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Purpose: This study examined the effects of a 6-week nordic
hamstring exercise (NHE) program in youth male soccer players of
less mature (Pre-Peak Height Velocity [PHV]) or more mature
(Mid/Post-PHV) status. Methods: Forty-eight participants were
separated into Pre-PHV (11.0 + 0.9yrs) or Mid/Post-PHV (13.9 +
1.1) groups and further divided into experimental (EXP) and
control (CON) groups with eccentric hamstring strength assessed
(Nordbord) both pre and post the training program. Participants in
the EXP groups completed a periodised NHE program performed
once or twice weekly over a 6-week period.

from this study demonstrate that a 6-week NHE program can
improve eccentric hamstring strength in male youth soccer players
with less mature players achieving mostly greater benefits. The
findings from this study can aid in the training prescription of the
NHE in youth male soccer players.
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Introduction

To support the athletic development of youth soccer players
and to reduce their injury potential, the safest and most successful
training methods should be incorporated to help youth players
compete at the highest level.! Additionally, it has been suggested
that due to the developmental nature of youth soccer players and
their desire to achieve professional status, it is important to reduce
the occurrence of injury.? Indeed, it has recently been reported that
injury risk increases with age in young soccer players from as early
7 years old.? In particular, to support the aforementioned within
soccer, the FIFA 11+ program has been developed to support the
prevention of lower extremity injuries for players aged 14 years
and above.* Furthermore, evidence of the efficacy of using the
FIFA 11+ to reduce the incidence of injury in male youth soccer
players aged between 14-19 years has previously been
demonstrated.®> Therefore, the inclusion of specific injury
prevention strategies to mitigate injury risk in youth soccer players
is required.

A key component of the FIFA 11+ is the emphasis placed
upon the development of eccentric hamstring strength via
performing the nordic hamstring exercise (NHE). Its inclusion as
an injury prevention exercise is supported due to its ability to
greatly reduce hamstring injuries.® For example, in elite soccer
players, high levels of eccentric hamstring strength has been shown
to reduce the risk of hamstring injury.> Furthermore, the specific
inclusion of the NHE has been shown to reduce hamstring injury
risk in male adult soccer players.”®° However, although the
inclusion of the NHE is recommended within the FIFA 11+ for all
playing levels, direct evidence supporting the beneficial effects of
the NHE in increasing eccentric hamstring strength in male youth
soccer players under the age of 14 years has not been reported.
Although eccentric hamstring strength was not directly measured,
it has recently been demonstrated that a 5-week training period
with two sessions per week of the FIFA 11+ warm up improved
body stability in male 10-year-old soccer players.!® The limited
information that exists pertaining to the benefits of the inclusion of
the NHE in developing eccentric hamstring strength in youth
soccer players is surprising. Indeed, this becomes further apparent
when considering that it has been reported that practitioners
working in elite English male youth soccer academies have
indicated that players aged 13—16 are at the greatest risk of injury
and that a lack of eccentric hamstring strength is amongst the most
important injury risk factors.!!
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Despite the efficacy of the NHE in adult athletes, its
inclusion within youth athletes is not be commonplace. For
example, a previous iteration of FIFA 11+, simply entitled ‘11°,
excluded the exercise on the basis that it was considered too
intense for young and inexperienced athletes.!? In contradiction to
this though, a significant increase of 12.6% in eccentric hamstring
strength has been reported in male basketball players aged between
10 to 12 years following the performance of a 5-week NHE
training program.'3 Therefore, although the inclusion of the NHE
in male youth soccer players warm-up protocols may aid in the
prevention of injuries, the specific improvements in eccentric
hamstring strength within this population is unknown. Moreover,
this notion is further confounded by the individual’s maturation
status, which can influence performance capacities in youth.!* For
instance, in youth soccer it has been shown that maturity status in
male youth soccer players influences the outcomes from training
programs such as sprinting'>!¢ and plyometrics'®!7 with changes
attributed to differences such as muscle size, co-ordination, and
hormonal profile.!® Therefore, the present study investigated the
effects of a NHE program on improvements in eccentric hamstring
strength in youth male soccer players, comparing responses in pre-
pubertal (Pre-PHV) and Mid/Post-pubertal (Mid/Post-PHV) male
participants. Based on previous findings of strength and power
training in youth athletes, we hypothesised that greater
improvements in eccentric hamstring strength would be observed
in the more mature participants.

Methods
Design
A randomized controlled trial was conducted to compare
the effects of six weeks of NHE training in male youth soccer
layers.

Subsequently, a total of forty-eight participants were recruited
from the soccer team and  randomly  allocated
(www.randomizer.org) into two experimental (EXP) groups (n = 8

x Pre-PHV and n = 16 x Mid/Post-PHV) and two control (CON)
groups (n = 11 x Pre-PHV and n = 13 x Mid/Post-PHV). The
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experiment took place within the competitive season and
participants continued to participate in their regular soccer training
programs performed twice per week for a period of 6 weeks;
however, the EXP groups additionally performed a NHE program
prior to the beginning of each soccer training session. All
participants were tested for eccentric hamstring strength before and
after the 6-week programme, by the same investigators who were
not blinded to the groups. During the previous two weeks prior to
pre-testing occurring, four separate familiarization sessions were
conducted for all participants to ensure technical proficiency of
performing the NHE. A maximum of three to five repetitions of the
NHE were performed in each session and this was overseen by the
lead researcher. Each familiarization session took place at the
club’s training facility prior to their soccer training session and was
separated by a minimum of 48 hrs.

Participants

Initially, seventy-six male youth soccer players volunteered
to participate in the study. However, after completion of the
experiment, twenty-eight participants had to be removed from the
study because they did not follow the targeted adherence rate, were
released by the club or did not present for post-training tests. No
participants were excluded from the study due to injury. Subject
characteristics per maturity level and training group are presented
in Table 1. All participants were free from lower-limb
musculoskeletal injuries prior to the start of the study, were
physically active, had > 2 years of soccer experience, participating
regularly in training at their club. Participants were not involved
with any formalised strength and conditioning programmes and
had no prior experience of performing the NHE. Parental informed
consent was obtained for participants as they were under the age of
18 years. The University Research Committee provided ethical
approval prior to testing beginning and the study was completed in
accordance with the Declaration of Helsinki.

***Insert Table 1 near here***

Procedures

Eccentric hamstring strength was tested both before and
after the training intervention. These tests were performed a
minimum of 48 h after the most recent training session or match to
allow appropriate recovery. Prior to each testing session, the
participants completed the same standardised warm up which was
subsequently completed prior to all training sessions. The warm up
lasted approximately 10 minutes and included low intensity
jogging, change of direction drills, lower-limb dynamic stretching
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and jumping based tasks. All participants in the EXP and CON
groups performed soccer specific training with the club, twice per
week, on a Monday and Wednesday evening from 6pm-9pm. A
weekly competitive match was scheduled on a Saturday.

Anthropometrics

Before testing started, data on age, stature and body mass
were recorded to assert each player’s current maturation status.
Body mass measurements were also collected following
completion of the training program prior to follow-up-testing
occurring. Participants’ standing and seated height were measured
using a stadiometer (Seca Model 213, Birmingham, England), to
the nearest 0.1 cm. Body mass was measured, using a calibrated
electronic scale (Seca Model 813, Birmingham, England), to the
nearest 0.1 kg. To estimate maturity status, these anthropometric
measurements were taken and entered into an equation to predict
maturity offset,?® within an error of + 1 year, 95% of the time. The
assessment is a non- invasive and practical method of predicting
years from PHV as a measure of maturity offset. Maturation
groups were divided in accordance to previous recommendations
with Pre-PHV participants categorized as < -2 years from PHV,
whilst Mid/Post-PHV were between -1 to +2.5years from PHV 2!

Eccentric Hamstring Strength

The NHE was performed on the NordBord apparatus
(Nordbord, Vald Performance, Australia) which has been shown to
be a reliable device to assess eccentric hamstring strength (IC =
0.83-0.90 and CV% = 5.8%—8.5%).>2 Similarly, we have found
values for between session relative reliability for male youth
soccer players from our lab (CV% = 6.1-7.4%). All baseline and
follow-up testing occurred at the same location and facility which
was the team’s training centre. For the assessment of eccentric
hamstring strength, participants were instructed to kneel on the
padded part of the NordBord and were positioned with their ankles
secured with padded hooks, which were attached to load cells.
Participants’ position was altered so that ankles would be
perpendicular to the lower leg and the hooks were positioned
superior to the lateral malleolus. The NHE was performed using an
eccentric muscle action of the knee flexors and participants were
instructed to gradually lower the upper body trying to resist the
movement by contracting the hamstrings and keeping the trunk and
hips held in a neutral position throughout. Participants were
encouraged upright posture with their spine and pelvis in a neutral
position. Participants’ arms were flexed at the elbow joints such
that the palms of the hands were facing forward at the level of the
shoulder joints. The participants were allowed to use their arms in
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the final stages of the movement to buffer the fall as they
approached the ground. For the ascent, the research personnel
assisted the participants back to the startin

Relative peak force normalised to body mass (N.kg!) for
each leg of the three trials was recorded in newton’s (N) using
LabChart 7.3 (AD Instruments, New South Wales, Australia) and
subsequently analyzed in a pre-designed excel spreadsheet with the
average of each limb from the three trials added together and
divided by two to provide a bilateral score which was used for data
analysis.

Training Programs

The NHE program lasted six weeks (Table 2). To be
included in the final analyses, participants were required to
complete at least 85% of the total training sessions (nine of eleven
scheduled sessions). This adherence threshold was chosen to
reflect a recent experiment in male youth soccer players that also
used a similar training program duration.?* Furthermore, greater
benefits in strength have been reported when compliance over this
threshold has been achieved.?* To monitor the compliance to the
NHE protocol, participants’ attendance rates at the training
sessions were recorded for each individual session by a strength
and conditioning coach using a registration form which was
subsequently confirmed by the respective age group coach. To
ensure the correct execution of the NHE each training group was
allocated a strength and conditioning coach to oversee the training
program, which helped provided the participants with instructions
regarding their technique where necessary. Each session was
separated by a minimum of 48 hrs. The NHE program was
immediately performed after the warm-up.

***Insert Table 2 near here***

The structure of the NHE program was adapted from
previous recommendations with the volume of training
progressively increasing weekly.” Coaching cues and instructions
used throughout the training program were the same as those
provided throughout the aforementioned NHE testing procedures.
Identical weekly increases in NHE training volume was performed
for both EXP groups and each participant alternated between
performing one set and assisting their partner in doing the same
with approximately 60-90 seconds of inter-set rest provided.
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Whilst the EXP group completed the NHE program, the CON
group participated in low intensity passing drills until the main
training session begun in which both groups completed the same
soccer training. No formal sprint training was scheduled within the
training sessions throughout the experiment period as it has been
recently reported that improvements in eccentric hamstring
strength in adolescents can be improved to a similar extent via
sprint training or the NHE.?3

Statistical Analysis

Initial analyses were performed using SPSS) (version 23,
IBM Corp., Armonk, NY, USA). The Shapiro-Wilk test was
conducted to test for normality in each variable and this condition
was satisfied (P < 0.05). Independent samples t-tests were used to
test for any differences between each maturity groups EXP and
CON conditions for anthropometric measures and initial eccentric

. Uncertainty in the effect sizes (d)
was represented by 90% confidence limits.?® Effect sizes were
interpreted using previously outlined ranges [(<0.2 = trivial, 0.2-
0.6 = small, 0.6-1.2 = moderate, 1.2-2.0 = large, 2.0-4.0 = very
large, >4.0 = extremely large).”” An effect size of 0.2 was
considered the ‘smallest worthwhile difference’.?® The scale for
interpreting the probability that the result was significant was as
follows: almost certainly not = <1%; 1-5% = very unlikely; 5-25%
= unlikely; possibly = 25-75%; likely = 75-95%; very likely = 95-
99.5%; most likely >99.5% and was calculated using an online
spreadsheet.?® Differences were considered unclear if the
confidence interval overlapped thresholds for substantial positive
and negative values. Data are presented as mean + SD.

Results

No significant differences (p > 0.05) between the Pre-PHV
and Mid/Post-PHV experimental groups and their respective
control group for anthropometric and initial eccentric hamstring
measures were found. Effect sizes and their descriptors and
likelihood estimates of beneficial effects for within and between
group analyses are shown in Tables 3 and 4, respectively.

***[nsert Tables 3 and 4 near here***
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Discussion

The aim of this study was to examine the effects of a NHE
program on improving eccentric hamstring strength in youth male
soccer players of different maturation status, comparing Pre-PHV
and Mid/Post-PHV players. The within-group analyses revealed
that the inclusion of the NHE increased relative eccentric
hamstring strength in both Pre-PHV and Mid/Post-PHV groups,
although larger effects were observed in the Pre-PHV group.
Additionally, both control groups yielded no changes in eccentric
hamstring strength values from pre to post testing. To the authors’
knowledge, this is the first study to demonstrate the effectiveness
of the NHE in developing eccentric hamstring strength in male
youth soccer players and to specifically compare the influence of
different maturation status on this outcome.

The Pre-PHV and Mid/Post-PHV EXP groups increased
relative peak force by ~19% and ~10%, respectively. These
findings are similar to those previously reported in studies
following a NHE program in which increases of absolute and
normalised eccentric hamstring strength have been reported to be
~11% and ~14% in well-trained soccer players following a 10-
week (250-286 repetitions) or 4-week (162 repetitions) NHE
training program, respectively.?>3? Similarly, in amateur male
soccer players, a 12 week (642 repetitions) NHE program
performed either before or after training resulted in increases in
eccentric hamstring strength of ~12%.3! Furthermore, in male
adults with no prior experience of performing the NHE, similar to
the participants used in this study, increases of ~15% in eccentric
hamstring strength has been shown following a 6-week (340
repetitions) NHE program.>?> However, we do acknowledge that
such comparisons in the changes in eccentric hamstring strength in
our study should be taken with caution due to the differences in the
assessment method used. Nonetheless, the current findings suggest
that a well-structured NHE programme conducted over a 6-week
training period is sufficient to elicit beneficial changes in eccentric
hamstring strength in male youth soccer players, without causing

injury.
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To the authors’ knowledge, only one previous study has
investigated the effects of the NHE in male youth athletes with
male youth basketball players, aged 10-12 years, increasing their
eccentric hamstring strength.!3 The participants in that study
completed 232-304 repetitions over a 5-week period which
resulted in a 12.6% increase in eccentric hamstring strength.
Although our study resulted in similar increases, these were
achieved with a total of 162 repetitions. Therefore, it appears that
increases in eccentric hamstring strength via the completion of use
of NHE training program in youth male soccer players can be
achieved via relatively modest training volumes. However,
whether such improvements can be made with lower training
volumes within this population remains to be seen as it has been
recently demonstrated that in elite youth soccer players a low
volume NHE programme, including just 10 repetitions per week, is
sufficient to elicit benefits in eccentric hamstring strength.’? In
particular, our finding of increased strength in the Pre-PHV EXP
group is interesting as, to date, some doubt over the
appropriateness of this exercise for use in a prepubertal population
had been expressed.'> However, in this study we demonstrated
performance gains that were also achieved without any occurrence
of musculoskeletal injuries. Participants who withdrew from the
study, due to failing to meet the agreed training adherence rate, did
so due to other issues, rather than factors such as muscle soreness
that have been thought to be associated with the use of eccentric
exercise in younger individuals. Indeed, conceptions such as these
would not be supported by current evidence in any case.’*3>

Relatedly, our finding that pre-pubertal boys responding
more positively to resistance training than post-pubertal boys is not
entirely in agreement with previous research in which it has been
demonstrated that more mature males experience greater
improvements in strength and power-related characteristics than
less mature males. %373 However, it may indicate the importance
in ingraining relative strength as a base for absolute strength in less
mature individuals from an early age. From an exercise
prescription standpoint, a potential explanation for the differences
in responses between the EXP groups may be due to the possible
inadequate stimulus of the NHE program for the Mid/Post-PHV
group. For example, whilst both groups within this study had no

Human Kinetics, 1607 N Market St, Champaign, IL 61825
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prior experience of the NHE, the greater chronological age of the
Mid/Post-PHV group may have acted as a surrogate of training
age, whereby older players have adapted positively from a longer
training history.® Indeed, in adolescents it has recently been
reported that eccentric hamstring strength can be improved to a
similar extent via sprint training or the NHE.?> Therefore, whilst
high-speed sprint training was avoided during the training
program, the Mid/Post-PHV group players’ higher training age and
exposure to training stimuli, such as sprinting, may have meant
that the NHE program produced a lower adaptation than that seen
in the Pre-PHV group. Consequently, Mid/Post-PHV athletes may
require an altered training prescription.

In light of the aforementioned, the programming of the
NHE during growth and maturation may require further specificity
to optimise its effectiveness. For example, due to only bodyweight
being used as the loading strategy in this study, it could be
speculated that this may have inadvertently provided a lower
training stimulus for the Mid/Post-PHV group. This is because
performance of the NHE is largely body mass dependent and it has
been predicted that soccer players should be expected to achieve
eccentric hamstring strength scores (N) of 4 x BM (kg) + 26.1
when assessed with the Nordbord.?® Therefore, considering the
initial relative strength scores of the Mid/Post-PHV (4.69N.kg-!)
compared to those of the Pre-PHV EXP group (4.27N.kg™"), this
may have created a ceiling of adaptation for the more mature
individuals, especially with training volume being equated. Indeed,
it has been reported that additional loads, such as weighted vests,
should be used during the NHE to promote strength increases.*
Therefore, although unknown, there may be a certain threshold of
eccentric hamstring strength that, once achieved, requires further
augmentation to provide sufficient overload. Another potential
explanation for this may be that the NHE presented an altered
motor control strategy for the Mid/Post-PHV group, which
subsequently influenced the performance of the exercise. This is
because during the NHE, as the trunk moves forward, the
movement becomes progressively uncontrolled due to the
shortening of the hamstring moment arm whilst the body mass
moment arm lengthens.#! Therefore, due to alterations in both
upper and lower limb lengths during PHV and accompanying
changes in body mass,?° it could be plausible that this increases the
complexity of the NHE during the growth spurt, which
subsequently may impact performance of the exercise. However,
this requires further investigation.
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This study is not without limitations. Due to the age range
of the participants available for this study, it was not possible to
include separate Mid-PHV and Post-PHV groups (a combined
Mid/Post group was used). Considering responses to training
stimuli can differ between these maturation groups,'”#? it would be
beneficial to examine such effects in future. In addition, although
improvements in eccentric hamstring strength were evident within
and between maturation groups, the mechanisms behind such
adaptations are unknown. Therefore, future studies could examine
the effects of the NHE in youth athletes accounting for changes
such as muscle action and muscle architecture, in addition to effect
on physical fitness tests such as jumping, sprinting and
deceleration.

Practical Applications

Whilst current guidelines such as the FIFA 11+ provide
helpful guidelines for the inclusion of the NHE, the training
program used in this study provides a potentially more structured
periodised program that can be followed by inexperienced youth
athletes. Furthermore, the inclusion of NHE may be utilised with
youth male soccer players from the age of 10 years old. Therefore,
the inclusion of a low dosage NHE programme, as part of a well-
structured warm prior to soccer training, in male youth players is
advised. However, we suggest that technical proficiency in the
NHE should be taught prior to its inclusion within the athlete’s
long-term physical development plan and that the NHE forms part
of a holistic strength and conditioning programme that enhances
physical fitness in male youth soccer players.

Conclusion

This is the first study to examine the effects of a NHE
program on eccentric hamstring strength in male youth soccer
players of different maturation status. Results show the completion
of a 6 week NHE provides beneficial increases in eccentric
hamstring strength in both Pre-PHV and Mid/Post-PHV players
although larger improvements were observed in less mature
players. The training program utilised within this study may help
practitioners working with male youth soccer players to implement
the NHE into their training programmes.
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Table 1. Participants characteristics (mean [SD])

International Journal of Sports Physiology and Performance

Maturation Group Number Age Standing Height ~ Seated Height =~ Body Mass PHYV Offset
Status (yrs) (cm) (cm) (kg) (yrs)
Pre-PHV EXP 8 11.0£0.9 1442 +4.4 71.5+2.0 37.7+2.8 -2.8+0.3
CON 11 10.9+£0.8 1472+ 4.4 72.5+3.0 40.3+4.1 -2.7+£0.5
Mid/Post-PHV EXP 16 14.0+1.1 1723+ 7.0 84.6 3.4 61.8+£6.3 04+0.9
CON 13 13.7+£1.0 171.9+8.3 85.1+4.3 59.5+8.3 0.1+0.8

Note: PHV: Peak height velocity; EXP: Experimental; CON: Control.
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Table 2. 6 week nordic hamstring exercise training programme.

Week Frequency Prescription Total Weekly Volume
1 1 2x5 10
2 2 2x5 20
3 2 2x6 24
4 2 3x6(S1),2x6(S2) 30
5 2 3x6 36
6 2 3x8(sl),3x6(S2) 42

Note: S1: session 1 ; S2: session 2.
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Table 3: Within-group analysis for pre and post scores, effect sizes (ES) with 90% confidence intervals, % outcome of likelihood effect is beneficial, trivial or harmful and odds
ratio for eccentric hamstring strength normalised to body mass (N.kg-')

Pre-PHV Pre (N.kg") Post (N.kg 1) ES (90% CI) ES Descriptor Beneficial Trivial Harmful Odds Ratio
EXP (n=8) 4.27+0.88 4.95+0.76 0.83 (0.03 - 1.68) Moderate Likely (90.3%) Unlikely (7.1%) Very Unlikely (2.6%) 357
CON (n=11) 4.24+0.83 4.20+0.70 -0.05 (-0.75 - 0.65) Trivial Most Unlikely (0%) Most Likely (100%) Most Unlikely (0%) 0
Mid/Post-PHV Pre (N.kg) Post (N.kg™") ES (90% CI) ES Descriptor Beneficial Trivial Harmful Odds Ratio
EXP (n=16) 4.69 £ 0.85 5.17+0.95 0.53 (-0.06 - 1.12) Small Likely (85.4%) Unlikely (13.2%) Very Unlikely (1.4%) 397
CON (n=13) 4.45+0.69 443+0.72 -0.03 (-0.67 - 0.20) Trivial Most Unlikely (0%) Most Likely (100%) Most Unlikely (0%) 0
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Table 4: Between-group analysis for pre and post scores, effect sizes (ES) with 90% confidence intervals, % outcome of likelihood effect is beneficial, trivial or harmful and odds
ratio for eccentric hamstring strength normalised to body mass (N.kg-')

Variable Group ES ES Descriptor Beneficial Trivial Harmful Odds
Ratio
Pre-PHV EXP vs . o . o . o
Pre-PHV CON 1.03 (0.23 - 1.84) Moderate Likely (91.1%) Unlikely (6.3%) Very Unlikely (2.6%) 373
Relative peak force
(Nkg™)
Mid/Post-PHV EXP vs - g7 955 51 Moderate Likely (89.9%)  Very Unlikely (7.8%)  Very Unlikely (2.3%) 384

Mid/Post-PHV CON
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