Repeated Sprint Training (RST) in enhancing lower limb
strength in amateur soccer players.

Materials and methods. Thirty-six amateur soccer players with an average age of 20 years were randomly assigned to
either the intervention group (RST) or the control group (CTRL). The training program lasted four weeks, with three
sessions per week. Lower limb strength was assessed using the body weight squat test and the Nordic hamstring curl
test. Data analysis included the Shapiro-Wilk test, Paired t-test, and Independent t-test, conducted using SPSS 29.0.
Results. The RST group showed a significant improvement in performance on the body weight squat test (pre-test:
66 * 8.60; post-test: 76 + 6.84, p < 0.001) and the Nordic hamstring curl test (pre-test: 4 + 1.18; post-test: 7 + 1.41,

p < 0.001). Meanwhile, in the control group, no substantial improvements were observed.

Conclusions. This study concludes that Repeated Sprint Training effectively enhances lower limb strength,
particularly in the hamstring muscles. The findings of this study not only contribute to a deeper understanding

of soccer player training, but also have implications for the broader field of sports science. This training method

can be a practical approach to improving performance and preventing injuries in amateur soccer players, and its
effectiveness could potentially be applied to other sports and athletic training programs.

Keywords: repeated sprint training, lower limb strength, amateur soccer players.

Introduction improving physical conditioning, technical skills, and tactics,
limiting their effectiveness in enhancing player performance.
Therefore, a holistic training approach is needed to optimize
amateur players’ physical development and skill acquisition
(Kusuma et al., 2024). Despite this, in-depth research on
training methods that precisely measure lower limb strength
is still lacking. The importance of these physiological
assessments, including muscle strength response, ensures that
training objectives are effectively met and prevent injuries,
which are common among soccer players.

A common issue experienced by soccer players, both
amateur and professional, is hamstring injuries (Al Attar &
Husain, 2023; Rosado-Portillo et al., 2021). These injuries
frequently occur when players perform sprinting and rapid

(@ EECT'\(;lVS directional changes. Hamstring injuries often result in pro-

The advancement of soccer has made it one of the most
popular sports across various levels, including amateur players
(Griffin et al., 2020; Woods et al., 2023). The number of soccer
enthusiasts continues to grow, reflecting the high public
interest in the sport (Buyrukoglu et al., 2023; van Haaften,
2019). However, in the training process, many coaches and
sports practitioners still implement traditional training
models, especially for amateur players (Bozkurt, 2018; Errama
et al., 2024). These training models often focus on separately
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longed absences and increase the risk of re-injury if proper
rehabilitation and muscle strengthening are not conducted
(Al Attar & Husain, 2023; Javier Raya-Gonzalez Luis Suarez-
Arrones & Villarreal, 2021). Amateur players tend to have a
higher risk of hamstring injuries than professionals due to a
lack of structured physical training programs and limited in-
jury recovery protocols (Zhou, 2022). Previous studies Madi-
son et al. (2019) and van der Horst et al. (2015) have shown
that hamstring muscle weakness is a key risk factor for soc-
cer players. Amateur players frequently experience hamstring
injuries during high-intensity training sessions or matches,
where muscle fatigue becomes a primary trigger (Huygaerts
et al., 2020). Therefore, training programs that focus on
strengthening the lower limbs and hamstrings are crucial for
reducing injury risk and improving player performance (Al
Attar & Husain, 2023; Chebbi et al., 2022). In the current
scenario, soccer training requires a speed-strength-based pro-
gram incorporating eccentric exercises (Alarcon et al., 2021).

This study aims to examine the effectiveness of a
training program based on Repeated Sprint Training (RST)
in enhancing lower limb strength in amateur soccer players.
RST is a training approach that emphasizes repeated short
sprints with brief recovery periods, which are expected
to improve hamstring strength and optimize player
performance during matches. The findings of this study are
expected to contribute valuable insights for coaches and
sports practitioners in designing more effective training
programs for amateur soccer players.

Materials and Methods

Study Participants

This study involved 36 amateur soccer players with
an average age of 20 £ 0.86 years, body weight of 68 +
3.24 kg, height of 171 + 3.05 cm, and BMI (kg/m?). The
participants were randomly divided into two groups: the
first group underwent the repeated sprint training (RST)
intervention. In contrast, the second group received only
standard training as the control group (CTRL). Participants
were assessed using the lower body weight squat test and
the Nordic hamstring curl test. Before the intervention,
each participant had to complete an informed consent
form to indicate their agreement to participate in the study.
Data collection in this study was conducted following the
Declaration of Helsinki and received approval from the
University Ethics Committee.

Study organization

This study employed an experimental two-group pre-test
and post-test design. The training program lasted four weeks,
with a frequency of three sessions per week (Monday, Wednes-
day, and Friday). Participants’ heart rate (HR) was monitored
during each training session using a Polar H-10 device.

The Squat Test. In this study, baseline data collection for
all groups was conducted one day before the intervention.
Before testing, the researcher explained the purpose and
correct execution of the body weight squat test. Participants
then performed light stretching and warm-up exercises to
prevent injuries. The squat test required participants to stand
upright with feet shoulder-width apart, knees slightly bent,

and arms extended forward or placed on the waist. They
then lowered their body until their thighs were parallel to
the ground, maintaining a straight back and distributing
their weight evenly on both feet. After reaching the lowest
position, they returned to the initial upright stance and
repeated the movement continuously until muscle fatigue
occurred (Mackenzie, 2008).

The Nordic Hamstring Curl Test. Baseline data collection
was also conducted one day before the intervention. The
researcher explained the purpose and correct execution of
the Nordic hamstring curl test. Participants performed light
stretching and warm-up exercises beforehand to prevent
injuries. During the test, participants knelt on a mat upright
while an assistant secured their ankles. Their arms were
crossed in front of the chest, and they slowly lowered their
body forward before returning to the starting position in a
controlled manner. This movement was repeated as many
times as possible until muscle fatigue was reached. Once
the participants could no longer maintain the movement,
they could release their hands onto the mat to prevent injury
(Matthews et al., 2015).

Statistical Analysis

The Shapiro-Wilk test was used to assess data normality.
If the data were normally distributed, a paired t-test was
conducted to analyze within-group differences over time.
A Wilcoxon test was applied to non-normally distributed
data. An independent t-test was performed to compare
differences between groups. All statistical analyses were
conducted using SPSS 29.0.

Results

Table 1 presents the baseline characteristics of all
participants (n = 36), divided into two groups: the Repeated-
Sprint Training (RST) group (n = 18) and the Control group
(n = 18). The participants in both groups had an average age
of 20 years. The mean body weight was 67.61 * 3.12 kg for
the RST group and 67.50 + 3.45 kg for the Control group.
The average height recorded was 168 cm for the RST group
and 161 cm for the Control group. Additionally, both groups
had an average of 7 years of soccer training experience before
participating in the study.

Table 1. Characteristics of Participant

All Participant (n = 36)
RST (n=18) Control (n=18)

Characteristics Participant

Age (years) 20 £0.87 20 +0.87
Body Weight (Kg) (mean+SD) 67.61 +£3.12  67.50 +3.45
Body Height (cm) 168 +2.59 161 +3.51
length of time for soccer practice 7 +1.26 7+1.29

(years)

Figure 1 above shows the pre-squat results with a mean
value of 66 + 8.60 and the post-squat results with a mean
value of 76 + 6.84 in the experimental group. The pre-squat
and post-squat values showed a significant difference in the
experimental group, with a significance value of p < 0.001.
Meanwhile, in the control group, the pre-squat results had
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Fig. 1. Result in Paired t-test on the squat test

a mean value of 67 + 8.47, and the post-squat results had a
mean value of 69 + 4.49. However, no significant difference
was observed in this group, with a significance value of
p = 0.080.
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Fig. 2. Result in Paired t-test on Nordic test

Figure 2 above shows that the pre-nordic test had a mean
value of 4+1.18, while the post-nordic test had a mean value
of 7+1.41 in the experimental group. A significant difference
was observed in the experimental group, with a significance
value of p<0.001. In the control group, the pre-nordic test
had a mean value of 4+1.31, and the post-nordic test had a
mean value of 5+1.79, with a significance value of p=0.013.

Table 2. Results of Independent t-test

Variable Group T Sig.
Squat RST - Control 3.943 <0.001*
Nordic test ~ RST - Control 3.607 <0.001*

Note: * significant results in Independent t-test

Table 2 presents the results of the Independent t-test,
which analyzes the differences in squat and Nordic test
performance between groups. The findings indicate a
statistically significant difference in both tests. The squat
test showed a T value of 3.943 with a p-value < 0.001, while
the Nordic test recorded a T value of 3.607 with a p-value <
0.001. These results suggest that the training intervention
had a meaningful impact on improving lower limb strength,
as reflected in the squat and Nordic test performances.

Discussion

This study examined the impact of repeated sprint
training (RST) on lower limb strength in amateur soccer

players. The primary findings of this study indicate that RST
effectively enhances lower limb strength in amateur soccer
players, as evidenced by improvements in body weight, squat
test, and Nordic hamstring curl test results.

The present study found a significant increase in
strength following this training method, as indicated by
the bodyweight squat test results. These findings suggest
improved neuromuscular adaptation, as evidenced by the
enhanced squat test performance, which allows the muscles
to function more efficiently during acceleration and sprint
movements. Additionally, increased lower limb strength, as
reflected in the body weight squat test, is associated with
improved hip and knee stability. Previous research has
indicated that players with excellent stability are less prone
to injuries during on-field activities (Bliven & Anderson,
2013). Furthermore, an increase in squat repetitions has
been linked to a higher rate of force development, a key
factor in athletic performance (Martinez-Valencia et al,,
2015). Previous studies have also demonstrated that greater
propulsion force in the lower limbs is associated with
more efficient and rapid acceleration at high speeds during
gameplay (Wdowski & Gittoes, 2020).

Beyond improvements in lower limb strength through
the bodyweight squat test, a particularly noteworthy finding
of this study is that RST enhances hamstring strength
in amateur soccer players, as evidenced by the Nordic
hamstring curl test. This increase in hamstring strength
can be attributed to eccentric contractions throughout the
training. These eccentric contractions take place when the
muscle undergoes tension during sprinting phases and
abrupt stops, enabling rapid knee extension control. Delvaux
etal. (2020) also highlighted that eccentric movement-based
training improves hamstring flexibility. Similarly, Wan et
al. (2021) reported that players with greater flexibility can
withstand significant tension without experiencing muscle
strain. The benefits of enhanced hamstring strength in
amateur soccer players extend beyond injury prevention
to improved on-field performance (Aktug et al., 2018).
Alarcén et al. (2021) further stated that players with greater
eccentric strength exhibit more stable sprinting mechanics
and optimized movement control during rapid changes
in direction. Therefore, integrating this training method
into amateur soccer conditioning programs can contribute
significantly to hamstring strengthening while reducing the
risk of injuries frequently encountered by amateur players.

This study demonstrated that the RST method enhances
lower limb strength, as evidenced by improvements in
squat and Nordic test results. It significantly increases speed
endurance capacity, indirectly contributing to a higher
sprint frequency among amateur players. The study also
reported a significant correlation between the strength
of the quadriceps, hamstrings, and gluteus maximus—
key muscle groups involved in the squat and Nordic test
performance. Furthermore, neuromuscular adaptations
(Behm et al., 2025; Ruas et al., 2018) facilitate faster motor
unit recruitment during this training, enabling players to
perform more squats with improved movement efficiency.
Other studies have shown that squat and Nordic exercises
promote hypertrophy in the quadriceps muscles, remarkably
increasing the volume of the vastus lateralis (Santos et al.,
2020), vastus intermedius, rectus femoris, and vastus
medialis, as well as hamstring muscles such as the biceps
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femoris, semitendinosus, and semimembranosus. This
hypertrophy contributes to the growth of type IIa muscle
fibers (EARP et al., 2015; Kubo et al., 2019; Oliver et al.,
2024; Ribeiro et al., 2023). Such adaptations occur due to the
repetitive concentric and eccentric contractions involved in
squatand Nordic movements, which enhance tendon stiffness
(Brar et al,, 2021). Additionally, squat and Nordic exercises
improve quadriceps and hamstring endurance, mitigating
fatigue (D’Emanuele et al., 2021; Madison et al., 2019) and
enhancing muscle elasticity, connective tissue integrity, and
reflex potentiation (Mackey & Kjaer, 2017). Consequently,
RST contributes to improved endurance performance in
soccer and enhances strength training effectiveness through
optimized muscular and neuromuscular adaptations (Behm
et al,, 2025; Huygaerts et al., 2020; Iga et al., 2012).

Conclusions

This study concludes that repeated sprint training (RST)
significantly enhances lower limb strength in amateur soccer
players. The eccentric-based training incorporated within
RST has been proven effective in promoting neuromuscu-
lar adaptations, strengthening the hamstring muscles, and
improving hip and knee stability. Furthermore, this training
method presents an effective strategy for preventing ham-
string injuries, which amateur soccer players frequently expe-
rience due to a lack of structured strength training programs.
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MiagBuLLEHHA CMNOBUX AKOCTEN HMKHIX KiHLIBOK Yy pyTOONicTIB-
amaTopiB: OuiHKa BNAIMBY NOBTOPHUX CMPUHTEPCbKNX
TPeHyBaHb Y TaKTU4YHUX PyTOONBHNX BNpaBax

Axwmap Anbdian Baxio backopo'4*“P, Bapictpa Tio HipBaucisax's?,

Myxammap @aysi Anroni'A“P, I [lea Mapme Appsananga Bimxaa Kycyma'®P
Mep-xaBuuit yHiBepcuteT Cypabai

ABTOpCHKNMIT BKIAM: A — FU3aiiH KOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarts: 6 c., 2 Tab1., 2 puc., 34 mxepena.

Icropia nuranHa. OyT60/ € OZHUM 3 HAIIIONY/IAPHIIINX BUJIB CIIOPTY B YCbOMY CBITi, B TOMY YIC/Ii Cepef IpaBI{iB-aMaTo-
piB. OfHaK YMMaso TPeHyBa/JbHUX IPOrpaM JOCi IPYHTYIOTbCA Ha TPaIMLiIHUX METOAX, AKi BiJlOKpPEeM/IIOIOTh (biquHy migro-
TOBKY, TEXHIYHI HABMYKY Ta TAKTUYHI BIIPABI, 110 0OMeXye IXHI0 eeKTUBHICTb. OOMEeXEHICTh JOCI>KEHD [OI0 KOMITIEKCHIX
TpeHYBaIbHUX IiIXOMIiB, 0COOIBO CTOCOBHO OILIiHKY CHJIOBYX AKOCTeil HYDKHIX KiHIIiBOK, IKpecmoe HeoOXiTHICTb IIPOBeeHHs
TPeHyBaJIbHUX {HTEPBEHIIiil, 3aCHOBaHNUX Ha (i310/0riYHMX IPUHIMIIAX.

Mera gocnimkenns. Lle [ocmimKeHHA Malo Ha MeTi BUBUMTU e(DeKTUBHICTb TPOBe/IeHHA IIOBTOPHUX CIPUHTEPCHKUX Tpe-
HyBasb (IICT) oo migBUIEHHS CUIOBUX SIKOCTEl HVDKHIX KIHIIBOK y (yT6o0icTiB-amMaTopiB.

Marepiamu ta Metogu. TpuauATh wicte GyTbOMiCTIB-aMaTOPiB, cepefHill Bik Akux craHoBuB 20 pokis, Oymo posmopi-
JIHO 3a MeTOIOM paHpomisauii no inrepsenuirnoi rpynu (II') abo xoHTponbroi rpymu (KI'). TpeHyBanbHa mporpaMa Tpuasa
YOTHMPH TVKHI i BK/IIOYasa TpyU 3aHATTA Ha TYOKJeHb. OLIHIOBAHHA CUIM HIDKHIX KiHITIBOK IIPOBOAM/IOCS 32 HOIIOMOTOI0 TeCTy
Ha TIPUCiJaHHA 13 Baroo BJIACHOTO Tia (6e3 BMKOPUCTaHHS JOAATKOBOrO OOTSDKEHH) Ta CKAHIMHABCHKOTO TECTY Ha 3TMHAHHSA
HiKOMHHOTO CYXOXXIWIIA. AHasIi3 JaHNUX BK/Io4YaB Kputepit anipo-Binka, t-xpuTepiit A1 napHux Bubipok Ta t-Kkpurepiit i
He3a/IeXXHNUX BUOIPOK, 110 IPOBOAMBCA 13 BMKOPUCTAHHIM IIPOrpaMHOro 3abesnedenHs SPSS 29.0.

Pesynpraru. Ipyna IICT nposieMoHCTpyBasia 3HaYHe MOKpalleHH A TOKA3HNUKIB y BUKOHAHHI TeCTy Ha IPYCiJaHHA i3 BIaCHOIO
Barolo (Iepeyi MOYaTKOM TeCTYBaHHA: 66 + 8,60; mic/A TecTyBaHHA: 76 * 6,84, p < 0,001) Ta cKaHAMHABCHKOMY TeCTi Ha 3TMHAHHA
HiZKOMIHHOTO CYXOXWIIA (Iepel oYaTKOM TeCTyBaHH:: 4 + 1,18; micna tectyBanHs: 7 + 1,41, p < 0,001). BogHovac y KOHTp-
OJIbHIli IPYIIi CyTTEBMX NOMIMIIEHD He CIIOCTEPiramocs.

Bucnosxu. JTocmipKeHHA [T0Ka3a/10, 0 IOBTOPHI CIPUHTEPCHKI TPEHYBAHHSA 3HAYHO IIOKPALIYIOTh CH/IOBi AKOCTI HIDKHIX
KiHI[iBOK, 30KpeMa, M’s13iB Mi/IKOIIHHOTO CYXOXI/ULAL. Pe3y/IbTaTyt [1bOro ZOCII/PKEHHS He JIVIIe CIPUAIOTh IINOIIOMY PO3yMIHHIO
TPEHYBaJIBHOTO Iporecy GpyTOOCTIB, aje it MAITh EBHNIT BIUIMB HA PO3BUTOK CIIOPTUBHOI HAYKM B IIMPIIOMY KOHTEKCTI. 3a-
IIPOIIOHOBAHMIT METOJ, TPEHYBaHHA MOYXKe CIyTyBaTU MPAaKTUYHMM IifIXO/IOM 0 HOJIIIIIeHHA pe3y/IbTaTUBHOCTI Ta 3al00iraHHA
TpaBMaTu3My y GyTbOIiCTiB-aMaTOPiB, @ 10r0 e(peKTUBHICTb MOXKHA ITOTEHIIITHO 3aCTOCOBYBATH O IHIINX BU/IB CIIOPTY i Ipo-
rpaM CIOPTUBHOI IiITOTOBKH.

Kiro4oBi croBa: oBTOpHE CIIPMHTEPCbKe TPEHYBAHHs, CI/Ia HIDKHIX KiHIIIBOK, GyTOOMICTI-aMaTOpPH.
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