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Background

Training programs that include the Nordic hamstring exercise (NHE) have been shown to
increase eccentric knee flexor strength and biceps femoris fascicle length in male athletes.
However, the effect of NHE on female athletes remains unknown.

Purpose

To investigate the collective and individual responses of professional female soccer
players engaged in a preseason training program with the NHE regarding eccentric knee
flexor strength and biceps femoris long head fascicle length.

Study Design

Quasi-experimental study.

Methods

Sixteen amateur female soccer players (without a NHE training routine) were evaluated
8-weeks apart to: (1) assess reliability of eccentric knee flexor strength and biceps femoris
fascicle length measures; and (2) determine the typical error of measures that would be
used to discriminate training responders and non-responders. The NHE training group
had 17 professional female soccer players who performed an 8-week training program
with the NHE during preseason. Within-group analysis was performed with paired sample
t-tests (pre- vs. post-training), and individual responses were determined using the
typical error criteria.

Results

The non-trained group’s data demonstrated that measures of strength (ICC=0.82-0.87,
typical error = 12-13 N) and fascicle length (ICC=0.92-0.97; typical error = 0.19-0.38 cm)
were reliable. In the NHE training group, both limbs increased the eccentric knee flexor
strength (~13%; ES=0.74-0.82) and the biceps femoris fascicle length (~6%; ES=0.44-0.65).
Twelve players (~71%) were considered responders to the NHE training program for the
eccentric knee flexor strength, while eight athletes (~47%) were responders for the biceps
femoris fascicle length.

Conclusion

The 8-week preseason training program with the NHE increased both eccentric knee
flexor strength and biceps femoris fascicle length in professional female soccer players.
More than two-thirds of players demonstrated a meaningful increase in eccentric
strength, while nearly half achieved consistent fascicle length increases with the NHE
training.
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INTRODUCTION

Top-level male soccer players present injury rates of 4.1/
1.000 hours of training exposure and 27.5/1.000 hours of
match exposure,! while injury rates in female players are
2.7-3.1/1.000 hours and 13.9-23.6/1.000 hours in training
and matches, respectively.2~4 According data from
2016-2017 season, English Premier League male clubs suf-
fered an average of 1410 days out due to injury and lost £45
million per season due to injury-related decrements in per-
formance.> The extent of the injury-related losses is not yet
clear in the context of female professional soccer, but there
is no doubt that injury prevention is a current priority of
soccer medicine in both sexes.

Sport injuries are complex and multifactorial in nature,®
so the prevention strategies require a multidimensional ap-
proach, which includes specific exercises to enhance muscle
strength, joint mobility, neuromuscular control, and move-
ment efficiency, as well as other strategies (e.g., workload
monitoring).” Understanding of injury mechanisms and
identification of potential risk factors play a key role on pre-
venting strategies in sports.8 Therefore, soccer clubs apply
a range of tests for screening intrinsic risk factors and em-
ploy specific strategies to minimize the injuries’ incidence
and/or burden.%10

The hamstring strain injury is one of the most prevalent
injuries in team sports, including soccer.!l Up to 80% of
hamstring injuries in soccer occur during high speed run-
ning.12 While direct evidence is still lacking, the majority of
the literature suggests that the most likely timing of injury
is the late swing phase, characterized by peak musculoten-
don strain and negative work.13 Low eccentric knee flexor
strength is traditionally pointed out as a risk factor for ham-
string injuries,!! which have been supported by prospec-
tive studies with soccer players,12.14-16 35 well as with ath-
letes from other sports.!7-19 More recently, a prospective
study evidenced that players with short fascicles in the bi-
ceps femoris long head (BFy ;) are also more likely to sustain
hamstring injury.12 All these studies have only focused on
outcomes for male athletes.!214-19 However, it seems rea-
sonable that prevention programs for both sexes should ad-
dress strategies to increase the eccentric knee flexor
strength and the BF; fascicle length.

The Nordic hamstring exercise (NHE) is a field-based ex-
ercise with focus on eccentric action of knee flexor mus-
cles.20 The NHE was included in the injury prevention pro-
gram developed by the Fédération Internationale de Football
Association (FIFA), the “FIFA 11+”,21 and has been consol-
idated as one of the commonly used strategies to prevent
hamstring injuries in top-tier soccer clubs.%10 A recent sys-
tematic review including male and female athletic popu-
lations supports that teams using injury prevention pro-
grams that included the NHE reduces hamstring injury rates
by half.22 This preventive effect seems to be related to in-
creases on both eccentric knee flexor strength and BFy y; fas-
cicle length.23-27 However, no study has evaluated whether
NHE promotes such muscular adaptations in female soccer
players. Therefore, the aim of this study was to investigate
the collective and individual responses of professional fe-
male soccer players engaged in a preseason training pro-
gram with the NHE regarding eccentric knee flexor strength

and BF; 1 fascicle length.

METHODS
STUDY DESIGN

A group of amateur female soccer players (without a NHE
training routine) was recruited and evaluated twice within
an 8-week interval. These data were used to: (1) assess the
reliability of measures collected in this trial; and (2) de-
termine the typical error of measures that would be used
to discriminate responders and non-responders in the NHE
training group.

In the NHE training group, professional female soccer
players completed an eight-week NHE training program co-
inciding with the club preseason. The participants’ random-
ization into experimental and control groups was not pos-
sible due to the club requirement that all players should
perform the preventive program using the NHE. Evaluations
were performed one week before starting and one week after
ending the training program.

The Ethics Committee of the Federal University of Health
Sciences of Porto Alegre (Porto Alegre, Brazil) approved the
present study. All subjects were informed about the study
purpose and procedures, and provided written informed
consent to participate.

PARTICIPANTS

Sixteen amateur female soccer players were part of the non-
trained group. They were recruited through the dissemina-
tion of the study on social media and played soccer at least
once a week. The NHE training group had 17 professional
female soccer players from a Brazilian first national division
team. They were engaged in a five-day weekly training rou-
tine, and one to two weekly games per week. Characteristics
of participants are expressed in Table 1.

The following inclusion criteria were adopted: (1) age be-
tween 18 and 40 years of age; (2) absence of thigh muscle
injuries in the six months prior to the study; (3) absence of
musculoskeletal injuries in lower limbs during data collec-
tion; (4) absence of any health disorders that would inter-
fere with the NHE execution. Participants allocated in the
NHE training group had to have attended a minimum of
14 training sessions (i.e., ~90% adherence) to be included
in data analysis, while participants allocated in the non-
trained group should have kept their usual exercise routine
between the two evaluation time-points. All participants
were instructed not to consume any stimulant substance,
medicine or alcoholic beverages in the 24 hours before the
testing sessions.

PROCEDURES
FASCICLE LENGTH EVALUATION

A B-mode ultrasonography system (DP-30, Mindray Med-
ical International Ltd., Shenzhen, China) with a linear array
probe (53 mm) was used to assess muscle architecture para-
meters of the BF ;. All ultrasound scans were taken by an
experienced researcher through methods routinely used in
our laboratory.2428 The participants were assessed in prone
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Table 1: Characteristics of participants (mean*SD).

Non-trained group
(amateur players)

NHE training group
(professional players)

Age (years) 24+4 24+5
Weight (kg) 61+4 58+6
Height (m) 1.64+0.04 1.62+0.04
Body mass index (kg/m?) 22.74+1.79 22.00+2.16

position with the hips neutral, the knees fully extended, and
the muscles relaxed. Ultrasound scans were taken at 50%
of the muscle length (i.e., the midportion between the is-
chial tuberosity and the superior border of the fibular head).
The ultrasound probe was positioned perpendicularly to the
skin and following the longitudinal axis of the BF;y, with
slight adjustments in probe orientation as necessary to op-
timize identification of the aponeuroses and fascicles.

Three ultrasound images of each limb were obtained and
stored for analysis through the Image] software (National
Institutes of Health, EUA). Image analysis was performed
by an assessor blinded to group allocation. The most visible
fascicle in each image was used to estimate the BF; 4 fasci-
cle length using a validated equation.2? The average value
between the three ultrasound images was used for statisti-
cal analyses. Previous data collected in our lab in 20 healthy
active men presented acceptable test-retest reliability
scores for BF}p fascicle length [intraclass correlation co-
efficient, 0.95 (0.86-0.98); coefficient of variation, 5.5%
(4.-0-9.2); typical error, 0.48 cm (0.35-0.79)]. The non-
trained group’s data were used to assess the test-retest reli-
ability in female soccer players in the current study.

ECCENTRIC STRENGTH EVALUATION

The eccentric knee flexor strength during the NHE execu-
tion was measured through a custom-made device (Figure
1). This device is similar to the prototype developed by Opar
et al.,30 and has been used in studies with male soccer play-
ers.31,32 Previous data collected in our lab consisting of 20
healthy active men presented acceptable test-retest reli-
ability scores for knee flexor strength [intraclass correla-
tion coefficient, 0.94 (0.85-0.98), coefficient of variation,
5% (3.2-6.7%); typical error, 18.54 N (13.93-22.36 N)]. The
non-trained group’s data were used to assess the test-retest
reliability in female soccer players in the current study.
Briefly, the participant was positioned to perform the
NHE on a platform, and commercially available load cells
(E-lastic; E-sporte Solucoes Esportivas, Brasilia, Brazil)
with simultaneous transference of data via Bluetooth were
fastened around their ankles (right above the lateral malle-
olus). The participant was instructed to execute the NHE as
the following: from the initial position (kneeling, the hip
neutral and the torso upright), lay the torso forwards us-
ing only the knee joint (e.g., without altering the position of
hips or spine), in slow speed and using the hamstring mus-
cle eccentrically during the entire range of motion to avoid
the torso acceleration to the floor. The participant should
have to use their upper limbs to absorb the fall and to return

Figure 1: Assessment of eccentric knee flexor
strength during the NHE execution.

to the initial NHE position. Each participant performed five
NHE repetitions, with a 10-second rest between attempts.
The force values were continuously registered during all
repetitions, and the highest force value obtained in each
lower limb was considered to statistical analysis.

NHE TRAINING PROGRAM

The 8-week NHE training program (frequency and number
of sets and repetitions) was based on previous studies in-
volving NHE23:27 and provided a progressive workload in-
crease (Figure 2). The NHE training weekly schedule was set
by the coaching staff according to the games and travels, al-
ways respecting at least 48 hours between the NHE train-
ing sessions. NHE was always performed before soccer prac-
tices. A regular warm-up protocol guided by the team
strength and conditioning coach was performed before the
NHE execution. Players with similar anthropometric char-
acteristics were organized in pairs to perform the NHE. A
researcher supervised every NHE session to ensure correct
implementation and the training volume (number of sets
and number of repetitions per set) as well as proper exercise
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Table 2: Reliability of eccentric knee flexor strength and biceps femoris long head fascicle
length measures. Data collected in non-trained group [mean=SD (95%CI)].

Measure 1 Measure 2 ICC CcVv TE p-value
Eccentric strength (N)
Right limb 235+35(217-254) 243+32(227-260) 0.87 5% 12.74N 0.112
Left limb 230+29 (215-244) 235+24(223-248) 0.82 5.3% 11.97N 0.185
Fascicle length (cm)
Right limb 9.43+1.86(8.47-10.39) 9.46+1.71(8.58-10.34) 0.97 3.8% 0.19cm 0.824
Left limb 9.78+1.28 (9.12-10.44) 9.93+1.21(9.31-10.55) 0.92 4.2% 0.38cm 0.279
N, Newtons, cm, centimeters, ICC, intraclass correlation coefficient; CV, coefficient of variation; TE, typical error.
1 2 2 6
2 2 3 6
3 2 3 8
4 2 3 10
5 2 4 8-10
6 2 4 8-10
7 2 4 10
8 2 4 10

Figure 2: Left: players performing the Nordic hamstring exercise (NHE); Right: the NHE training program.

execution.

STATISTICAL ANALYSIS

Data collected in non-trained group (amateur players) were
used to assess intraclass correlation coefficient (ICC), typi-
cal error (TE) and coefficient of variation (CV) of the mea-
sures. ICC values were qualitatively recorded as poor
(<0.50), moderate (0.50-0.74), good (0.75-0.90), and excel-
lent (>0.90).33 Additionally, a CV of 10% or less was set as
the level at which a measure was considered reliable.30

In the NHE training group, paired sample t-tests were
used to check difference between pre- and post-training in
each limb. The significance level was set as 5% (a<0.05).
Effect size (ES) calculation was performed using the Cohen’s
d. Training effects were considered as “trivial” (ES<0.2),
“small” (ES>0.2), “moderate” (ES>0.5) or “large” (ES>0.8).

The between-limbs average change (pre- to post-train-
ing) was used for calculation of individual responsiveness
to NHE training. Responders and non-responders were de-
termined using the typical error criteria: non-responders
were defined as subjects who failed to achieve an increase
that was greater than two times the typical error (TE) of
measurement.3! Results provided by the non-trained group
were used to calculate the TE of measurement. The TE for
eccentric knee flexor strength was 12.18 N, thus subjects
had to demonstrate at least 24.35 N of strength gain to be

considered responders to the NHE training. The TE for BF} 4
fascicle length was 0.36 cm, thus volunteers had to demon-
strate at least 0.72 cm of fascicle elongation to be consid-
ered responders to the NHE training.

RESULTS

The non-trained group’s data demonstrated that the mea-
sures used in this study were reliable (Table 2). All par-
ticipants in the NHE training group attended 16 sessions
(i.e., 100% adherence). The group experienced significant
increases (p<0.05) in both lower limbs for the eccentric knee
flexor strength (moderate to large effect sizes) and BFyy
fascicle length (small to moderate effect sizes), as detailed
in Table 3. Twelve players (~71%) were considered respon-
ders to the training program for the eccentric knee flexor
strength, while eight athletes (~47%) were responders for
the BF}; fascicle length (Figure 3). The five non-responders
for the eccentric knee flexor strength were also non-respon-
ders for the BFyy; fascicle length.

DISCUSSION

This is the first study to investigate the effects of a NHE
training program on hamstring injury risk factors in profes-
sional female soccer players. The main findings were that
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Table 3: Eccentric knee flexor strength and biceps femoris long head fascicle length of the NHE

training group [mean=SD (95%CI)].

Pre-training Post-training A A% ES p-
value
Eccentric strength
(N)
Right limb 263141 (242-284) 298+48 (274-323) 35.31 13.41 0.82¢ 0.003
Left limb 254+44(231-276) 289+53(261-316) 34.9 13.76 0.74B 0.001
Fascicle length (cm)
. . 9.90+1.44 10.51+1.45 A
Right limb (9.16-10.64) (9.76-11.26) 0.61 6.16 0.44 <0.001
. 9.57+1.09 10.20+0.89 B
Left limb (9.01-10.13) (9.74-10.66) 0.63 6.58 0.65 <0.001
N, Newtons, cm, centimeters, A, mean absolute change; A%, mean percent change; ES, effect size;
A small effect size; B moderate effect size; C large effect size.
A=47N A=6N A=090cm A=0.38cm
400 (18%) (3%) 14 (9%) (4%)
= 350 / = 124
= = s S
g 300 A % _— L2 10 A #f S
S 250 / e % %
= 8 =]
% 2001 . = 5 .
U -1
E 1504 2 6
@ 100 o 47
Q ©
W 50 - w24
0 0
Pre Post Pre Post Pre Post Pre Post
Responders Non-responders Responders Non-esponders

Figure 3: Individual responsiveness to the NHE training program. Black lines indicate individual responses,
and vertical grey bars show the group average values. A = absolute and percent changes of responders and

non-responders.

the NHE training program implemented here increased
both the eccentric knee flexor strength and the BFyy; fasci-
cle length. More than two-thirds of players demonstrated a
meaningful increase in eccentric strength, while nearly half
achieved consistent fascicle length increases with the NHE
training.

Measures of eccentric knee flexor strength have been
performed through isokinetic dynamometers for decades,
and those devices are considered the gold standard tool
for assessing human strength through joint torque mea-
sures. A few years ago, Opar et al.30 validated a prototype
allowing a cheaper and faster assessment of the eccentric
knee flexor strength during the NHE execution. While a
large cohort study found no clinical value of strength tests
with isokinetic dynamometry or the NHE device for pre-
dicting risk of hamstring injury,34 cohort studies with soc-
cer,12,14-16 Aystralian football,1? rugby,!® and sprinters!?
have demonstrated that athletes with eccentric knee flexor
weakness are more susceptible to hamstring injury. For this
reason, eccentric strength was selected as the primary out-

come of the current study, and findings demonstrated that
an 8-week NHE training program improved eccentric
strength of the knee flexor muscles of female soccer players.

Professional male soccer players have demonstrated ec-
centric knee flexor strength values ranging from ~299 N to
~411 N during the NHE,3435 while female players in the
present study had ~258 N. Previous studies involving 6-10
weeks of NHE training have found increases of 7-11% on the
eccentric knee flexor strength in well-conditioned male ath-
letes.23:27,36,37 Therefore, the average increase of ~13% pre-
sented by female professional players in the current study
suggest a satisfactory response to the NHE training pro-
gram. It has been suggested that for every 10 N increase in
eccentric knee flexor strength, the risk of hamstring injury
can be reduced by 9% in male soccer players.!2 Although the
same numbers should not be assumed for female players, it
is plausible to speculate that the approximate 35 N increase
in eccentric strength found in our study may have aided the
prevention of hamstring injury along the season.

A prospective cohort study found that soccer players with
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shorter BF;y; fascicles were four times more likely to suffer
a subsequent hamstring injury than those with longer fas-
cicles.!2 The mechanism by which shorter fascicles predis-
pose athletes to injury is not entirely clear, but a reasonable
hypothesis suggests that short fascicles (i.e., fewer in series
sarcomeres) may be more susceptible to excessive stretch-
ing and subsequent injury during eccentric high-intensity
contractions,3® such as those performed during high-speed
running. The fascicle lengthening in response to the NHE
training was expected in the present study because it has
been consistently reported in both active subjects?4 and
well-conditioned athletes.2327 However, it is curious that
female players in the present study increased their BFyy
fascicle length (~7% or ~0.6 cm) with a slightly lower mag-
nitude compared to male athletes submitted to the same
training program periodization (~9-10% or ~1 cm).23:27

The individual responsiveness is an interesting analysis
for professionals working in the medical departments and
coaching staffs of team sports. Although the average values
give us an idea of the team’s behavior, it is important to
note that individual responses varied. In the present study,
71% of players had consistent muscle strength gains with
the NHE training, which is a similar percentage of respon-
ders than those found in male soccer players engaged in a
NHE training program during preseason (19 out of 25 play-
ers, 76%).3! Conversely, half of players engaged in the NHE
training program in the current study did not experience
fascicle length enhancement. All players were engaged in
the same soccer training routine and all of them attended
every NHE training session, thus adherence issues cannot
explain the non-responders. Baseline status also does not
seem to explain the training responses, as illustrated by
the similar pre-training levels between responders and non-
responders in Figure 3. Interestingly, all non-responders
for the eccentric strength were also non-responders for the
BFyy; fascicle length. Further investigation is needed to un-
derstand why some athletes respond to NHE training and
others do not. In addition, it would be a sports medicine
breakthrough if future studies could determine if respon-
ders and non-responders have different injury rates during
the season.

Like all sport injuries, muscle strains are complex and
multifactorial in nature,® and most soccer players present
multiple risk factors for sustaining a hamstring injury.28 Ac-
cording prospective data,!? eccentric knee flexor strength
and BF|p fascicle length account for approximately 30% of
the risk associated with hamstring injury occurrence, thus
the other 70% cannot be undervalued. The posterior chain
flexibility,3° hamstring-to-quadriceps strength ratios,!416

and proximal neuromuscular control4? are examples of
modifiable factors also associated with hamstring injury.
Therefore, despite the present study focused the effects of
a single exercise on only two of those risk factors (eccentric
knee flexor strength and BF;y fascicle length), a compre-
hensive approach is recommended for preventive pro-
grams.4!

The current study has limitations. First, this is not a ran-
domized controlled trial. It means that the NHE cannot be
assumed as the single factor responsible for changes ob-
served on muscle strength and architecture, despite previ-
ous evidence in male players has demonstrated that regu-
lar soccer training does not affect the outcomes assessed
here.2536 Second, it was not possible to follow the injury
rates of the professional players along the subsequent sea-
son, which would allow us to verify whether the individual
responsiveness to the NHE training program had an influ-
ence on the hamstring injuries or not. Third, the number
of participants in the current study is small, and caution is
recommended regarding the percent distribution of respon-
ders and non-responders to the NHE training program. De-
spite these limitations, this study presents high ecological
validity because it was done within the real-world of com-
petitive soccer.

CONCLUSION

The results of this study indicate that an 8-week NHE train-
ing program performed twice a week during preseason in-
creases the eccentric knee flexor strength and the BF; y fas-
cicle length in professional female soccer players. The
positive effects on two injury risk factors for hamstring
strain injury support the adoption of the NHE within a pre-
vention program. Medical and coaching staffs must be at-
tentive and monitor individual responses because not all
players benefit from the NHE intervention.
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