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ABSTRACT

This randomised controlled trial examined the effect of volume-equated programmes of Nordic ham-
string exercise (NHE) training, executed at frequencies of 1- or 2-days per week, on explosive athletic tasks
(30 m sprint, 15 m manoeuvrability and standing long jump [SLJ]) in male youth soccer players (mean
age: 10.3 £ 0.5 years). Players were divided into an experimental group (n = 31) which was further
subdivided into 1-day (n = 16) and 2-days (n = 15) per week training conditions, and a control group
(n = 14). There were significant group-by-time interactions for 30-m sprint (p < 0.001, d = 0.6), SLJ
(p = 0.001, d = 1.27) and 15 m manoeuvrability (p < 0.001, d = 0.61). The experimental group demon-
strated small to moderate effect sizes in 30-m sprint (d = 0.42, p = 0.077), SLJ (d =0.97, p < 0.001) and 15 m
manoeuvrability (d = 0.61, p < 0.001). The control group showed small significant performance decre-
ments or no change in these variables. There were no significant differences between the 1-day and 2-day
training groups. In two of the three tests (30 m sprint, SLJ) the 2-day group demonstrated larger effect
sizes. The NHE enhances explosive athletic task performance in prepubertal youth soccer players and
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there may be only small advantages to spreading training over two days instead of one.

Introduction

Strength training of the hip extensors is crucial to the develop-
ment of proficient movement in athletes with the concurrent
“triple extension” of the hip, knee and ankle joints a primary
characteristic of vital athletic movements such as running,
jumping, and changing direction quickly (Lorenz, 2016). The
Nordic Hamstring Exercise (NHE) has been shown to be an
effective method with which to enhance a number of different
metrics, driving positive adaptations in muscle strength (Drury
et al., 2020), sprinting speed (Raya-Gonzdlez et al., 2021),
change of direction speed (Siddle et al., 2019) and jump height
(Vaczi et al., 2022) in a variety of young athletic populations. In
addition to the performance-enhancing benefits that the NHE
offers, it is time-efficient, easy to perform and is a highly prac-
ticable exercise with no equipment required for execution,
meaning it can be performed in a variety of different sporting
settings (Bahr et al., 2015; Petersen et al., 2011). This is highly
important in environments in which resistance exercise is deliv-
ered to youths with time (Pichardo et al., 2019) and equipment
(Drury, Clarke et al., 2021) constraints acting as potential bar-
riers to the carrying out of meaningful training sessions that
conform to conventional programming guidelines (Lloyd et al.,
2014). However, despite the benefits of the NHE, some doubts
have previously been expressed with regard to its use in youth
populations due to the exercise’s high level of intensity, which
can lead to delayed onset muscle soreness (Van Der Horst et al.,

2015), and youths’ inappropriate preparedness to cope with
exposure to the method. This is perhaps one of the reasons why
so few investigations have been undertaken in prepubertal
youth populations, though a lack of lack of coach supervision
or specific support at that stage of development might also
contribute to this problem.

While some studies have investigated the effect of the
NHE on various markers of strength in male prepubertal
youths (Drury et al., 2020; Tansel et al, 2008), to date, to
the best of our knowledge, just a single intervention
(Hammami et al., 2022) has evaluated the effect of NHE
training, albeit combined with other strength exercises, on
basic athletic skills such as sprinting and jumping in this
population. This is an important gap in the literature to
address given the importance of such skills for both health
(Han et al., 2018) and sport performance (Myer et al., 2013)
in youth populations. Detailing the lack of studies in pre-
pubertal populations, a recent meta-analysis (Moran et al.,
2017), focusing on male youth athletes, indicated that such
individuals adapted to resistance training to a lower magni-
tude in comparison to those who had experienced the
growth spurt. Indeed, adaptations to resistance training in
youth are related to hormonal profiles and development of
the musculoskeletal system with lower levels of testoster-
one, IGF-1 and growth hormone impeding substantial mor-
phological changes prior to puberty (McNarry et al., 2014;
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Moran, Sandercock, Ramirez-Campillo et al., 2018; Moran
et al., 2017). This potentially leaves prepubertal youth reli-
ant on fewer pathways of adaptation than more mature
individuals (Moran, Sandercock, Ramirez-Campillo et al.,
2018), with neural mechanisms, such as enhanced excita-
tion-contraction coupling (Ramsay et al., 1990), more likely
to underpin any observed changes in strength due to train-
ing. Accordingly, further studies, which clarify the degree to
which prepubertal youths might adapt to practically viable
resistance training, such as the NHE, are required.

In addition to the above, for youths who wish to partake in
sport, available time is often cited as a sizeable constraint to
participation (Kuhn et al., 2021). Similarly, time constraints have
also been highlighted as a common reason for coaches to forgo
adherence to neuromuscular training in youth athletes
(Owoeye et al., 2020). Given the importance of resistance train-
ing in supporting both the physical (Cohen et al., 2021; Moran,
Sandercock, Ramirez-Campillo et al., 2018) and psychosocial
development (Collins, Booth, Duncan, Fawkner et al., 2019) of
youth, the precise and accurate integration of time-efficient
methods into the weekly schedule is of paramount importance.
Despite this, to date, the optimal frequency of different types of
resistance training remains unknown. In this context, we are
aware of just one (Medeiros et al., 2020) study that evaluated
the effects of different frequencies of NHE training with
Medeiros et al. (Medeiros et al., 2020) finding that only a two day
protocol resulted in increased strength of the hamstring mus-
cles in an adult athletic population. However, in this study, the
training volumes were not equated between the groups with
the 2-day group undertaking twice the amount of work as the
participants in the 1-day group, meaning that overall training
volume was an uncontrolled confounding variable of the pro-
gramme design. Furthermore, a recent meta-analysis (Cuthbert
et al., 2021) reported no significant differences in muscle
strength when well-trained populations were exposed to
volume-equated resistance training programmes of different
frequencies in the same week. Another meta-analysis by the
same group (Cuthbert et al., 2020) revealed that lower volumes
of NHE training were equally effective as higher volumes at
increasing eccentric hamstring strength, yet only one of the
included interventions was conducted in a prepubertal
population.

On the basis of the above presented evidence, we sought to
determine the effectiveness of NHE training in enhancing per-
formance in explosive athletic tasks (i.e. standing long jump
[SLJ], 15 m manoeuvrability and 30 m sprint) in prepubertal
youth soccer players. Alongside this aim, in the interests of
programming efficiency, we were interested in determining
the effect of volume-equated 1- and 2-day per week formats
of NHE on the same parameters of explosive athletic perfor-
mance in these players. We hypothesised that NHE training
would result in improved performance in all the dependent
variables and that the 1-day format would be just as effective as
the 2-day format.

Materials and methods

The purpose of this randomised controlled trial was to deter-
mine the effect of adding eight weeks of NHE training to the

regular routine of youth soccer players, examining the effect on
performance of explosive athletic tasks. A parallel aim was to
evaluate the effect on physical performance of a volume-
equated programme executed at frequencies of one or two
training sessions per week in different experimental groups.
Figure 1 outlines the recruitment process and information on
the interventions received. The study was conducted according
to the latest version of the Declaration of Helsinki and the
protocol was fully approved by the university ethics committee
prior to the commencement of any assessments.

Participants

Forty-five young soccer players, aged between 9.4 and
11.5 years, from the same club which played at the local
regional level, took part in this study. Participants’ charac-
teristics are shown in Table 1. The players were randomly
assigned to two different exercise groups (n = 31) or a con-
trol group (n = 14). One experimental group executed NHE
training on one day per week (1-day group, n = 16) and the
other undertook an identical volume of NHE training which
was divided across two days of the week (2-day group,
n = 15). All participating players had identical daily school
schedules. Before the start of the study, participants were
given a letter that included written information about the
experimental procedure with a parental consent request.
Parental and participant informed consent was obtained
after a thorough explanation of the objectives, scope, pro-
cedures, risks, and benefits of the study. None of the parti-
cipating athletes had a history of musculoskeletal,
neurological, or orthopaedic disorders that might have
impaired their ability to execute the prescribed tasks/tests.
The sample size estimation was computed using G*Power
software (version 3.1.9.6). We conducted an a priori sample
size calculation for sprint time based on a similar study from
Chaabene et al. (Chaabene et al.,, 2020). We set a type
| error rate of 0.05 and 80% statistical power. The estimated
effect size of Cohen’s d = 0.78 is based on the effects of
NHE on explosive athletic performance in youth athletes
over a similar time period. The analysis indicated that
seven participants per group would represent a sufficient
sample. We recruited at least 14 to each group.

Procedures

All procedures were performed during the second half of the
competitive soccer season (February and March 2022). Before
the experiment, all athletes participated in two orientation
sessions to familiarise themselves with the experimental pro-
cedures and to minimise the learning effect on test perfor-
mance. Participants undertook the SLJ test, a 30 m sprint and
a 15-m manoeuvrability test before and after the eight-week
NHE training programme. Procedures followed a general warm-
up that consisted of running, callisthenics, and stretching.

Anthropometrics

Participants’ stature and body mass were collected using a wall-
mounted stadiometer and electronic scales, respectively. To
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[ Enrollment ] Assessed for eligibility (n=45)
Excluded (n=0)
+ Not meeting inclusion criteria (n=0)
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Figure 1. The diagram (The CONSORT: Consolidated Standards of Reporting Trials) includes detailed information on the interventions received.

estimate the maturity status of the participants, a redeveloped
version of the maturity offset method was used (Moore et al.,
2015). This assessment is a non-invasive and practical method
of predicting years from peak height velocity (PHV) as
a measure of maturity offset using height and age as variables
(PHV = — 7.999994 + (0.0036124 x age X height)). Body mass
index was calculated as mass per height squared (kg/m2) with
the calculations used to determine body fat percentage using
an equation (BF% = 1.51 x BMI - 0.70 x age - 3.6 x sex + 1.4;
Deurenberg et al.,, 1991).

Table 1. Physical characteristics (mean-SD) of the participants.

2-day group 1-day group Control group

Age (yrs) 10.22(0.39) 10.38(0.57) 10.41(0.62)
Height (cm) 139.0(5.86) 140.19(5.92) 138.07(5.61)
Body mass (kg) 32.63(4.67) 33.88(5.93) 32.07(3.30)
Maturity offset —2.87(0.31) —2.74(0.44) —2.80(0.50)
Body fat 12.35(3.86) 12.77(4.12) 12.47(4.16)
Years of experience 3.33(0.49) 3.69(0.48) 3.71(0.47)

Horizontal jump test

For the SLJ, athletes adopted a bilateral stance just behind the
starting line and were instructed to push off vigorously from the
ground, jumping forward as far as possible. The distance jumped
was measured in centimetres from the start line at take-off to the
position of the heel on landing, using a metal tape. Test retest
reliability for the SLJ has previously demonstrated excellent
reliability (ICC = 0.91, range = 0.83-0.96; Hammami et al., 2016).

Sprint tests

Running speed was evaluated using a 30-m maximal sprint test.
Participants sprinted as fast as possible from a stationary stand-
ing position located 20 cm behind the first timing gate at the
start line. The start stance was consistent for each participant.
Time was automatically recorded using photocell gates (Brower
Timing Systems, Salt Lake City, Utah, USA, 195 accuracy of 0.01
s) placed 0.4-m above the ground (Chaouachi et al., 2014;
Sariati et al., 2021). Participants performed two trials with at
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least two minutes of rest between each one. The run with the
best 30-m time was selected for analysis. Excellent test-retest
reliability (ICC = 0.99) has previously been reported for this
protocol (Shalfawi et al., 2012).

Manoeuvrability test

For the 15 m manoeuvrability test, players started by running
from a distance of 3 m behind the starting line where the
aforementioned timing gates were positioned. The players
performed 3-m of straight running before entering
a 3-m slalom section marked by three aligned vertically stand-
ing poles (1.6 m of height), placed 1.5 m apart. They then
cleared a 0.5-m hurdle placed 2-m beyond the third pole.
Finally, players ran 7-m to break the second set of timing
gates, which stopped the timer (Mujika et al., 2009). Excellent
test-retest reliability has been reported for this test, with an ICC
value of 0.94 (0.86, 0.97; Chaalali et al., 2016).

Training programme

The NHE training intervention period lasted for eight weeks.
The players were randomly allocated into one of three groups.
Every participant was identified by an ID number which was
entered into an online randomiser (https://www.randomizer.
org/) which arranged the participants into groups. One group
executed NHE training on one day per week (1-day group) and
the other undertook an identical volume of NHE training which
was divided across two days of the week (2-day group), the
details of which are in Table 2. Both groups, as well as the
control group, executed their usual soccer training activities.
The training programme was based on a pooled analysis of
previous NHE studies (Cuthbert et al., 2020) and was performed
prior to team training, on Tuesdays and Thursdays, to ensure it
was executed in a non-fatigued state (Lovell et al., 2018). The
NHE was performed by the 1-day group in the first training
session of the week and by the 2-day group in the first
and second training sessions of the week, with 48 hours
between sessions. The NHE was performed as per a previous
study in a similar population of youth soccer players (Drury
et al., 2020). For performance of the NHE, participants were
instructed to kneel on the ground with their ankles secured in
place by a partner who orientated their weight downwards to
prevent any movement of the joint. The participant who was
executing the NHE was positioned such that the ankles were
perpendicular to the lower leg. To execute the exercise, the

Table 2. Training intervention.

participant gradually lowered the upper body, attempting to
resist the downward movement by contracting the hamstring
and gluteal muscles, to prevent hip flexion and lordosis, and
aligning the trunk and hips in a neutral position throughout
performance. The arms were held around the chest and flexed
at the elbow joints such that the palms of the hands were
facing the shoulder joints. Participants were allowed to use
their arms in the final stages of the movement to buffer the
fall as their upper body approached the ground. From there,
they ascended back to the start position using their arms
before repeating to complete the assigned amount of repeti-
tions. Following completion of the assigned number of repeti-
tions, the participant swapped roles with their partner to repeat
the process. This facilitated an inter-set rest of at least
one minute (Drury, Peacock et al., 2021).

Statistical analyses

Statistical analyses were carried out using JASP (version 10.2,
University of Amsterdam). Normality and equality of variances
for all data were checked with the Shapiro-Wilk and Levene
tests respectively. A repeated-measures ANOVA was used to
detect statistically significant (p < 0.05) changes in the depen-
dent variables with Tukey-adjusted post-hoc tests conducted to
identify statistically significant comparisons. In addition to this
null hypothesis testing, we also calculated Cohen’s d effect
sizes (ES) which were classified as “trivial” (<0.2) “small” (0.2-
0.59), “moderate” (0.6-1.19), “large” (1.2-1.99), or “very large”
(>2; Hopkins et al., 2009).

Results

Effect of the intervention: experimental groups combined
vs. control group

Both groups achieved a 100% attendance rate. After the inter-
vention, our analyses revealed significant group by time inter-
actions for SLJ (df = 1, F = 12.194, p = 0.001, d = 1.27), 15 m
manoeuvrability (df = 1, F = 27.638, p < 0.001, d = 0.61) and
30 m sprint (df = 1, F = 13.493, p < 0.001, d = 0.60). In the post
hoc analyses, the experimental group demonstrated “small” to
“moderate” effect sizes representing positive changes in per-
formance. By comparison, the control group experienced
a trivial performance increase (SLJ) and statistically significant
performance decrements in 15 m manoeuvrability and 30 m
sprint. These findings are summarised in Figure 2 and Table 3.

Day 1 (sets x repetitions)

Day 2 (sets x repetitions)

Group 2-day group 1-day group Control 2-day group 1-day group Control
Week 1 2x5 4x5 Skills 2x5 Skills Skills
Week 2 2x5 4x5 Skills 2x5 Skills Skills
Week 3 2x6 4x6 Skills 2x6 Skills Skills
Week 4 2x6 4x6 Skills 2x6 Skills Skills
Week 5 3x6 6Xx6 Skills 3x6 Skills Skills
Week 6 3x6 6x6 Skills 3x6 Skills Skills
Week 7 3x8 6x8 Skills 3x8 Skills Skills
Week 8 3x8 6x8 Skills 3x8 Skills Skills

Intensity: exercises were performed with maximal effort (intensity: 100%), Rest: 1-2 min between sets.
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Figure 2. Results of the experimental vs control analysis.
Table 3. Results of the experimental vs control analysis.
Group Baseline (Mean, SD) Follow up (Mean, SD) d 95% Confidence interval Tukey (p < 0.05)
Control 5.29 0.34 5.56 0.36 —-0.70 —1.42 to 0.02 0.041
30 m sprint Experimental 5.50 0.42 533 0.40 0.42 —0.06 to 0.91 0.077
Control 3.95 0.42 414 0.38 —-0.50 —1.07 to 0.07 0.031
15 m manoeuvrability Experimental 4.15 0.43 3.91 0.37 0.61 0.24 to 0.97 <0.001
Control 139.6 17.9 141.1 16.4 0.13 —0.42 to 0.67 0.922
Standing long jump Experimental 145.4 135 160.0 13.2 0.97 0.50 to 1.43 <0.001
Intervention comparison: 1-day group vs. 2-day group Discussion

After the intervention, there were no significant differences
between the 1-day and 2-day training groups in any of the
measured performance variables (Figure 3 and Table 4). In the
post hoc analyses, both groups experienced significant
increases in physical performance in both SLJ and 15 m man-
oeuvrability, with neither group achieving this in 30 m sprint.
The 2-day group was, however, on the threshold of statistical
significance with an effect size that far exceeded that of the
1-day group. There was a similar trend for SLJ with the 2-day
group achieving a large effect size, relative to the moderate
effect observed in the 1-day group.

This randomised controlled trial examined the effect of volume-
equated programmes of NHE training, executed at frequencies
of 1- or 2-days per week, on explosive athletic tasks (30 m
sprint, 15 m manoeuvrability and SLJ) in male youth soccer
players. The results of the study show that incorporating the
NHE exercise into the training schedule of prepubertal youth
soccer players can result in small to moderate increases in the
aforementioned explosive athletic tasks. The control group in
this study experienced either no significant changes in perfor-
mance, or significant decreases indicating that its performance
worsened over the course of the intervention. Accordingly, the

5.8 Group 4.4 Group 170 Group
5.7 O 1-day 4.3 — O 1-day O 1l-day
5.6 ® 2-days 4.2 - ® 2-days 160 - ® 2-days
w1 )
2 5.5 T 4.1
2 S
g 5.4 4 g 4 —
5.3 - 3.9 150 —
5.2 3.8
5.1- 3.7 - 140 -
[ 1 1 [
Pre Post Pre Post Pre Post
30-m sprint 15-m manoeuvrability Standing long jump

Figure 3. Results of the 1-day vs 2-day analysis.

Table 4. Results of the 1-day vs 2-day analysis.

Group Baseline (Mean, SD) Follow up (Mean, SD) d 95% Confidence interval Tukey (p < 0.05)
30 m sprint 1-day group 5.51 0.45 5.42 0.47 0.23 —0.40 to 0.86 0.753
2-day group 5.48 0.41 5.24 0.30 0.60 —0.08 to 1.28 0.069
15 m manoeuvrability 1-day group 4.22 0.39 3.97 0.36 0.61 0.09 to 1.14 0.006
2-day group 4.07 0.48 3.84 0.37 0.59 0.06 to 1.13 0.011
Standing long jump 1-day group 145.5 16.54 156.13 13.3 0.84 0.167 to 1.51 0.003
2-day group 145.27 9.88 164.13 12.21 1.39 0.60 to 2.19 <0.001
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results of the current study demonstrate that additional train-
ing may be required to enhance performance as the playing of
a particular sport is not necessarily sufficient to increase impor-
tant athletic abilities such as sprinting and jumping. In addition
to this, the results of the current study show that despite both
the 1-day and 2-day groups experiencing similar increases in
performance following the study, there was no statistically
significant differences between the groups indicating that coa-
ches can interchangeably prescribe both 1- and 2-day formats
of NHE training with a view to enhancing explosive athletic
performance in young athletes. These results are very impor-
tant in that they are observed in prepubertal youths for which,
to the best of our knowledge, only three previous eccentric
training intervention studies (Drury et al., 2020; Hammami et al.,
2022; Tansel et al., 2008) have been carried out, thus making
definitive conclusions difficult to make in this population.

The positive changes we observed are likely due to
a combination of increased fascicle length (Timmins et al.,
2016), and eccentric muscle strength which can underpin per-
formance changes in sprints over different distances (Bautista
et al,, 2021). During execution of the NHE, the bicep femoris
muscle has been shown to actively lengthen as hip and knee
extension occurs (Raiteri et al., 2021). Consequently, the NHE
facilitates replication of the lengthening action of the ham-
string muscles during sprinting movements. For example, as
sprint speed increases the bicep femoris experiences an
increase in musculotendon stretch due to the negative work
it performs during the swing phase of the gait cycle (Chumanov
et al,, 2011). As a result, structural changes such as increased
fascicle length that occur following NHE training in male youth
athlete (Lacome et al., 2020) may have positive influences on
sprint performance. Similarly, it appears that strength adapta-
tions are stimulated by increases in eccentric maximal volun-
tary contraction force of the hamstrings (as measured during
oppositional knee flexion) and enhanced electromyographic
activity of the biceps femoris and semitendinosus muscles
(Delahunt et al., 2016). It is unclear what combination of these
factors may have contributed to the performance increases we
observed in the current study and so future work can focus on
the relative contributions of these mechanisms.

The implications of our findings are not only important for
physical performance in youth, but also to offset the chances of
injury which can be caused due to early sport specialisation,
a common issue in youth athletes (Bell et al., 2018). Indeed,
previous data in young soccer players (under 9 to 14) suggest
that as much as 97% of training time is devoted to the specific
execution of soccer activities with little time devoted to other
forms of programming (Brownlee et al., 2018). Alongside this, it
has been demonstrated that as youths mature, they become
sequentially less flexible, thus exposing the hamstrings to
greater injury risk as a player grows (Daga et al., 2021). It is
likely that adaptations such as increased muscle strength and
fascicle length can offset the likelihood of injury occurring
(Howatson et al., 2007; Hyldahl et al., 2017), enabling a player
to meet the often gruelling performance demands of their
sport. Indeed, these factors can also act as a form of protection
from high volumes of training, with eccentric training providing
damage resistance via the repeated bout effect (Howatson
et al,, 2007; Hyldahl et al,, 2017). It has previously been posited

that the classification of an individual as an “athlete” at a young
age can induce unnecessary competitive pressures and a drift
away from the initial and fundamental purposes of sports
participation, such as the development of key motor skills
(Merkel, 2013). Fundamental movement skills (FMS), such as
those tested (i.e. running, jumping) in the current study (Collins,
Booth, Duncan, Fawkner et al., 2019), have been suggested to
be important for the development of physical capacities such
as muscular strength in children (Faigenbaum et al., 2019). In
turn, the strengthening of muscles is also effective for the
development of FMS with a balanced programme of physical
development vital for the overall health of the growing child
(Faigenbaum et al., 2019). In this way, the goals of muscle
strengthening and development of FMS in children are sym-
biotic. However, despite these well accepted assertions, con-
temporary children are less fit than those in previous
generations (Faigenbaum et al., 2019) and this is compounded
by the recently reported reduction in the time devoted to
physical education and activity in both the US (Katzmarzyk
etal., 2018) and the UK (DfE does not plan to change curriculum
PE requirement, 2019), even prior to the Covid 19 pandemic.

Given the above information, the execution of a simple and
effective NHE programme that is easy to coach, and does not
require specialist equipment, seems a time-efficient way to
underpin the development of FMS in children. A lack of equip-
ment is often cited as a barrier to programming resistance
training in youth (Drury, Clarke et al., 2021), however, such
equipment is not necessarily required to construct an effective
plan. To this end, exercises such as the NHE are a safe and
effective way of building eccentric strength in the hamstrings in
a prepubertal youth population (Drury et al, 2020).
Accordingly, sport coaches and physical education practi-
tioners can incorporate the NHE into the pre-session warm up
or main body of a standard training session (Kilding et al., 2008),
utilising the exercise to underpin the learning and performance
of traditional FMS that should be part of any comprehensive
programme of physical preparation for the young athlete (Ryan
et al., 2018). Indeed, using the example of an elite academy
from England'’s Premier League, there appear to be few differ-
ences between a traditional strength and conditioning pro-
gramme and a typical approach to developing physical
literacy in young children (Duncan et al., 2018). For example,
the youth physical development programme of a leading pro-
fessional club (Ryan et al., 2018) has been focused on the
establishment of competence in the execution of FMS such as
running and jumping, an approach that shares numerous simi-
larities with other school- and community-based physical lit-
eracy programmes detailed in the literature (Duncan et al,,
2018; Han et al., 2018). In this way, many of the performance
tests that are used to gauge movement skill in a youth soccer
academy session can be utilised by practitioners working with
so called “non-athletes” in the community and the incorpora-
tion of traditional strength and conditioning exercises like the
NHE, that are easy to implement, seems a logical step to
improving FMS in all youth.

The concept of maturation status must also be discussed in
the context of this investigation. Given the lack of studies on
NHE in prepubertal youths, we are aware of just one other
intervention (Hammami et al., 2022) which investigated the



effect of NHE on running speed in young athletes. Hammami
et al. (Hammami et al., 2022) reported small to moderate effect
sizes following general eccentric hamstring training in pre- and
mid-pubertal handball players, observing larger effect sizes and
statistical significance in the pre-pubertal group. Those results
were in line with the current research and we also observed
small to moderate effects in the experimental group. When
programming resistance exercise in youth, coaches should con-
sider the degree to which their trainees’ adaptability can be
affected by their level of physical maturity. Indeed, this can be
impacted by an individual's body size with greater mass of the
upper torso meaning higher strength levels are required to
decelerate that mass in larger youths. It has previously been
demonstrated that prepubertal youths may respond to resis-
tance exercise to a lower degree than their mid- and post-
pubertal counterparts, thus the incorporation of other effective
forms of training is warranted (Moran et al, 2017).
A programme of integrative neuromuscular training is recom-
mended from a young age (Myer et al., 2011).

Our study design facilitates a comparison of different
weekly configurations of NHE training. On this, the results
indicate that there are no significant differences between
1-day per week and 2-days per week formats of volume
equated NHE training in prepubertal athletes, though the
observed effect sizes did mostly favour the 2-day group.
Accordingly, coaches can be confident of achieving perfor-
mance improvements regardless of whether a 1- or 2-days per
week programming format is chosen, though there may be
a small practical advantage to adopting the 2-day format.
Previously, Hartman et al. (Hartman et al., 2007) suggested
no apparent benefit in dividing the training load of young
weightlifters across two daily sessions rather than condensing
into one. The authors did however suggest a potential pro-
tective effect against injury when utilising the more frequent
format. It is also interesting to note that delayed onset muscle
soreness may be reduced in higher-frequency training proto-
cols (Gomes et al,, 2019) and this could potentially result in
greater training compliance and, by extension, improved per-
formance. Laterally, a review (Smith & Scarf, 2017) suggested
that the performance of highly diverse and disparate tasks
such as surgical skill execution and video game playing was of
a higher quality when spaced over a number of days rather
than being condensed into a single day. Similarly, coaches
have previously preferred to adopt a format of higher fre-
quency, presumably to support learning by leveraging the
effect of more contextual variety in task execution and to
expose athletes to training on a greater number of occasions
(Smith & Scarf, 2017; Tribolet et al., 2022). Because of this
greater number of exposures, it is suggested that memories
of skill execution would be more likely to be recalled in
subsequent bouts (Smith & Scarf, 2017), an important factor
in the prepubertal athlete in whom the opportunity to acquire
and develop skills could be maximised in the years prior to
adolescence given the eventual emergence of synaptic prun-
ing (De Graaf-Peters & Hadders-Algra, 2006; Lloyd et al., 2014).
As our results are not conclusive in this matter, it cannot
necessarily be recommended that a 2-day per week format
is more effective than 1-day; however, future investigations
may clarify this issue.
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There are some limitations to our study that readers must be
aware of. Our sample size was relatively small though the
presented data can be very useful for inclusion in future meta-
analyses on this particular topic. Also, an experimental group of
differing maturation status could have been useful in terms of
making conclusions as to how effective NHE training can be
across the developmental spectrum.

Conclusion

The results of this study show that NHE training is an effective
way to enhance explosive athletic performance in prepubertal
athletes. The method is safe, effective, time-efficient and easy to
coach meaning that it is accessible to both youth sports coaches
and physical education teachers alike. These practitioners can
interchangeably programme this exercise in 1-day or 2-days per
week formats and can anticipate adaptive responses of a similar
magnitude, regardless of their choice. This makes the NHE
a highly versatile training method. In implementing the NHE,
coaches may consider issues such as the maturation level of the
trainee, which can affect the degree of adaptation, as well as the
heretofore theoretical learning advantages of programming the
exercise in a 2-days per week format.
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