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Abstract

This study examined the impact of integrating eccentric bodyweight exercises (Nordic Hamstring and Single Leg Deadlift)
into soccer training, before and after training sessions, on players’ well-being, external load and physical performance over
two successive training sessions. Twenty-one male trained players (23.6 + 3.7 years, playing experience of 13.3+4.01 years)
participated in the study. The study spanned two days of the microcycle (MD-4 and MD-3) over four consecutive weeks, dur-
ing which the players were subjected to two conditions: eccentric training before or after the MD-4 training (pre-strength and
post-strength, respectively). The players’ wellness, external load and physical performance (CMJ, 10 m and 30 m-sprint) were
assessed in all training sessions. In pre-strength condition, players exhibited a decrease in the CMJ following the eccentric
intervention (P =0.02). For the 30 m-sprint, a decline in performance was noted after the soccer training compared to the
moments immediately before (P=0.04) and after the eccentric intervention (P =0.002). In the post-strength condition, players
reported increased muscle soreness in the following day (MD-3, P =0.03). Additionally, a reduced number of high-intensity
accelerations were observed on MD-3 when the eccentric training was performed after MD-4 (P =0.04). The study reveals
that jumping and sprinting performance may decrease immediately after eccentric routines. However, while jumping per-
formance may recover after the training, sprinting remains affected. Conversely, conducting eccentric routines after training
may influence players’ muscle soreness and physical performance on the following day. This study offers valuable insights
for optimizing soccer training schedules that incorporate eccentric routines either before or after regular training sessions.
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Introduction

Soccer is characterized by high-intensity intermittent
actions, such as jumping, tackling, kicking, turning, and
sprinting [31]. The players’ capacity to perform some of
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these actions, such as sprinting, may play a crucial role in
goal-scoring situations which may directly impact match
outcome [26]. Success in soccer is also associated with
players’ training consistency and availability on the field
[23]. Despite various risks associated with muscle injuries
in soccer, muscle-strength imbalances, particularly between
agonist and antagonist lower limb muscles groups, have
been identified as a significant factor [16]. Indeed, strength
training has proven to be an effective method for reducing
injury risk in soccer players, especially when incorporating
eccentric training (ECC) due to its unique chronic adapta-
tions [6]. Eccentric training leads to improvements in sprint
performance and peak eccentric hamstring strength [36],
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which means that incorporating eccentric-based programs
can play a major role in optimizing soccer players’ physi-
cal performance while simultaneously decreasing the total
incidence (i.e. per 1000 h of training and matches) of muscle
injuries [18].

Among various exercises available to strength and con-
ditioning coaches for implementing eccentric training, the
Nordic hamstring exercise (NHE) has emerged as a widely
favored choice in amateur and professional levels [21, 37,
42], both because of the simple logistical application (i.e.
no additional equipment is required) and its effectiveness
in reducing hamstrings injuries [57], which is known to be
a major concern in football [22, 24]. The NHE has consist-
ently proven to be effective in enhancing hamstrings strength
and sprint performance among male soccer players [36],
making it a valuable exercise for injury prevention across
different populations and sports [3, 35, 37]. Additionally,
the Single Leg Deadlift (SLD) has gained widespread use
due to its the significant engagement of hamstring muscles
during both concentric and eccentric phases [19]. Reports
suggest that both exercises, NHE and SLD, positively impact
players’ neuromuscular performance and reduce the risk of
injuries, potentially complementing each other [9]. Surpris-
ingly, despite of their individual efficacy, no research has
explored the combined acute effects of integrating both exer-
cises on players’ jumping and sprinting performance, two
key capacities in amateur football. Notably, these protocols
are not only effective but also practical, time-efficient, and
cost-effective, a significant consideration for amateur soccer
teams with limited resources for strength training develop-
ment. Consequently, it is important to explore how amateur
players acutely respond to eccentric protocols incorporating
both NHE and SLD exercises.

The integration of eccentric-based exercises into regular
training schedules is crucial for enhancing players’ physi-
cal performance and reducing injury risk [23, 55]. How-
ever, these protocols are frequently disregarded in soccer
training routines [22, 24]. This lack of adherence could be
attributed to the unfamiliarity with eccentric contractions,
which often lead to elevated muscle soreness, force impair-
ments and muscle damage [50]. This muscle damage typi-
cally results from overstretching and disrupted sarcomeres,
which can acutely impair the muscle’s ability to generate
voluntary contraction force [47]. Additionally, compliance
with eccentric training may be compromised if the training
methodology is inadequate and does not consider impor-
tant criteria such as progressive load adjustments, training
level, and strength training experience [11]. These factors
may deter both players and coaches from consistently adopt-
ing these strategies throughout the season. Contributing to
this issue is the scarcity of research providing guidance on
incorporating eccentric training routines into weekly cycles,
especially during the in-season period [43]. Nevertheless,
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incorporating bodyweight eccentric exercises (ECC) in the
middle of the micro-cycle session may result in increased
muscle damage and soreness, persisting at high levels until
the day before the match, which suggests that scheduling
these routines at the beginning of the week could prevent
impairing players’ readiness for the upcoming match [39].
However, limited research has explored whether coaches
should plan the strength training before or after the session.
Implementing these routines before the training session may
guarantee a less fatigued state, but the immediate effects
might lead to reduced eccentric strength during training
and may increase the risk of muscular injury [38]. Con-
versely, performing these exercises in a fatigued state (i.e.,
after training) may be important at long-term to reduce the
negative influence of fatigue [54] but could impact players’
recovery and readiness for the subsequent session, especially
in amateur contexts where players may lack experience in
strength training [38, 39]. Addressing this issue could assist
coaches in planning strength training for amateur players
concerning its timing within the training session, offering
practical recommendations on when to incorporate eccen-
tric exercise for maximum benefit, minimizing the risk of
overtraining and injury. Moreover, Furthermore, most stud-
ies have focused on the effects of eccentric exercises on
players’ physical performance during specific jumping and
sprinting tests, overlooking their potential impact on amateur
players’ external load during the session. It is conceivable
that performing strength training before or after the session
could influence not only the immediate session but also the
subsequent one. Therefore, this study aimed to investigate
the effects of incorporating eccentric bodyweight exercises
(NHE and SLD) before and after soccer training sessions
(SOT) on amateur players’ perceived exertion, perceived
fatigue, jump and sprinting performance, and external load
across two consecutive training sessions.

Methods
Participants

Twenty-one male classified as trained players [44] (age:
23.6 +3.7 years; height: 1.71 +1.01 m; body mass:
65.2+10.3 kg; playing experience including youth level:
13.3+4.01 years; adult-level experience: 4.1 +3.2 years)
from one Portuguese regional-level team with no strength
training experience participated in this study. All players
in the squad took part in the study and participated in each
of the different conditions evaluated. Two players were
excluded from study due to an injury reported in the month
previous to the protocol intervention. Two other players
were excluded as result of: (i) being transferred to a new
club during the process of data collect; (ii) failing more
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than one moment of data collection; (iii) goalkeepers were
also excluded (n=3) due to the different positional require-
ments. The experiment was conducted during the in-season
period (January—February), in which the team had a weekly
schedule of 3 field training sessions (~90 to 105-min dura-
tion), with an official match in the weekend. All players were
informed about the study design, requirements and proce-
dures, and their informed consent was obtained. The pre-
sent study was developed according to the recommendations
proposed by the Declaration of Helsinki. Considering that
the data was obtained from regular monitoring of players’
during competitive season, no ethical approval was required
[61]. Nevertheless, approval from the club was obtained.

Procedures

A repeated measures design was adopted to explore the
effects of the time-period of the ECC using a randomized
approach during four MD-4 and four MD-3 testing ses-
sions over 4 consecutive weeks. To inspect the effects
of the ECC on the players’ perceived fatigue, external
load, jumping and sprinting performances, the play-
ers were exposed to two experimental settings: (a) ECC
prior to the SOT, pre-strength, in which the players per-
formed a specific body-weight strength routine follow-
ing the warm-up; (b) ECC after the SOT, post-strength,
in which the players performed the same ECC routine

(see strength intervention section) immediately after the
end of the session. Accordingly, while perceive fatigue
was monitored before (i.e., Hooper Index) and after the
session (i.e., RPE), and external load during each MD-4
and MD-3 sessions, in turn, players’ physical assessment
was developed at three distinct time periods during the
MD-4 session and two periods during the MD-3 session
(see Fig. 1): (i) baseline 1, that refers to the first physical
assessment moment, performed at the beginning of the
MD-4 session after the warm-up in both protocols; (ii)
Post-M1, that refers to the second physical assessment
moment, which was performed at different timing periods
as result of being pre-strength or post-strength. Accord-
ingly, during the pre-strength it consisted in the assess-
ment immediately after the ECC training at the first phase
of the training session, while for the post-strength it refers
to the measurement immediately after the SOT session
ends; (iii) Post-M2, which relates to the third assessment
measurement. Accordingly, for the pre-strength it refers to
the last assessment on the MD-4, after the session ended,
while in the POST-STRENGTH it was performed after
the end of the session subsequent to the ECC training;
(iv) baseline 2, that refers to the fourth assessment period
and performed after the warm-up at the beginning of the
session on the MD-3; and (v) Post-M3, that consisted in
the fifth measurement, developed at the end of the MD-3
sessions. Thus, while the first three moments (baseline
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Fig.1 Schematic representation of protocol timeline
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1, Post-M1 and Post-M2) were performed in the MD-4,
the second two moments (baseline 2 and Post-M3) were
performed during the MD-3 session.

A total of eight testing sessions were used to col-
lect players’ data [MD-4 sessions, n=4, pre-strength
(n=2) and post-strength (n=2); MD-3 sessions, n=4,
pre-strength (n=2) and post-strength (n=2)]. However,
prior to the testing period, players were exposed over a
one month-period (i.e., 4 sessions) to the strength train-
ing intervention for familiarization purposes. In addi-
tion, two familiarization sessions (i.e., one for each test-
ing day) were performed to guarantee that players were
familiarized with the session structure. On each testing
day, as soon as all squad arrived on the locker room,
the researcher provided a link with players’ names to
report either pre-session levels of sleep, stress, fatigue
and muscle soreness, or after the session the perceived
fatigue. Further, ~ 10-min before the session the play-
ers’ performed a specific warm-up consisting of 5-min
of low intensity running, followed by 3-min of dynamic
stretching exercises during and 2-min in which the players
performed two sprints at 70% and 80% of their maximal
sprinting performance. After that, players were enrolled
in the experimental setting. By the end of the session, the
researcher provided a new link for the players to report
their rate of perceived exertion (RPE).

The MD-4 training structure for each condition (pre-
strength, n=2 and post-strength, n=2) followed a simi-
lar structure. Accordingly, apart from testing situations
and the strength training moment that varied according
to the present study aim (see Fig. 1), both conditions pre-
sented the following structure: a) ~20-min small-sided
games consisting of Gk + 4vs4 + Gk to emphasize spe-
cific principles of play; b) ~30-min positional games to
emphasize sectorial work (e.g., improve moment coor-
dination between different playing positions and sectors,
such as playing an Gk +4 +4v4 4+ 4 4+ Gk divided by zones
to emphasize defensive and midfielder sector movement
synchronization); and ended with ~25-min competitive
small-sided games (e.g., tournament between four teams
composed by specific sectors, such as defensive sector vs
midfielder sector). Similarly, the MD-3 was also composed
by the same structure, which apart from testing situations
consisted in: (1) ~ 15-min rondos to emphasize technical
patterns, namely ability of the team to stay under posses-
sion (e.g., 4vs4 + 3 neutral players); (2) ~20-min of posi-
tional games emphasizing the team ability to stay on pos-
session based on progressive possession style of play (e.g.,
8v8 +4 neutral players); (3) ~20-min sectorial task empha-
sizing the build-up phase of play consisting in numeri-
cal superiority task (e.g., Gk + 8vs6 + 2Gk); (4) ~25-min
game consisting in Gk + 10vs10 4+ Gk in regular spaces to
develop strategical plan for upcoming match.
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Training

A ~15-min time period was used to perform the strength
intervention, that consisted of a sequence of two bodyweight
exercises focused on lower limbs posterior chain muscles.
The first exercise was the NHE, which primarily targets
the eccentric action of hamstrings muscles [42]. The NHE
technique execution followed previous research guidelines
[45]. This exercise have been widely applied as an injury
prevention strategy in different populations [3, 35], and it
was already shown to enhance muscle strength and running
performance in male soccer players [36]. The second exer-
cise was the SLD. Deadlifts are able to promote high levels
of activity in the hamstrings [5], with SLD variation being
preferable to target hamstrings in both concentric and eccen-
tric phases [19]. The SLD technique execution followed pre-
vious research guidelines [19]. These exercises were chosen
for their simple application and effectiveness in reducing the
risk of hamstring injuries [57].

Before performing the eccentric exercises, a 5-min warm
up was conducted, consisting of 2x30 m linear low inten-
sity running, 2 X 30 m side run, dynamic stretching for main
locomotive lower limb muscles (10 hip adductions, 10 hip
abductions, 10 butt kicks, 10 knee raises and 10 straight leg
march) and dynamic strength exercises (10 deep squats, and
10 forward lunges) [2].

Players were asked to perform three sets of four reps for
each exercise, with SDL performed before NHE. A 60-s
interval was allowed between sets and exercises. Partici-
pants were instructed to achieve their maximum range of
motion in both exercises, with a 3-s duration for the eccen-
tric phase of each repetition. The use of a 3-s eccentric phase
was based on players’ feedback and performance during the
familiarization phase, ensuring all athletes could perform
both exercises in a controlled manner. In NHE, players were
allowed to use their upper limbs to push off the ground,
assisting them in returning to the initial position during the
concentric phase.

Testing

Rate of Perceived Exertion The perception of effort was
measured using the RPE scale (Borg CR-10 scale) [7].
Players’” RPE was collected 30-min after each MD-4 and
MD-3 sessions to capture an overall perspective of players’
reported effort in the session, by providing to each player a
link created on Google form allowing them to individually
fulfill the perceived exertion at the same time-period.

Sleep, Stress, Fatigue and Muscle Soreness Monitor Players
were asked to rate their overall well-being indices 40-30-
min prior to the session using the Hooper Questionnaire,
that focus on the quality of sleep during previous night, level
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of stress, rating fatigue and muscle soreness) [33]. For each
of these parameters, players were asked to report in a scale
ranging from 1 (i.e., very, very low) to 7 (i.e., very, very
high) for stress, fatigue and muscle soreness, while 1 (i.e.,
very, very bad) to 7 (i.e., very, very good) for sleeping qual-
ity. These measurements were individually reported by the
players on the MD-4 and MD-3, using a specific link created
on Google form.

Jumping Performance (Countermovement Jump) The
countermovement jump was adopted to assess the impact
of the strength intervention on the neuromuscular perfor-
mance. The jumping performance was measured using
a portable optical timing system (Optojump, Microgate,
Bolzano, Italy). For that purpose, jumping performance was
measured after the warm-up (MD-4, Baseline I, MD-3, base-
line II), following the strength intervention (pre-strength,
Post-M1; pos-strength, Post-M2) and in the end of the soc-
cer specific session (pre-strength, Post-M2; pos-strength,
Post-M1). Players were instructed to start from a standing
upright position, following by a squat down until bending
the knees to a 90 degree, to further immediately jump as
higher as possible with the hands on the hips [8]. On each
testing period (MD-4 testing days, n=6 jumps per athlete;
MD-3 testing days, n=4 jumps per athlete), participants
were asked to perform two maximal jumps with a 30-s rest
interval, and the best trial was kept for analysis to minimize
the impact of any suboptimal attempts and to provide a more
accurate representation of the participants’ true capacity.

Linear Sprint Tests (10 and 30 m Sprint) Similar to the coun-
ter-movement jump, the sprinting performance was meas-
ured after the warm-up, following the strength intervention
and in the end of the soccer specific session (see Fig. 1).
The sprints were measured using three pairs of photoelectric
cells (Witty, Microgate, Bolzano, Italy) positioned at 0 m,
10 m, and 30 m, to allow to capture both sprints in only one
trial, and positioned at a height of 1 m from the ground.
To assess the sprint, players were instructed to start from
an upright standing position with the front foot placed at
—0.5 m before the first timing gate on the respective marker
[2]. On each testing period (MD-4 testing days, n=6 sprints
per athlete; MD-3 testing days, n=4 sprints per athlete),
participants were asked to perform one maximal sprint, and
the time for both 10 m and 30 m was kept for analysis. A
single repetition was performed to minimize the potential
influence of the test on the overall protocol outcomes. A
2-min recovery interval was provided between the jumping
and sprinting performance tests.

External Load Players’ external load during the MD-4 and
MD-3 sessions were collected using 10 Hz Global Positioning
System (GPS) units (10 Hz, Accelerometer 1 kHz, FieldWiz,

Paudex, Switzerland), which have been shown to possess good
level of accuracy to measure movements and displacements
of players’ during team sports activities [59]. To guarantee a
higher data reliability, across the 4 weeks of data collection,
the players always used the same unit, which was placed on
a specific vest on the upper back of the player. The follow-
ing variables were used to inspect the players’ external load
in both MD-4 and MD-3 sessions [30, 32]: (i) total distance
covered; (ii) distance covered while walking (0.0-3.5 km/h);
(iii) distance covered while jogging (3.6-14.3 km/h); (iv) dis-
tance covered while running (14.4 —19.8 km/h); (v) distance
covered while sprinting (>19.9 km/h); (vi) number of high
accelerations (>3 m/s); (vii) number of high decelerations
(>3 m/s). These variables offer a clearer understanding of the
overall physical demands of the training sessions.

Statistical Analysis

Individual and mean changes from the Baseline I to Post-
M1, Post-M2 and from Baseline II to Post-M3 for both con-
ditions (pre-strength and post-strength) were graphically
represented and the variation from those moments were
expressed in percentage variation (mean + SD). In addition,
both intra-day (i.e., between-players) and inter-day (i.e.,
within players) variability was measured as typical error and
expressed as coefficient of variation, CV (%).

All data were inspected for outliers and assumptions of
normality. Further, a repeated measures ANOVA was used
to compare each moment (baseline I, Baseline II, Post-M1,
Post-M2, Post-M3) in accordance with the strength inter-
vention period (pre-strength and post-strength). Pairwise
differences were assessed using the Bonferroni post-hoc.
The Jamovi Project software (Computer Software Version
2.3.21.0, 2023) was used to develop the statistical analysis,
using P <0.05 as statistical significance.

Complementarily, to realize the magnitude effects
between testing periods (i.e., baseline I, Post-M1, Post-
M2, baseline II and Post-M3) and intervention period (pre-
strength and post-strength) it was used a specific spreadsheet.
These effects were estimated in raw units based on log-trans-
formation and uncertainty in the estimate was expressed as
95% confidence limits [34]. In addition, (Cohen’s d) mean
differences and respective 95% confidence intervals were
processed using the following limits: 0.2, trivial; 0.6, small;
1.2, moderate; 2.0, large; and 0.20, very large [17].

Results
Internal and External Load Effects on Training Days

The results from the players’ internal load measured with
the Hooper Index and Rate of Perceived exertion and the
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external load based on players’ distance covered at different
speed zones and accelerations and decelerations (>3 m/s)
are reported on Table 1. As regard to internal load, signifi-
cant differences were reported between the MD-4 and MD-3
of the post-strength (F'=3.27, P=0.03), with higher values
of muscle soreness being reported before MD-3 session.
Differences between the MD-4 and MD-3 were also identi-
fied in the PRE-STRENGTH condition, with higher values
registered before the MD-3 session (F'=1.69, P=0.008).

From the external load perspective, significant effects
were identified for total distance covered (F=21.1,
P <0.001), jogging distance (F=25.6, P<0.001), run-
ning distance (F=15.9, P<0.001), and number of high
accelerations (>3 m/s, F=3.29, P=0.032). Accordingly,
higher total distance covered (m) were identified in both
MD-3 sessions than MD-4 sessions (pre-strength, P <0.001;
post-strength, P <0.001). Similarly, higher jogging distance
were identified in both MD-3 sessions than MD-4 sessions
(pre-strength, P <0.001; post-strength, P <0.001), as well
as higher running distance (pre-strength, P=0.002; post-
strength, P <0.001). In relation to high accelerations, decre-
ments were identified in the MD-3 compared to the MD-4 of
the post-strength (>3 m/s, P=0.004).

The intra-day %CV (between-players) revealed a
7.8%+1.2%, 8.8%+1.2%, 9.6% +0.8%, 10.7% +2.6%,
9.4% +1.4% in the players’ jumping performance (cms) for
the baseline I, Post-M1, Post-M2, baseline II and Post-M3,
respectively.

As for the 10 m sprint (s), it was found a variation (%CV)
of 6.4% +3%, 5% +0.2%, 6.6% +0.6%, 4.4% +0.7%,
5.4% +0.1% for the baseline I, Post-M1, Post-M2, baseline 1I
and Post-M3, respectively, while a variation of 4.3% +1.8%,
3.7%+0, 4.8% +0.4%, 3.6% +0.7%, 4.2% +0.3% for the
baseline I, Post-M1, Post-M2, baseline II and Post-M3 in
the 30 m sprint (s).

In contrast, the inter-day (within-players) for the jump-
ing performance (cms) revealed variations of 1.5% +2.6%,
2.7%+2.8%, 2% +3.2%, 2.5% +3.4%, and 3.0% +3.1% for
the Baseline I, Post-M1, Post-M2, Baseline II and Post-M3,
while of 0.1% +0.1% in all moments of the 10 m sprinting
performance, while of 0.1% +0.2% in all moments during
the 30 m sprinting performance (Fig. 2).

The effects of the strength training intervention on the
physical performance according to the time-period of imple-
mentation (pre-strength vs. post-strength) on the different
assessment periods (baseline I, Post-M1, Post-M2, baseline

Table 1 Descriptive and inferential statistics from the internal and external load according to the training day (MD-4 or MD-3) and intervention

(pre-strength or post-strength)

Variables Pre-strength Post-strength F MD-4 (PRE ~ MD-3 (PRE
vs. POST) vs. POST)
MD-4 (M +SD) MD-3 (M +SD) P MD-4 (M +SD) MD-3 (M +SD) P P P
Perceptual
Sleep (scores) 3.13+0.99 3.58+1.44 0.250 295+1.32 3.0+£1.03 0.250 2.34  0.250 0.06
Stress 3.33+£1.09 333+1.23 0.250 2.95+0.94 3.0+0.97 0.250 024 0.250 0.250
(scores)
Fatigue 3.67+0.76 342+1 0.107 3.35+1.09 35+1.21 0.250 1.10  0.250 0.250
(scores)
Muscle 3.63+0.77 3.75+1.06 0.163 3.25+1.02 3.81+091 0.03 327 0.250 0.250
soreness
(scores)
RPE (scores) 5.56+1.15 527+1.68 0.06 5.64+1.15 5.33+1.03 0.250 1.69  0.268 0.250
External load
Total distance 4058.84+519.52 5095.05 +597.53 <0.001 4496.22+500.38 5038.78 +515.63 <0.001 21.1 0.250 0.08
covered
(m)
Walking dis- 856.06+227.18 787.29+246.19 0.121  901.19+265.5 793.54+177.07 0.06 145  0.250 0.250
tance (m)
Jogging dis-  2744.17 +449.55 3650.1+499.52 <0.001 3175.65+347.99 3670.08 +387.95 <.001 25.6 0.250 0.250
tance (m)
Running dis- 283.19+102.38 479.64+215.89 0.002 271.15+68.15 407.65+129.4 <.001 15.9 0.250 0.10
tance (m)
Sprinting 194.13 +£64.92 178.02+71.02 0.250  148.25+45.8 167.51+£59.37 0.250 3.89  0.250 0.250
distance
(m)
Accelerations 20.83+7.97 17.59+6.69 0.250 26.65+10.65 19.83+8.36 0.04 329 0.123 0.250
(>3 m/s)
Decelerations 14.45+10.01 14.97 +8.73 0.250 17+10.06 15.87+9.8 0.250 0.879 0.250 0.250
(>3 m/s)

The bold values represent statistically significant effects between the conditions (P < 0.05)
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IT and Post-M3) are presented on Table 2 and Fig. 3. In
general, statistically significant effects were only identified
in the CMJ (cm, F=5.21, P<0.001) and 30 m sprint (s,
F=5.14, P<0.001).

As regard to the within differences, the Post-M1 in the
pre-strength showed lower values for the CMJ than base-
line I (—=1.8+1.02 cm, P=0.02, small effects) and Post-M2
(2.0+0.82 cm, P=0.08, small effects), while the Baseline
II showed lower values than the Post-M3 (3.32+1.72 cm,
P=0.001, moderate effects). In contrast, during the post-
strength, higher values in the POST-M1 were identified
when compared to baseline I (1.26+0.62 cm, P=0.001,
small effects) and Post-M2 (—2.0+0.78 cm, P <0.001, small
effects). As regard to the between comparisons, the Post-
M1 of the POST-STRENGTH showed higher values for the
CM] than the Post-M1 of the pre-strength (3.62 +1.77 cm,
P=0.001, small effects).

From the 30 m sprint performance (s), the Post-M2
in the pre-strength showed decrements (i.e., higher time
required to perform the 30 m) when compared to both
Baseline I (0.11£0.07 s, P=0.04, small effects) and Post-
M1 (0.0+£0.09 s, P=0.002, small effects). As regard to the
post-strength, the baseline II showed statistically significant
better performance than baseline I (0.0+0.08 s, P=0.03,
moderate effects).

The variation between time-periods (i.e., baseline [—Post
M1, baseline —Post M2, Post M1—Post M2, baseline I—
baseline II and baseline II—Post-M3) between the training

Pre-Session Strength Training
A% (intra-day variability) = 9% + 1.3%

Pre-Session Strength Training
A% (intra-day variability) = 5.1%+ 0.7%

intervention (pre-strength vs. post-strength) are presented
on Table 3 and Fig. 4. From the jumping performance it was
found a higher variation from baseline I to Post-M1 (1 higher
for post-strength, 8.5 +4.4 cm, P <0.001, unclear effects)
in the post-strength compared to the pre-strength, while in
turn a higher variation from Post-M1 to Post-M2 (1 higher
for pre-strength, —11.3+3.2 cm, P <0.001, small effects) in
the pre-strength compared to the post-strength.

From the 10 m sprint (s), the results revealed a higher
variation from the baseline II to Post-M3 (1 higher for pre-
strength, 3.4+3.0 s, P=0.030, moderate effects) during the
pre-strength than in the post-strength.

As regard to the 30 m sprint performance (s), there was
a higher variation from baseline I to baseline II (1 higher
for post-strength, —3.4 +2.8 s, P=0.020, moderate effects)
(Fig. 4).

Discussion

This study aimed to explore the effects of including eccen-
tric bodyweight exercises (NHE and SLD) before and
after MD-4 SOT on players’ perceived exertion, perceived
fatigue, jumping and sprinting performances, and external
load across two consecutive sessions (i.e., MD-4 and MD-3
sessions). This study showed that including ECC routines
before or after SOT may affect in different ways the play-
ers’ readiness and physical performance during subsequent

Pre-Session Strength Training
A% (intra-day variability) = 3.6% + 0.6%

504 A% (inter-day variability) = 6.5% 3.7% 2.61 A% (inter-day variability) = 3.9% £1.7% 5.2 A% (inter-day variability) = 2.4% +1.3%
454 2.4 5.0
4.8
£ 404 .
S 40 _ 22 461
5 e z N
235 2 2.0 g 444
F g E
z 4.2
£ 301 1.8 g H
= 4.0
254 61
5 1.6 3.81
20- 1.4- 3.6-
Post-Session Strength Training Post-Session Strength Training Post-Session Strength Training
A% (intra-day variability) = 9.5% % 19% A% (intra-day variability) = 6%+ 1.8% A% (intra-day variability) = 4.6%+0.7%
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Baseiinel Postl-Ml Post'-MZ Baselline I Post‘-MS

Countermovement Jump

Baseiinel Post'-Ml Post'-MZ Baselline I Postl—MS

10m sprint

Baseiinel Postl-Ml Postl-MZ Baselline I Post'-M3
30m sprint

Fig.2 Individual and mean changes from baseline to Post-M1 and Post-M2 for counter movement jump (CMJ), 10 m sprint and 30 sprint test.
Black lines represent the group mean with standard deviation while grey represents individual changes
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Table 2 Descriptive and inferential statistics from the differences between the training moments (baseline I, Post-M1, Post-M2, Baseline II, Post-M3) and strength intervention period (pre-

strength vs. post-strength)

@ Springer

Post-strength

Pre-strength

Variables

Post-

Post-M2 Baseline II Post-M3 Baseline I Post-M1 Post-M2 Baseline II
M=+SD)

Post-M1

Baseline I

M3(M +SD)

(M=+SD) (M+SD) (M=+SD) (M+SD) (M=SD) (M=+SD) (M=+SD)

(M=SD)

<0.001 #eeth.
1.88 0.06

5.21

36.63+4.59 37.9+3.21

36.46+3.69
1.82+0.13
4.48+0.23

38.16+3.03

1.85+0.16

38.95+4.06 3691+3.17

35.63+3.14
1.84+0.09
4.39+0.14

1.85+0.11

36.7+3.3

35.08+3.39
1.83+0.09
436+0.16

CMJ (cm) 36.26+2.53

1.81+0.1
4.34+0.19

1.79+0.07
4.33+0.18

1.81+0.09
4.37+0.16

1.78 +0.1
4.34+0.17

1.85+0.08
4.39+0.13

10 m (s)
30 m (s)

5.14 <0.001 Pk

4.5+0.25

4.5+0.21

Post-M1 (pre-training strength): post-strength; Post-M2 (pre-training strength): post-session; Post-M1 (post-training strength): post-session; Post-M2 (post-training strength): post-strength. The

bold values mean significant differences. Letters represent differences according to the following conditions: a) baseline I vs. Post-M1 (pre-strength); b) baseline I vs. Post-M2 (pre-strength);

c) Post-M1 vs. Post-M2 (pre-strength); d) baseline I vs. baseline II (pre-strength); e) baseline II vs. Post-M3 (post-strength); f) baseline I vs. Post-M1 (post-strength); g) baseline I vs. Post-M2

(post-strength); h) Post-M1 vs. Post-M2 (post-strength); i) baseline I vs. baseline II (post-strength); j) baseline II vs. Post-M3 (post-strength); k) baseline I (pre-strength vs. post-strength); 1)

Post-M1 (pre-strength vs. post-strength); m) Post-M2 (pre-strength vs. post-strength); n) baseline II (pre-strength vs. post-strength); o) Post-M3 (pre-strength vs. post-strength)

sessions. Generally, jumping and running capacities tend
to decrease immediately after ECC when performed before
SOT. However, while players are able to recover jumping
capacity during training, running performance is impaired
throughout the entire SOT. On the other hand, performing
ECC after SOT may impact players’ readiness and perfor-
mance in the subsequent day (MD-3), with greater muscle
soreness, lower number of high intensity acceleration actions
and increased time in linear sprint.

Strength before Soccer Training

When ECC was performed before SOT, both jumping and
running capacities were impaired immediately after. How-
ever, while CMJ performance returned to baseline values
after SOT, sprinting capacity was impaired. Given the
importance of posterior chain eccentric training in optimiz-
ing soccer players’ performance and reducing injury risk
[53], the exercises proposed in present investigation were
particularly focused on the eccentric action of the ham-
strings. These exercises, such as the NHE and the SLD,
are known to target posterior chain muscles and promote
high levels of activity, particularly in the hamstrings [5, 51].
While some athletes may benefit from acute potentiation
after these routines, others may be negatively affected by
fatigue. For example, previous research with amateur soccer
players showed that performing NHE before SOT resulted
in significant eccentric hamstring strength decrements,
particularly in elongated muscle lengths, that may persist
throughout the training session [38]. These force impair-
ments may result from overstretching and disrupted sarcom-
eres [47], leading to acute muscle soreness, particularly in
players who are not accustomed to eccentric training [50].
Similarly, acute performance decrements were observed
after performing flywheel eccentric half-squat with youth
players with little experience in strength training [15]. In
fact, balance between fatigue and potentiation seems to be
more favorable to athletes with increased training experience
and strength levels [60], since higher training status seems
to be associated to better neuromuscular functioning of the
hamstrings muscles, even in fatigued condition [25]. Under
this scope, previous research found increases in jumping
capacity 5 min after trained athletes performed 5 sets of 1
repetition of the back squat performed at 90% of one maxi-
mum repetition, while recreationally individuals showed an
acute performance decline [14]. In soccer, a recent study
also showed that players with experience in strength training
may acutely improve running and jumping capacities after
performing low-volume high-load deadlifts [1]. However,
players that participated in the present investigation were
from a regional-level and had no strength training experi-
ence, which may have exacerbated muscle fatigue in the
moments following ECC intervention. Interestingly, while
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Fig.3 Cohen’s d for within comparison of from the baseline to post-
moments test protocols. Error bars indicate uncertainty in true mean
changes with 95% confidence intervals. Grey color points indicate

jumping performance returned to baseline values after SOT,
linear sprint was impaired throughout the entire session. As
linear sprint elicits maximal eccentric activation of ham-
strings muscles, particularly during the swing phase [52],
fatigue resultant from the eccentric exercises focused on the
posterior chain may have affected running performance at a
greater extent and for a longer period. In fact, it was already
reported that the eccentric load imposed by NHE may have a
negative acute impact on sprint performance [56]. Addition-
ally, the acute effects of eccentric exercise combined with
the external load imposed by regular soccer training may
have increased fatigue of posterior chain muscles [49] and
consequently impaired running capacity. On the other hand,
countermovement jump requires greater participation of
muscles from anterior chain, such as quadriceps and vastus
medialis [40], which means that vertical jump capacity may
have been less affected by the NHE and SLD, two exercises
predominately focused on hamstrings muscles. Even though
players’ CMJ values decreased immediately after the ECC,
the soccer training time window allowed players to recover
jumping performance at the end of the SOT.

Strength after Soccer Training

In the POST-STRENGTH condition, jumping and running
performances increased from the beginning to the end of
the SOT. However, performing the eccentric exercises after
the MD-4 SOT resulted in an acute decrease of both capaci-
ties. Even though these results were somehow expected,
it was of greater interest to evaluate the players’ physical
readiness in the following day (MD-3). When comparing

+—(O— Trivial | Unclear Effects

+—@— Higher for second condition

higher valuers for the first condition, while black for the second one.
White-based color indicates unclear or trivial effects

baseline values between MD-4 and MD-3, jumping capacity
slightly decreased. Interestingly, CMJ values increased from
the beginning to the end of MD-3 SOT. On the other hand, it
was noticed that running capacity decreased at greater extent
during MD-3 SOT when eccentric training was performed
after MD-4 ST, particularly in 10 m sprint, which was not
observed when eccentric exercises were performed before
MD-4. Interestingly, external load profile during MD-3 also
showed a lower number of high intensity accelerations when
ECC was performed after MD-4.

Eccentric exercise is known to promote muscle damage,
delayed onset of muscle soreness and force impairments
in the following days, particularly in low level practition-
ers unaccustomed to eccentric training [10, 13]. It is also
reported that eccentric stimulus resultant from NHE may
diminish horizontal force production and maximum speed
capacity up to 48 h after its application [4]. As previously
mentioned, the present study showed decreased linear sprint
capacity and lower number of high intensity accelerations
24 h after the ECC performed following MD-4 SOT. This
may be related to the horizontal force impairments resultant
from eccentric exercise performed under fatigue, particu-
larly of hamstrings muscles that have a major role in produc-
ing horizontal force during sprint accelerations [46]. What
the present investigation also adds is that players’ muscle
soreness was higher in MD-3 when ECC was performed
after MD-4 training. Interestingly, muscle soreness peaks
are commonly registered after 1-3 days after exercise and
appear to be related to connective tissue damage and inflam-
mation [20]. Thus, the results of the present study seem
to show that eccentric stimulus after MD-4 training may
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Table 3 Analysis of coefficient of variation between the training moments (baseline I, Post-M1, Post-M2, Baseline II and Post-M3) and strength intervention period (pre-strength vs. post-

strength)

Post-strength

Pre-strength

Variables

Baseline II vs.

Post-M2 vs. Baseline I vs.

Post-M2 vs.
Baseline I A

(%)

Post-M1 vs.
Baseline I A

Baseline II vs.
(%)

Baseline I vs.
Post-M1 A (%) Baseline Il A (%) Post-M3 A (%)

Post-M2 vs.

Post-M2 vs.
Baseline I A

(%)

Post-M1 vs.

Baseline II A (%) Post-M3 A (%)

Post-M1 A (%)

Baseline I A

(%)

1 —075+9.73  1454+11

—4.51+5.07
10434524

l

~1.15+6.1
1 —1.44+6.09

l
1 —0.42+4.67

13.57+4.68
1-1.79+5.18

19.82+12.73
1-2.98+4.74
1-1.23+2.82

| —1.52+9.13

14844624
10.89+5.7

11.32+7.25
0.07+6.17

1 2.44+3.59

-3.23+7.02
-0.84+5.5

!
N

CMIJ (cm)

1149446

—2.78+8.71
1 -3.69+4.1

1

-0.77+6.05
1 -0.49+2.19

1

"

10 m (s)
30 m (s)

124+3.74 10.41+3.38

1 -2.73+3.64

1332+4.54

1 -0.86+2.76

Post-M1 (pre-training strength): post-strength; Post-M2 (pre-training strength): post-session; Post-M1 (post-training strength): post-session; Post-M2 (post-training strength): post-strength

have resulted in increased muscle damage in MD-3 when
compared to eccentric training performed before MD-4.
Although literature is scarce about the effects of eccentric
exercise performed under fatigue during the following days,
it is known that concentric and eccentric torque output may
be reduced after a single set of 5 repetitions of the NHE [42].
This higher perception of muscle soreness may have affected
the players’ predisposition during the SOT. In fact, it is cur-
rently accepted that players may voluntarily or involuntarily
adjust their pace [48, 58] and external load output according
to their pre-training wellness perception values [29]. This
may mean that due to the increase muscle soreness, players
may have adopted a slow pacing strategy as an intention to
end the ST in a reasonable physical and psychological state.
For example, it was previously shown that players decrease
distance-related variables during small-sided games when
receiving prior information of task duration (i.e., knowing
or not that the small-sided game would last 12-min) [28],
and this findings were consistent when considering longer-
lasting tasks (20-min small-sided games) [27]. In addition,
it was previously shown that the wellbeing scores would
impact players’ external load during training sessions [41],
and consequently it may explain the lower values found in
the MD-3 when the ECC is performed after the MD-4 SOT.

Even though performing eccentric exercises focused
on hamstrings muscles before soccer training may impair
eccentric strength and increase injury risk [38], coaches
should also be aware that eccentric exercises performed after
field training may increase players’ muscle soreness and run-
ning performance in the next day training session. It is also
important that coaches use adequate training methodologies
that respect progressive load adjustments, players training
level, and strength training experience [11]. The findings
of this study are crucial for coaches and practitioners in
integrating eccentric exercise routines with soccer training
throughout the weekly cycle. By taking these implications
into account, coaches can develop more effective and per-
sonalized training programs that boost performance while
minimizing the risk of overtraining and injury.

This study was conducted with a relatively small sam-
ple size, focusing on one male amateur team. This means
that findings might not be applicable to a wider population,
including different age groups and various levels of playing
experience. Thus, in the future studies may be expanded to
include other training contexts.

Conclusions

This study shows that the placement of eccentric routines
within the weekly cycle may affect player’s physical perfor-
mance in different ways. Jumping and sprinting capacities
tend to decrease immediately after eccentric routines when
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A% between Baseline I to Post-M1 A% between Baseline to Post-M2

1 PRE-STRENGTH
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10m sprint ()

30m sprint (s)
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Fig.4 Cohen’s d for within comparison of the % variation from the
baseline to post-moments test protocols. Error bars indicate uncer-
tainty in true mean changes with 95% confidence intervals. Grey

performed before soccer training, however, while players
are able to recover jumping capacity during training, sprint-
ing performance is impaired in the following moments. On
the other hand, performing eccentric routines after soccer
training may impact players’ readiness and physical per-
formance in the subsequent day. Under this scope, coaches
should consider players’ eccentric training experience and
strength levels, as less-experienced players may face poten-
tial negative impacts on performance in the following train-
ing session and even in the next day. These results reinforce
the need for a strategic approach, balancing the potential
benefits of eccentric training for performance optimization
with the associated risks of increased muscle soreness and
compromised physical capacity.

Funding Open access funding provided by FCTIFCCN (b-on). This
work was funded by National Funds by FCT—Foundation for Sci-
ence and Technology under the following project: UIDB/04045/2020.
(https://doi.org/https://doi.org/10.54499/UIDB/04045/2020).

Data Availability Data will be made available on reasonable request.

Declarations
Conflict of interest The authors declare no conflict of interest.

Ethical Approval Considering that the data was obtained from regular
monitoring of players’ during competitive season, no ethical approval
was required [61]. Nevertheless, approval from the club was obtained.

Consent to Participate and to Publish Written informed consent was
obtained from all participants.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

color points indicate higher valuers for the first condition, while black
for the second one. White-based color indicates unclear or trivial
effects

References

1. Abade E, Brito J, Goncalves B, Saura L, Coutinho D, Sampaio
J. Using deadlifts as a postactivation performance enhance-
ment strategy in warm-ups in football. J Strength Cond Res.
2023;37(9):1821-7. https://doi.org/10.1519/JSC.0000000000
004485.

2. Abade E, Sampaio J, Goncalves B, Baptista J, Alves A, Viana J.
Effects of different re-warm up activities in football players’ per-
formance. PLoS ONE. 2017;12(6):1-13. https://doi.org/10.1371/
journal.pone.0180152.

3. Attar Al, Wesam SA, Soomro N, Sinclair PJ, Pappas E, Sand-
ers RH. Effect of injury prevention programs that include
the nordic hamstring exercise on hamstring injury rates
in soccer players: a systematic review and meta-analysis.
Sports Med. 2017;47(5):907-16. https://doi.org/10.1007/
$40279-016-0638-2.

4. Alonso-Fernandez D, Lopez-Barreiro J, Garganta R, Taboada-
Iglesias Y. Acute impact of Nordic hamstring exercise on
sprint performance after 24, 48 and 72 hours. Sports Biomech.
2021;8:1-15. https://doi.org/10.1080/14763141.2021.1992493.

5. Andersen V, Fimland MS, Mo DA, Iversen VM, Vederhus T,
Rockland Hellebo LR, Nordaune KI, Saeterbakken AH. Elec-
tromyographic comparison of barbell deadlift, hex bar deadlift,
and hip thrust exercises: a cross-over study. J Strength Cond Res.
2018;32(3):587-93. https://doi.org/10.1519/JSC.0000000000
001826.

6. Beato M, Maroto-Izquierdo S, Turner AN, Bishop C. Implement-
ing strength training strategies for injury prevention in soccer:
scientific rationale and methodological recommendations. Int J
Sports Physiol Perform. 2021;16(3):456-61. https://doi.org/10.
1123/ijspp.2020-0862.

7. Borg G. Borg’s perceived exertion and pain scales. Champaign:
Human kinetics; 1998.

8. Bosco C, Luhtanen P, Komi PV. A simple method for meas-
urement of mechanical power in jumping. Eur J Appl Physiol.
1983;50(2):273-82.

9. Boyer A, Hug F, Avrillon S, Lacourpaille L. Individual differ-
ences in the distribution of activation among the hamstring muscle
heads during stiff-leg Deadlift and Nordic hamstring exercises. J
Sports Sci. 2021;39(16):1830-7. https://doi.org/10.1080/02640
414.2021.1899405.

10. Brockett CL, Morgan DL, Proske U. Human hamstring muscles
adapt to eccentric exercise by changing optimum length. Med Sci
Sports Exerc. 2001;33(5):783-90. https://doi.org/10.1097/00005
768-200105000-00017.

11. Burgos-Jara C, Cerda-Kohler H, Aedo-Muiioz E, Miarka B.
Eccentric resistance training: a methodological proposal of
eccentric muscle exercise classification based on exercise com-
plexity, training objectives, methods, and intensity. Appl Sci.
2023;13(13):7969. https://doi.org/10.3390/app13137969.

@ Springer


https://doi.org/
https://doi.org/10.54499/UIDB/04045/2020
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1519/JSC.0000000000004485
https://doi.org/10.1519/JSC.0000000000004485
https://doi.org/10.1371/journal.pone.0180152
https://doi.org/10.1371/journal.pone.0180152
https://doi.org/10.1007/s40279-016-0638-2
https://doi.org/10.1007/s40279-016-0638-2
https://doi.org/10.1080/14763141.2021.1992493
https://doi.org/10.1519/JSC.0000000000001826
https://doi.org/10.1519/JSC.0000000000001826
https://doi.org/10.1123/ijspp.2020-0862
https://doi.org/10.1123/ijspp.2020-0862
https://doi.org/10.1080/02640414.2021.1899405
https://doi.org/10.1080/02640414.2021.1899405
https://doi.org/10.1097/00005768-200105000-00017
https://doi.org/10.1097/00005768-200105000-00017
https://doi.org/10.3390/app13137969

Journal of Science in Sport and Exercise

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Byrne C, Twist C, Eston R. Neuromuscular function after exer-
cise-induced muscle damage: theoretical and applied implications.
Sports Med. 2004;34(1):49-69. https://doi.org/10.2165/00007
256-200434010-00005.

Chiu LZ, Fry AC, Weiss LW, Schilling BK, Brown LE, Smith SL.
Postactivation potentiation response in athletic and recreation-
ally trained individuals. J Strength Cond Res. 2003;17(4):671-7.
https://doi.org/10.1519/1533-4287(2003)017%3c067 1 :ppriaa%
3e2.0.co;2.

Coutinho D, Abade E, Gongalves B, Santos S, Schollhorn W,
Sampaio J. Acute effects from the half-squat performed using a
repetition versus differential approach in youth soccer players.
BMC Sports Sci Med Rehabil. 2022;14(1):23. https://doi.org/10.
1186/513102-022-00413-5.

Croisier JL, Ganteaume S, Binet J, Genty M, Ferret JM. Strength
imbalances and prevention of hamstring injury in profes-
sional soccer players: a prospective study. Am J Sports Med.
2008;36(8):1469-75. https://doi.org/10.1177/0363546508316764.
Cumming G. Understanding the new statistics: effect sizes, confi-
dence intervals, and meta-analysis. New York: Routledge, Taylor
& Francis Group; 2012.

de Hoyo M, Pozzo M, Sanudo B, Carrasco L, Gonzalo-Skok O,
Dominguez-Cobo S, Moran-Camacho E. Effects of a 10-week
in-season eccentric-overload training program on muscle-injury
prevention and performance in junior elite soccer players. Int J
Sports Physiol Perform. 2015;10(1):46-52. https://doi.org/10.
1123/ijspp.2013-0547.

Diamant W, Geisler S, Havers T, Knicker A. Comparison of EMG
activity between single-leg deadlift and conventional bilateral
deadlift in trained amateur athletes-an empirical analysis. Int J
Exerc Sci. 2021;14(1):187.

Douglas J, Pearson S, Ross A, McGuigan M. Eccentric exercise:
physiological characteristics and acute responses. Sports Med.
2017;47(4):663-75. https://doi.org/10.1007/s40279-016-0624-8.
Drury B, Clarke H, Moran J, Fernandes JFT, Henry G, Behm DG.
Eccentric resistance training in youth: a survey of perceptions and
current practices by strength and conditioning coaches. J Funct
Morphol Kinesiol. 2021;6(1):21. https://doi.org/10.3390/jfmk6
010021.

Ekstrand J, Bengtsson H, Waldén M, Davison M, Khan KM, Hig-
glund M. Hamstring injury rates have increased during recent
seasons and now constitute 24% of all injuries in men’s profes-
sional football: the UEFA elite club injury study from 2001/02 to
2021/22. Br J Sports Med. 2023;57(5):292-8.

Ekstrand J, Hagglund M, Walden M. Injury incidence and injury
patterns in professional football: the UEFA injury study. BrJ
Sports Med. 2011;45(7):553-8. https://doi.org/10.1136/bjsm.
2009.060582.

Ekstrand J, Hallen A, Gauffin H, Bengtsson H. Low adoption in
women’s professional football: teams that used the Nordic ham-
string exercise in the team training had fewer match hamstring
injuries. BMJ Open Sport Exerc Med. 2023;9(2): e001523. https://
doi.org/10.1136/bmjsem-2022-001523.

El-Ashker S, Chaabene H, Prieske O, Abdelkafy A, Ahmed MA,
Muaidi QI, Granacher U. Effects of neuromuscular fatigue on
eccentric strength and electromechanical delay of the knee flexors:
the role of training status. Front Physiol. 2019;10:782. https://doi.
org/10.3389/fphys.2019.00782.

Faude O, Koch T, Meyer T. Straight sprinting is the most fre-
quent action in goal situations in professional football. J Sports
Sci. 2012;30(7):625-31. https://doi.org/10.1080/02640414.2012.
665940.

Ferraz R, Gongalves B, Coutinho D, Oliveira R, Travassos B,
Sampaio J, Marques MC. Effects of knowing the task’s dura-
tion on soccer players’ positioning and pacing behaviour

Springer

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

during small-sided games. Int J Environ Res Public Health.
2020;17(11):3843. https://doi.org/10.3390/ijerph17113843.
Ferraz R, Gongalves B, Van Den Tillaar R, Jimenez Saiz S, Sam-
paio J, Marques MC. Effects of knowing the task duration on
players’ pacing patterns during soccer small-sided games. J Sports
Sci. 2018;36(1):116-22. https://doi.org/10.1080/24733938.2017.
1283433.

Gallo TF, Cormack SJ, Gabbett TJ, Lorenzen CH. Pre-training
perceived wellness impacts training output in Australian football
players. J Sports Sci. 2016;34(15):1445-51. https://doi.org/10.
1080/02640414.2015.1119295.

Gongalves B, Esteves P, Folgado H, Ric A, Torrents C, Sampaio
J. Effects of pitch area-restrictions on tactical behavior physical
and physiological performances in soccer large-sided games. J
Strength Cond Res. 2016;31(9):2398-408. https://doi.org/10.
1519/JSC.0000000000001700.

Gorostiaga EM, Izquierdo M, Ruesta M, Iribarren J, Gonzalez-
Badillo JJ, Ibanez J. Strength training effects on physical per-
formance and serum hormones in young soccer players. Eur J
Appl Physiol. 2004;91(5-6):698-707. https://doi.org/10.1007/
s00421-003-1032-y.

Hodgson C, Akenhead R, Thomas K. Time-motion analysis of
acceleration demands of 4v4 small-sided soccer games played on
different pitch sizes. Hum Mov Sci. 2014;33:25-32. https://doi.
org/10.1016/j.humov.2013.12.002.

Hooper SL, Mackinnon LT. Monitoring overtraining in athletes.
Recommendations. Sports Med. 1995;20(5):321-7. https://doi.
org/10.2165/00007256-199520050-00003.

Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive
statistics for studies in sports medicine and exercise science. Med
Sci Sports Exerc. 2009;41(1):3—-12. https://doi.org/10.1249/MSS.
0b013e31818cb278.

van der Horst N, Smits DW, Petersen J, Goedhart EA, Backx
FJG. The preventive effect of the Nordic hamstring exercise on
hamstring injuries in amateur soccer players: study protocol for a
randomised controlled trial. Inj Prev. 2014;20(4):e8—e8. https://
doi.org/10.1136/injuryprev-2013-041092.

Ishgi L, Holmich P, Aagaard P, Thorborg K, Bandholm T, Serner
A. Effects of the Nordic hamstring exercise on sprint capacity in
male football players: a randomized controlled trial. J Sports Sci.
2018:;36(14):1663-72. https://doi.org/10.1080/02640414.2017.
1409609.

Krommes K, Petersen J, Nielsen MB, Aagaard P, Holmich P,
Thorborg K. Sprint and jump performance in elite male soccer
players following a 10-week Nordic hamstring exercise protocol: a
randomised pilot study. BMC Res Notes. 2017;10(1):669. https://
doi.org/10.1186/s13104-017-2986-x.

Lovell R, Siegler JC, Knox M, Brennan S, Marshall PW. Acute
neuromuscular and performance responses to Nordic hamstring
exercises completed before or after football training. J Sports Sci.
2016;34(24):2286-94. https://doi.org/10.1080/02640414.2016.
1191661.

Lovell R, Whalan M, Marshall PWM, Sampson JA, Siegler JC,
Buchheit M. Scheduling of eccentric lower limb injury prevention
exercises during the soccer micro-cycle: which day of the week?
Scand J Med Sci Sports. 2018;28(10):2216-25. https://doi.org/10.
1111/sms.13226.

Mackala K, Stodolka J, Siemienski A, Coh M. Biomechanical
analysis of squat jump and countermovement jump from varying
starting positions. J Strength Cond Res. 2013;27(10):2650-61.
https://doi.org/10.1519/JSC.0b013e31828909¢c.

Malone S, Owen A, Newton M, Mendes B, Tiernan L, Hughes
B, Collins K. Wellbeing perception and the impact on external
training output among elite soccer players. J Sci Med Sport.
2018;21(1):29-34. https://doi.org/10.1016/j.jsams.2017.03.019.


https://doi.org/10.2165/00007256-200434010-00005
https://doi.org/10.2165/00007256-200434010-00005
https://doi.org/10.1519/1533-4287(2003)017%3c0671:ppriaa%3e2.0.co;2
https://doi.org/10.1519/1533-4287(2003)017%3c0671:ppriaa%3e2.0.co;2
https://doi.org/10.1186/s13102-022-00413-5
https://doi.org/10.1186/s13102-022-00413-5
https://doi.org/10.1177/0363546508316764
https://doi.org/10.1123/ijspp.2013-0547
https://doi.org/10.1123/ijspp.2013-0547
https://doi.org/10.1007/s40279-016-0624-8
https://doi.org/10.3390/jfmk6010021
https://doi.org/10.3390/jfmk6010021
https://doi.org/10.1136/bjsm.2009.060582
https://doi.org/10.1136/bjsm.2009.060582
https://doi.org/10.1136/bmjsem-2022-001523
https://doi.org/10.1136/bmjsem-2022-001523
https://doi.org/10.3389/fphys.2019.00782
https://doi.org/10.3389/fphys.2019.00782
https://doi.org/10.1080/02640414.2012.665940
https://doi.org/10.1080/02640414.2012.665940
https://doi.org/10.3390/ijerph17113843
https://doi.org/10.1080/24733938.2017.1283433
https://doi.org/10.1080/24733938.2017.1283433
https://doi.org/10.1080/02640414.2015.1119295
https://doi.org/10.1080/02640414.2015.1119295
https://doi.org/10.1519/JSC.0000000000001700
https://doi.org/10.1519/JSC.0000000000001700
https://doi.org/10.1007/s00421-003-1032-y
https://doi.org/10.1007/s00421-003-1032-y
https://doi.org/10.1016/j.humov.2013.12.002
https://doi.org/10.1016/j.humov.2013.12.002
https://doi.org/10.2165/00007256-199520050-00003
https://doi.org/10.2165/00007256-199520050-00003
https://doi.org/10.1249/MSS.0b013e31818cb278
https://doi.org/10.1249/MSS.0b013e31818cb278
https://doi.org/10.1136/injuryprev-2013-041092
https://doi.org/10.1136/injuryprev-2013-041092
https://doi.org/10.1080/02640414.2017.1409609
https://doi.org/10.1080/02640414.2017.1409609
https://doi.org/10.1186/s13104-017-2986-x
https://doi.org/10.1186/s13104-017-2986-x
https://doi.org/10.1080/02640414.2016.1191661
https://doi.org/10.1080/02640414.2016.1191661
https://doi.org/10.1111/sms.13226
https://doi.org/10.1111/sms.13226
https://doi.org/10.1519/JSC.0b013e31828909ec
https://doi.org/10.1016/j.jsams.2017.03.019

Journal of Science in Sport and Exercise

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Marshall PW, Lovell R, Knox MF, Brennan SL, Siegler JC. Ham-
string fatigue and muscle activation changes during six sets of
nordic hamstring exercise in amateur soccer players. J Strength
Cond Res. 2015;29(11):3124-33. https://doi.org/10.1519/JSC.
0000000000000966.

McCall A, Carling C, Nedelec M, Davison M, Le Gall F, Berth-
oin S, Dupont G. Risk factors, testing and preventative strategies
for non-contact injuries in professional football: current percep-
tions and practices of 44 teams from various premier leagues. Br
J Sports Med. 2014;48(18):1352—7. https://doi.org/10.1136/bjspo
rts-2014-093439.

McKay AKA, Stellingwerff T, Smith ES, Martin DT, Mujika I,
Goosey-Tolfrey VL, Sheppard J, Burke LM. Defining training and
performance caliber: a participant classification framework. Int J
Sports Physiol Perform. 2022;17(2):317-31. https://doi.org/10.
1123/ijspp.2021-0451.

Mjglsnes R, Arnason A, @sthagen T, Raastad T, Bahr R. A
10-week randomized trial comparing eccentric vs. concentric
hamstring strength training in well-trained soccer players. Scand
J Med Sci Sports. 2004;14(5):311-7. https://doi.org/10.1046/].
1600-0838.2003.367.x.

Morin JB, Samozino P. Interpreting power-force-velocity pro-
files for individualized and specific training. Int J Sports Phys-
iol Perform. 2016;11(2):267-72. https://doi.org/10.1123/ijspp.
2015-0638.

Proske U, Allen TJ. Damage to skeletal muscle from eccentric
exercise. Exerc Sport Sci Rev. 2005;33(2):98-104. https://doi.org/
10.1097/00003677-200504000-00007.

Renfree A, Martin L, Micklewright D, Gibson SCA. Application
of decision-making theory to the regulation of muscular work rate
during self-paced competitive endurance activity. Sports Med.
2014;44(2):147-58. https://doi.org/10.1007/s40279-013-0107-0.
Rey E, Corredoira FJ, Costa PB, Pérez-Ferreir6s A, Fernandez-
Villarino MA. Acute effects of training load on contractile proper-
ties during a competitive microcycle in elite soccer players. Biol
Sport. 2020;37(2):157—-63. https://doi.org/10.5114/biolsport.2020.
93041.

Roig M, O’Brien K, Kirk G, Murray R, McKinnon P, Shadgan B,
Reid WD. The effects of eccentric versus concentric resistance
training on muscle strength and mass in healthy adults: a system-
atic review with meta-analysis. Br J Sports Med. 2009;43(8):556—
68. https://doi.org/10.1136/bjsm.2008.051417.

Sarabon N, Marusic J, Markovic G, Kozinc Z. Kinematic and elec-
tromyographic analysis of variations in Nordic hamstring exercise.
PLoS ONE. 2019;14(10): e0223437. https://doi.org/10.1371/journ
al.pone.0223437.

Schuermans J, Van Tiggelen D, Danneels L, Witvrouw E.
Biceps femoris and semitendinosus—teammates or competitors?

53.

54.

55.

56.

57.

58.

59.

60.

61.

New insights into hamstring injury mechanisms in male foot-
ball players: a muscle functional MRI study. Br J Sports
Med. 2014;48(22):1599-606. https://doi.org/10.1136/bjspo
rts-2014-094017.

Shield AJ, Bourne MN. Hamstring injury prevention practices
in elite sport: evidence for eccentric strength vs. lumbo-pelvic
training. Sports Med. 2018;48(3):513-24. https://doi.org/10.1007/
s40279-017-0819-7.

Small K, McNaughton L, Greig M, Lovell R. Effect of timing of
eccentric hamstring strengthening exercises during soccer train-
ing: implications for muscle fatigability. J Strength Cond Res.
2009;23(4):1077-83. https://doi.org/10.1519/JSC.0b013e3181
94df5c.

Suarez-Arrones L, de Villarreal S, Eduardo N, Javier F, Salvo Di,
Valter P, Cristian B, Alessandro M, Angel R, Torreno N, Men-
dez-Villanueva A. In-season eccentric-overload training in elite
soccer players: effects on body composition, strength and sprint
performance. PLoS ONE. 2018;13(10):e0205332. https://doi.org/
10.1371/journal.pone.0205332.

Timmins RG, Opar DA, Williams MD, Schache AG, Dear NM,
Shield AJ. Reduced biceps femoris myoelectrical activity influ-
ences eccentric knee flexor weakness after repeat sprint running.
Scand J Med Sci Sports. 2014;24(4):¢299-305. https://doi.org/10.
1111/sms.12171.

van Dyk N, Behan FP, Whiteley R. Including the Nordic ham-
string exercise in injury prevention programmes halves the rate of
hamstring injuries: a systematic review and meta-analysis of 8459
athletes. BrJ Sports Med. 2019;53(21):1362-70. https://doi.org/
10.1136/bjsports-2018-100045.

Waldron M, Highton J. Fatigue and pacing in high-intensity inter-
mittent team sport: an update. Sports Med. 2014;44(12):1645-58.
https://doi.org/10.1007/s40279-014-0230-6.

Willmott AGB, James CA, Bliss A, Leftwich RA, Maxwell NS.
A comparison of two global positioning system devices for team-
sport running protocols. J Biomech. 2019;83:324-8. https://doi.
org/10.1016/j.jbiomech.2018.11.044.

Wilson JM, Duncan NM, Marin PJ, Brown LE, Loenneke JP, Wil-
son SM, Jo E, Lowery RP, Ugrinowitsch C. Meta-analysis of post-
activation potentiation and power: effects of conditioning activity,
volume, gender, rest periods, and training status. J Strength Cond
Res. 2013;27(3):854-9. https://doi.org/10.1519/JSC.0b013e3182
5c¢2bdb.

Winter EM, Maughan RJ. Requirements for ethics approvals. J
Sports Sci. 2009;27(10):985. https://doi.org/10.1080/0264041090
3178344.

@ Springer


https://doi.org/10.1519/JSC.0000000000000966
https://doi.org/10.1519/JSC.0000000000000966
https://doi.org/10.1136/bjsports-2014-093439
https://doi.org/10.1136/bjsports-2014-093439
https://doi.org/10.1123/ijspp.2021-0451
https://doi.org/10.1123/ijspp.2021-0451
https://doi.org/10.1046/j.1600-0838.2003.367.x
https://doi.org/10.1046/j.1600-0838.2003.367.x
https://doi.org/10.1123/ijspp.2015-0638
https://doi.org/10.1123/ijspp.2015-0638
https://doi.org/10.1097/00003677-200504000-00007
https://doi.org/10.1097/00003677-200504000-00007
https://doi.org/10.1007/s40279-013-0107-0
https://doi.org/10.5114/biolsport.2020.93041
https://doi.org/10.5114/biolsport.2020.93041
https://doi.org/10.1136/bjsm.2008.051417
https://doi.org/10.1371/journal.pone.0223437
https://doi.org/10.1371/journal.pone.0223437
https://doi.org/10.1136/bjsports-2014-094017
https://doi.org/10.1136/bjsports-2014-094017
https://doi.org/10.1007/s40279-017-0819-7
https://doi.org/10.1007/s40279-017-0819-7
https://doi.org/10.1519/JSC.0b013e318194df5c
https://doi.org/10.1519/JSC.0b013e318194df5c
https://doi.org/10.1371/journal.pone.0205332
https://doi.org/10.1371/journal.pone.0205332
https://doi.org/10.1111/sms.12171
https://doi.org/10.1111/sms.12171
https://doi.org/10.1136/bjsports-2018-100045
https://doi.org/10.1136/bjsports-2018-100045
https://doi.org/10.1007/s40279-014-0230-6
https://doi.org/10.1016/j.jbiomech.2018.11.044
https://doi.org/10.1016/j.jbiomech.2018.11.044
https://doi.org/10.1519/JSC.0b013e31825c2bdb
https://doi.org/10.1519/JSC.0b013e31825c2bdb
https://doi.org/10.1080/02640410903178344
https://doi.org/10.1080/02640410903178344

	Impact of Eccentric Exercises on Soccer Players’ External Load, Muscle Soreness and Physical Performance: A Comparative Study of Pre and Post-Training Routines
	Abstract
	Introduction
	Methods
	Participants
	Procedures
	Training
	Testing
	Rate of Perceived Exertion 
	Sleep, Stress, Fatigue and Muscle Soreness Monitor 
	Jumping Performance (Countermovement Jump) 
	Linear Sprint Tests (10 and 30 m Sprint) 
	External Load 


	Statistical Analysis

	Results
	Internal and External Load Effects on Training Days

	Discussion
	Strength before Soccer Training
	Strength after Soccer Training

	Conclusions
	References


