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6.1 Introduction

‘An ounce of prevention is worth a pound of cure’, Benjamin Franklin (1706—-1790)
once stated. Nowadays, the definitive answer to the prevention of hamstring injuries
would probably be worth gold, considering the consequences and cost for the indi-
vidual and their associated team/organisation due to this most common injury type.
Compounding the importance of hamstring injury prevention is the well-established
knowledge that prior injury is the strongest predictor of future hamstring injury. As
a result, the prevention of an initial hamstring injury can allow an individual to
avoid the potential injury-reinjury cycle.

In the last few decades, worldwide initiatives have been undertaken to develop
strategies for sports injury prevention. There has been an exponential increase in
knowledge, research, technological developments, implementation efforts and even
international conferences focusing on sports injury prevention. Consequently, an
increasing amount of evidence is available for clinicians and practitioners to inform
a hamstring injury prevention strategy for any individual athlete or team.
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Injury prevention can be divided into primary, secondary and tertiary approaches [1].
Primary prevention relates to the prevention of the initial event. This is done by prevent-
ing exposures to hazards that cause injury, altering unhealthy behaviour and increasing
resistance to injury when exposure occurs. Secondary prevention aims to reduce the
impact of the injury that has already occurred. This is done through counselling about
reinjury prevention and proper rehabilitation strategies. Examples of secondary ham-
string injury prevention are prevention and treatment protocols that aim for optimal ham-
string health and recovery with minimal risk of injury/reinjury. Tertiary prevention aims
to soften the impact of an (ongoing) injury that has lasting effects. When discussing ham-
string injury tertiary prevention, this relates to hamstring injury rehabilitation (Chap. 10)
and if conservative rehabilitation and primary prevention fails (Chap. 13).

The purpose of this chapter is to inform the reader about strategies for primary pre-
vention of hamstring injury, noting that secondary prevention and tertiary prevention
will also be covered later in this book (Chaps. 9, 10, 11, 12 and 13, respectively). Given
the increase in available knowledge, hamstring injury prevention strategies should be
informed by the best available evidence [2]. For the sake of this chapter, the strongest
available evidence, level 1a evidence, is deemed to come from systematic reviews with
meta-analysis. Level 1b evidence, which is also considered high-level evidence, comes
from randomised control trials (RCTs) that employ interventions aimed at reducing the
rate/incidence/frequency of hamstring injury. Although of lower quality, findings from
lower levels of evidence such as level 2 (cohort studies and low-quality RCTs), level 3
(case-control series), level 4 (case series and poor-quality cohort studies) and level 5
(expert opinion) will also be discussed in this chapter (see Fig. 6.1).

Whilst many applications (i.e. massage, foam rolling, dry needling, acupuncture,
taping techniques) have been popularised to varying extent in practice, there is little
to no evidence of sufficient quality to support their efficacy, and these will not be
discussed in this chapter.

FIFA11+
Eccentric strength training

Stretching
Sports specific training protocol

Core stability

Fig.6.1 Levels of evidence based on [2]. Variables with a strike-through the text indicate that this
variable has shown no preventative effect
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6.2 Hamstring Injury Prevention
6.2.1 General Warm-Up

For general injury prevention, a proper warm-up is considered essential, as insuffi-
cient warm-up strategies could increase the risk of future (hamstring) injury [3].
Warm-up regimes can be applied in different formats, from running drills to tar-
geted exercises, with or without additional weight and equipment. Ultimately, the
aim of a good warm-up is to be prepared physically and mentally for an upcoming
bout of activity. In a landmark study by Ekstrand et al. [4], warm-up was part of a
multimodal approach, and this study was one of the first indications that a general
warm-up may play an important part in reducing injuries in football. Despite this,
no evidence exists on general warm-up approaches and their effects on (the preven-
tion of) hamstring injuries. Other warm-up programmes have focused on additional
strength and conditioning elements for the purpose of general injury prevention.
These types of warm-up strategies have been investigated in different sports, such
as balance training using a wobble board in basketball [5], and specific warm-up
exercises in volleyball [6], handball [7] and basketball [8], each of which have been
effective in reducing overall injury rates.

6.2.1.1 FIFA 11 and FIFA 11+ Programmes
One of the best known and widely adopted prevention programmes is the FIFA 11, a
pretraining warm-up specifically designed to prevent lower limb injuries in football.
In addition to fair play, the FIFA 11 programme is entirely exercise based. Initial
research on the FIFA 11 showed no preventive effect for overall and hamstring inju-
ries [9]. Subsequently, the FIFA 11 was amended to the FIFA 11+, which includes
running, strength, plyometric and balance exercises, each with three levels of diffi-
culty to allow for progression (see Fig. 6.2) [10]. The programme has traditionally
been used as a warm-up in football, but recent data have shown superior efficacy when
it is employed before and after training as opposed to being used as warm-up alone
[11]. This is very interesting as it questions whether the effect of the FIFA 11+ is
purely driven by warm-up and preactivation of certain muscle groups that lead to
improvements in movement competencies or instead is driven by a dosage-specific
adaptation response to strength and conditioning, resulting in reduced risk of injury.
The impact of four large-scale (sample sizes ranging from 383 to 2540 partici-
pants) RCTs [12—15] across male and female youth football and male senior and
veteran football was summarised in a systematic review and meta-analysis [10].
This meta-analysis (level la evidence) showed that the FIFA 11+ is an effective
injury prevention tool when compared to a control group, and this effect extended
to a 60% reduction in hamstring injuries across two of these cohorts (incidence rate
ratio, 0.40; 95%ClI, 0.19-0.84) [10]. Given the breadth of exercises included in the
FIFA 11+, it is impossible to determine if the preventative effect should be attrib-
uted to a single hamstring-specific exercise such as the Nordic hamstring exercise
(NHE), which is part of the FIFA 11+ (and discussed later on in this chapter), or to
the programme as a whole.
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FIFA 11 FIFA 11+
10-15 minutes duration 20 minutes in duration
Exercises Repetitions (reps) Exercises Repetitions (reps)
Seconds (s) Seconds (s)
Core stability Part 1: running exercises
The bench 4x15s Running, straight ahead 2 reps
Sideways bench 2 x 15s each side Running, hip out 2 reps
Running, hip in 2 reps
Balance Running, circling partner 2 reps
Cross-country skiing 2 x 15s each leg Running, shoulder contact 2 reps
Chest passing in single-leg stance 3 x 15s each leg Running, quick for- and backwards 2 reps
Forward bend in single-leg stance 3 x 15s each leg
Figures-of-eight in single-leg stance 3 x 15s each leg Part 2: Strength, plyometrics, balance
The bench
Plyometrics Level 1: static 3 x 20-30s
Jumps over a line 15 jumps of each type Level 2: alternate legs 3 x 20-30s
Zigzag shuffle (20 metres) 2 reps in each direction Level 3: one leg lift and hold 3 x 20-30s
Bounding (20 metres) 3 x 10-15 jumps Sideways bench
Level 1: static 3 x 20-30s each side
Strength Level 2: raise & lower hip 3 x 20-30s each side
Nordics 5 reps Level 3: with leg lift 3 x 20-30s each side
(Nordic) hamstrings
Level 1: beginner 3-5 reps
Level 2: intermediate 7-10 reps
Level 3: advanced 12-15 reps
Single-leg stance
Level 1: hold the ball 2 x 30s each leg
Level 2: throw ball with partner 2 y 30s each leg
Level 3: testing partner 2 x 30s each leg
Squats
Level 1: with toe raise 2 x 30s
Level 2: walking lunges 2 x 30s
Level 3: one-leg squats 2 x 10s each leg
Jumping
Level 1: vertical jumps 2% 30s
Level 2: lateral jumps 2 x 30s
Level 3: box jumps 2% 30s
Part 3: Running exercises
Running, across the pitch 2 reps
Running, bounding 2 reps
Running, plant & cut 2 reps

Fig. 6.2 Exercises included in the FIFA 11 and FIFA 11+ prevention programmes [10]

In summary, level 1 evidence suggests that the FIFA 11+ warm-up programme
prevents hamstring injuries in football, although more studies across different ath-
letic cohorts are needed to support broader generalisations of these findings.

6.2.2 Eccentric Strength Training

Numerous studies, primarily conducted in different football codes and baseball,
have reported that hamstring strength training [1, 16-21], especially when training
with an element of eccentric overload, reduces hamstring injury risk, as long as
compliance with the intervention is high [22].

6.2.2.1 Flywheel Training
The first study to indicate a preventative effect from eccentric training for ham-
string injury was from Askling and colleagues and included flywheel training [17].
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Such devices, introduced in the literature by Berg and Tesch in 1994 [23], involve
concentric contraction to accelerate the flywheel. Eccentric actions are then
required for flywheel deceleration. Actively decelerating throughout a lesser range
of motion (ROM) (compared to the concentric phase), allows for a period of eccen-
tric overload.

The Askling study was performed in two Premier League teams in Sweden and
was the first, and currently the only RCT to evaluate the preventive effect of pre-
season hamstring flywheel strength training [17]. Players in the intervention group
performed both concentric and eccentric knee flexor actions in a prone position on
a Yo-Yo flywheel ergometer, with the eccentric contraction performed over approx-
imately the final two-thirds of the ROM compared to the concentric contraction
[17]. This intervention (n = 15) was performed for a total of 16 sessions across a
10-week preseason period in addition to normal team training, whilst the control
group (n = 15) completed normal team training only. During a 10-month follow-
up, the intervention group had significantly fewer hamstring injuries (three injuries
in 15 players) than the control group (ten injuries in 15 players) [17]. Whilst the
sample size in the investigation is small (compared to other RCTs in this area) and
the rate of hamstring injury in the control group is exceptionally high, this study
was the first to indicate that eccentric training may impact hamstring injury
incidence.

6.2.2.2 Nordic, Russian or Hamstring Lowers

The earliest published mention of the NHE (Fig. 6.3) can be traced back to 1880,
when George Herbert Taylor described the movement in his book Health by Exercise
[24] referring to it as ‘wing-kneeling’. Despite some contention around its name,
this chapter will refer to the exercise as the NHE, as this currently seems to be the
most commonly adopted term globally. The exercise has alternatively been called
Nordic curls, Russians, Russian leans and hamstring lowers.

Fig. 6.3 The Nordic
hamstring exercise
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The NHE is typically performed in pairs as a body weight exercise [1, 25].
Individuals are instructed to start in a kneeling position, with the torso from the knees
upwards held rigid and straight. The training partner ensures that the exercising indi-
vidual’s feet are in contact with the ground by applying pressure to the heels/lower
legs. The exercising individual then lowers their upper body to the ground, as slowly
as possible, to maximise loading during the descent, requiring an increasingly force-
ful eccentric contraction of the knee flexors. The hands and arms are used to catch the
forward fall and to push the individual back up to the start position after the chest has
touched the ground, to minimise loading in the concentric phase.

The first study to examine the protective effects of the NHE was conducted in
community-level Australian football (n = 220) [19]. This RCT exposed the interven-
tion group to five sessions of the NHE across a 12-week period. The NHE protocol,
which was delivered identically across all five sessions (see Table 6.1 for a summary
of all NHE intervention prescriptions), was devised from laboratory-based studies
that had shown a shift in the knee flexor torque-joint angle relationship towards
longer muscle lengths after the performance of 72 repetitions of the exercise (12
sets of six reps). The intervention group (n = 114) was encouraged to complete the

Table 6.1 Training volumes of NHE protocols derived from prevention RCTs [1, 18-20]

Sessions,
Study Intervention period Week p/wk Sets Reps Rest period
Gabbe 2006 12 weeks; 3 sessions in - - 12 6 10 s between
[19] preseason and 2 sessions reps; 2—3 min
during first 6 weeks of between sets
competition
Engebretsen 10 weeks 1 1 2 |3 Not reported
2008 [18] 2 2 2 6 Not reported
3 3 3 6-8 Notreported
4 3 3  8-10 Not reported
5-10 3 3 12, Not reported
10, 8
Petersen et al. 10 weeks (plus ongoing 1 1 2 |3 Not reported
2011 [1] maintenance throughout 2 2 2 6 Not reported
the season) 3 3 3  6-8 Notreported
4 3 3  8-10 Not reported
5-10 3 3 12,  Notreported
10, 8
11+ 1 3 12,  Notreported
10, 8
van der Horst 13 weeks 1 1 2 |3 Not reported
2015 [20] 2 2 2 6 Not reported
3 2 3 6 Not reported
4 2 3 6,7, Notreported
8
5 2 3 8,9, Notreported
10
6-13 2 3 10,9, Notreported

e}
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NHE protocol at the completion of the main team training session but prior to the
cool-down, whilst the control group (n = 106) completed a number of flexibility and
mobility exercises without exposure to the NHE. The intervention group did not
show a reduction in hamstring injury risk compared to the control group (relative
risk (RR), 1.2; 95% CI, 0.5-2.8) [19]; however, the intervention group suffered
from very poor compliance (30% failed to complete a single NHE session, 53%
failed to complete at least two sessions), and the primary reason reported by players
was delayed-onset muscle soreness which often limited their involvement in subse-
quent training sessions. When comparing the rates of hamstring injury in the inter-
vention group who completed at least two sessions to the control group, still, no
effect was found (RR, 0.3; 95% CI, 0.1-1.4).

A subsequent RCT by Engebretsen and colleagues employed a more graduated
10-week NHE protocol (Table 6.1) in Norwegian soccer players who were consid-
ered at high risk of hamstring injury (based on injury history and a subjective ques-
tionnaire) [18]. Those identified as being at high risk of hamstring injury (n = 161)
were randomised either into the intervention group (n = 82) or control group
(n =76), with the control group completing normal team training, but no additional
intervention. The incidence of hamstring injury did not differ between these two
groups (intervention group, 1.5 hamstrings injuries per 1000 h of exposure; control
group 0.9 hamstring injuries per 1000 h of exposure); however, this study again suf-
fered from low compliance, with only 21% (n = 12) of players completing more
than 20 sessions of the 24 total NHE sessions. Whilst a per-protocol analysis also
found no difference in hamstring injury incidence between those in the intervention
group who were compliant and the control group, this analysis was limited by the
small sample size.

The issues encountered by both Gabbe and colleagues [19] and Engebretsen and
colleagues [18], that of poor compliance and relatively low sample sizes, were over-
come by two separate studies completed in Danish and Dutch professional and ama-
teur football cohorts [1, 20]. More than 1500 football players were included in these
two RCTs (Petersen et al., [1], n = 942; van der Horst et al. [20], n = 579). Control
group players performed regular team training, whereas intervention group players
performed comparable NHE protocols (Table 6.1). The Danish [1] study involved a
10-week protocol followed by a weekly maintenance session across the remainder
of the season, whereas the Dutch [20] study concluded NHE exposures after the
13-week intervention period. In the Danish study, coaches decided when the exer-
cises were performed, being advised not to perform the NHE without a prior warm-
up, and in the Dutch study, players were advised to perform the exercises after
regular training but before the cool-down.

The Danish RCT showed that the NHE reduced the rate of new hamstring inju-
ries by 70% (rate ratio, 0.29; 95% CI, 0.14-0.63) [1] and that the programme was
even more effective for decreasing the rate of recurrent hamstring injuries, which
were reduced by ~85% (rate ratio, 0.156; 95% CI, 0.05-0.53). The numbers needed
to treat, defined as the number of players that need to complete the programme to
prevent one injury, were 25 and 3 for new and recurrent injuries, respectively.
Similarly, the Dutch RCT [20] reported a threefold reduction in the risk of
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hamstring injury for players who performed the NHE (rate ratio, 0.30; 95% CI,
0.12-0.73). Neither the Dutch nor Danish study reported any effect of the NHE on
injury severity as the time lost to each injury was similar in experimental and con-
trol participants.

A level 2b study, which was the first to assess the effect of the NHE on ham-
string injury rates specifically in soccer players, was performed in Premier League
and First Division footballers from Iceland and Norway [16]. These footballers
participated in a study designed as a non-RCT that investigated the preventive
effect of flexibility training, with or without the addition of the NHE, on the inci-
dence of hamstring injuries. The warm-up protocol that combined the NHE with
flexibility training reduced the rate of hamstring injury risk by half (RR, 0.43; 95%
CI, 0.19-0.98) compared to stretching and flexibility training of the hamstrings
alone.

Some level 2b evidence is also available from other sports than football. This
exemplifies the potential crossover effect to other sports. In a non-randomised
cohort study in a single Major League Baseball organisation [21], there was no
standardised prescription of the NHE. Instead, the strength and conditioning
coaches for seven (out of a total of eight) teams (n = 243) were instructed to incor-
porate the NHE into daily workouts, and players were deemed compliant if they
completed on average more than 3.5 repetitions of the NHE per week across the
season. The control group (n = 40) was the Major League team who were not
explicitly instructed to perform the NHE. Not a single hamstring injury was sus-
tained by a compliant individual in the intervention group (31% of the intervention
group were deemed compliant), whereas the control group had an injury rate of
8.8%. Across the organisation, the year-on-year days missed due to hamstring
injury were reduced by 50% during the intervention season (273 days missed in the
year prior to the intervention compared to 136 days missed during the intervention
year) [21]. A descriptive study (level 4 evidence) in sprinters also highlighted how
the injury incidence seemed to decline during consecutive seasons as agility, flex-
ibility and NHE were added to a more traditional and concentrically based strength
training programme [26].

One common criticism of the NHE is that it has not been compared to alternative
exercise programmes. For example, it has been argued that the NHE may not protect
athletes who already engage in conventional strength training. However, a cross-
sectional cohort study (level 3 evidence) by Brooks and colleagues [27] has com-
pared hamstring injury rates in English rugby clubs that did and did not use the NHE
in addition to their strength training programmes. Teams that employed regular
strength training with exercises including both concentric and eccentric phases and
regular flexibility training (144 players) experienced injury rates of 7.5 (95% CI,
4.4-10.6) per 1000 h of training, while teams that employed the same methods with
the addition of the NHE (200 players) experienced injury rates of 4.2 (95% CI,
2.3-6.0) per 1000 h [27]. Teams that employed the NHE did so, on average (+SD),
in 65% of training weeks, with 1.3 = 0.5 training sessions per week, 2.8 = 0.7 sets
per training session and 6.7 + 1.5 repetitions per set. So, while there are limitations
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in the strength of this evidence due to study design, it does suggest the possibility
that hamstring injury prevention requires a high-intensity eccentric component for
it to be optimally effective.

6.2.3 Stretching

The first, and only, RCT (level 1b evidence) known to the authors focusing on the
effect of stretching for hamstring injury prevention dates back to 1993, when the
effectiveness of stretching exercises alongside warm-up/cool-down protocols was
studied [28]. Following a 22% dropout after a 16-week intervention period, data of
326 athletes were analysed. There were no differences between intervention and
control groups with regard to lower limb injuries (RR, 1.05; 95% CI, 0.22-5.13) or
hamstring injuries (defined as ‘injuries on the posterior side of the upper leg’) with
three hamstring injuries in both intervention and control group. However, a low
compliance with the stretching exercises (47%) may have influenced the results.

Other studies into the effects of flexibility training on hamstring injury rates
have been conducted, although these have a higher risk of bias due to methodologi-
cal issues. For example, the preventive effect of stretching exercises was also
investigated in the aforementioned study by Arnason and colleagues [16], who
included one intervention arm with stretching exercises alone (without the addition
of eccentric strength exercise). In addition to their standard warm-up stretching,
these teams were required to use a partner-assisted contract-relax stretch for the
hamstrings before sprinting or shooting exercises prior to training and matches.
The teams were asked to perform this exercise three times per week during pre-
season and one or two times per week during the competitive season. No effect was
detected from stretching alone, although a preventive effect was found in the other
intervention arm that included the NHE alongside the warm-up and stretching.
Hence, the results of this level 2b study suggested that the stretching component
showed no preventive effect, and as such, the preventive effect was derived from
the NHE alone.

A level 4 study that adopted stretching as an element of a prevention programme
was performed in 2005 in Australian rules football [29]. Passive isometric ham-
string stretches were performed during breaks in playing and training, particularly
when players were considered to have muscle fatigue. Other elements of the inter-
vention included more high-speed running, the removal of heavy strength training
for the lower limbs and the use of ‘stooped’ running drills in which players ran
while paddling a ball along the ground. Stretching was performed with the knee in
varying degrees of flexion (0°, 10° and 90°) and subsequent flexion of the trunk to
stretch the hamstrings. Athletes were encouraged to hold each stretch for at least
15 s. The team sustained 27 hamstring injuries in 2 years before the intervention and
eight hamstring injuries in 2 years after its implementation. In addition, this led to
significantly fewer matches being missed due to injury (69 in year 1-2 compared to
21 in year 3-4). Although this study provided promising results, the multifaceted
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nature of the intervention makes it impossible to assess the preventive effects of
each of its components. Consequently, this study does not substantiate the effective-
ness of stretching as a prevention strategy for hamstring injuries.

Lastly, the relationship between stretching protocols and hamstring injury inci-
dence was investigated in a level 4 study that included the top four English profes-
sional divisions [30]. After collecting data through self-administered questionnaires,
a relationship between a standard stretching protocol and hamstring injury risk was
identified. It was stated that the more the stretching protocol was used, the lower the
hamstring injury risk was. However, a high risk of bias due to the design of this
study needs to be taken into consideration when interpreting these results.

In conclusion, the currently available scientific literature does not support the use
of stretching as a means of preventing hamstring strain injury.

6.2.4 Core Stability

Core stability is specifically addressed in this chapter as it is often emphasised as
important for preventing injuries in the lower limb generally and the hamstrings
specifically. However, the term core stability is poorly defined in both scientific
studies and clinical use. The ‘core’ can mean different things to different people,
such as the ‘lumbopelvic region’, ‘lumbar spine’ and even the ‘trunk’. Furthermore,
while the term ‘stability” enjoys widespread use in the sports medicine literature, it
has never been quantified in any hamstring studies [31]. Instead, researchers tend to
measure strength, endurance or nothing at all and then too often assume that ‘stabil-
ity has then been changed in the desired direction. There is, however, some prelimi-
nary level 3 evidence that certain aspects of lumbopelvic kinematics, such as
exaggerated degrees of forward tilt of the pelvis and lateral trunk flexion, may be
associated with an elevated hamstring injury risk [32].

6.2.5 Plyometric and Running Drill Interventions

High-speed running, accelerations and decelerations are critical for performance in
many sports, but these variables are also closely linked to hamstring injury aetiol-
ogy and mechanism [33]. Running drills are often included in training programmes
with the belief that there is both a performance and injury prevention benefit [34].
As mentioned above, the effectiveness of the FIFA 11+ for hamstring injury
prevention is possibly attributed to the NHE, but the FIFA 11+ also incorporates
plyometrics and running drills. Unfortunately, there has been very little research
specifically on plyometrics and running drills as an isolated means to prevent ham-
string injury. To date, there is only a single RCT (level 1b evidence) in this area,
conducted in 32 competitive amateur Dutch football teams (sixth division) (n = 400)
[35]. The intervention consisted of 12 weeks of walking lunges, ‘tripplings’, drop
lunges and bounding, after which a maintenance programme was conducted for the
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rest of the season. The intervention group performed these exercises after regular
training, whereas the control group performed regular training without these addi-
tional exercises. Hamstring injury incidence, number and severity in the interven-
tion group (1.12/1000 h; n = 31; lay off time, 33.0 + 42.7 days) did not differ from
the control group (1.39/1000 h; n = 26 injuries; lay-off time, 21.35 = 12.7).
Compliance with the bounding programme (metres performed/metres prescribed
x100) was 71%. These findings suggest that including walking lunges, ‘tripplings’,
drop lunges and bounding to regular team training does not reduce the incidence of
hamstring injury in amateur soccer, albeit with a modest level of programme com-
pliance. It should be noted that there are a multitude of different plyometric and
running drills that are utilised in practice, so further work is needed to explore the
possible impact of these derivatives on hamstring injury incidence.

6.2.6 Sports-Specific Interventions

It can be argued that high levels of sports-specific fitness should enable athletes to
better withstand the demands of their sport and thereby be less likely to sustain
injury. The aforementioned study by Verrall and colleagues [29] is one example.
Given the addition of knowledge since the publication of this study, it would seem
reasonable that the intervention elements that focused on running exposures and
drills that better replicated the demands of Australian football are the ‘active
ingredients’ of this intervention. However, due to the lack of a control group, it is
not possible to infer whether the benefits arose because of the intervention or just
represented normal seasonal variations. In addition, the level 4 study design
makes it impossible to determine which part or parts of the injury prevention pro-
gramme were important for hamstring injury prevention and what the additional
value of each element was with regard to the reduced number of hamstring
injuries.

6.3  Hamstring Injury Prevention Conclusion

At present, there is level la evidence showing that eccentric hamstring strength
training delivered via the NHE is an effective measure for hamstring injury preven-
tion [36], so long as the exercise is implemented gradually, with appropriate vol-
umes, and compliance is high [22]. It is important to acknowledge that most of these
studies on the NHE were performed in semiprofessional and amateur football envi-
ronments, so how these findings translate to other populations (e.g. elite level,
woman or other sports) remains a topic for further research. However, there are
some indications that including eccentric strength training in the hamstring injury
prevention approach may reduce the risk of sustaining hamstring injuries in other
sports such as baseball, track and field and rugby union. There is also level 1 evi-
dence of a preventive effect from the FIFA 114+ warm-up programme, but it is
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unclear if the FIFA 11+ provides additional benefit to hamstring injury prevention
from exercises other than the NHE. So far, the evidence from stretching studies
indicates that these interventions do not seem to be effective at reducing hamstring
injuries. The evidence on core stability, plyometrics, running drills and sports-
specific training currently remains too limited to fully understand their effectiveness
on hamstring injury prevention.

6.4 Hamstring Injury Implementation

Hamstring injury prevention programmes need to be implemented and adhered to
by the targeted end users to show effectiveness [22]. Implementation of (hamstring)
injury prevention in a sports environment is often a difficult task, even for athletes
at increased risk of hamstring injury [18]. Multiple stakeholders can be involved
such as sports associations (for rules and legislations), club boards, coaches, medi-
cal staff members, agents and so forth. In a sport setting the coach and medical staff
are often the most important administrators of the prevention programme. Ultimately,
however, the athlete is the end user, and his/her views with regard to the drivers and
barriers for adoption of evidence-based hamstring prevention programmes need to
be considered. Clearly, there are many reasons to excuse athletes from injury pre-
vention: these include heavy game schedules, competing training priorities, poor
staff communication, player and staff motivation and limited knowledge of preven-
tive strategies [37, 38]. However, such barriers to hamstring injury prevention par-
ticipation may play an important part in the lack of risk reduction seen in some
sports over the last decade [39].

Research on hamstring injury prevention adherence in both professional and
amateur football has shown that despite its effectiveness, the full evidence-based
NHE programme (as employed by Petersen et al. [1]) is almost never adhered to by
Champions League, Norwegian Premier League and Dutch amateur teams [37, 40].
Although the majority of the coaches of Champions League and Norwegian Premier
League football were positive about the NHE, some reported unsatisfactory out-
comes including muscle soreness and difficulty getting the players to comply with
the programme. In addition, only 4% of physiotherapists, sports scientists and
strength and conditioning coaches from the academies of elite soccer clubs in the
United Kingdom reported using the FIFA 11+, with 9% stating the use of a modified
version of the FIFA 11+ [41].

Different factors can stimulate injury prevention behaviour at the level of the
athlete. Studies have shown that adoption of preventive measures can be stimu-
lated by player motivation [37, 42], staff support [43, 44] and knowledge about
injuries and injury prevention [37, 45-47]. For example, football players that had
personally experienced an evidence-based hamstring injury prevention pro-
gramme reported higher compliance at 2-year follow-up than those who had not
[37]. While community football players acknowledged their effectiveness, they
also believed that the injury prevention programmes need to be short in length and
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that some variety in drills/exercises is preferable [48]. In addition to this, athletes
stated that their personal knowledge of the effectiveness of the injury prevention
programme and their personal motivation are key factors for future adoption.
Coaches and medical staff members reported these factors as important as well
but also stated that consensus among the team staff was important for successful
implementation [37].

6.4.1 Practicalities of Implementation

6.4.1.1 How Can the Attitude Towards Hamstring Injury Prevention
Be Positively Stimulated?

Stimulating injury prevention adherence should be a mutual effort from all stake-
holders involved. The individual athlete, the coaching staff and the medical team are
often responsible for planning of sports-specific technical and medical routines for
each training and match activity. From a practical perspective for the athlete, it is
suggested that the NHE programme should be supervised to improve adherence
[37]. Athletes need to be made aware of, or educated about, the importance of ham-
string injury prevention considering the increased risk for hamstring injuries as well
as the high recurrence rates after the initial injury [46, 47].

With regard to the coaches, it should be recognised that injuries have a signifi-
cant influence on team performance [49]. Lower injury burden and thus higher
training and match availability are associated with more points in league matches,
as well as more success in Champions League and Europa League football. Further
awareness of the performance benefits of injury prevention is also an important part
of implementing preventive strategies and involving coaches in hamstring injury
prevention. Both the FIFA 11+ programme and the NHE protocol have been shown
to improve jumping and balance performance and short sprinting ability [3, 50, 51]
suggesting that there is also a physical capacity benefit, which might resonate more
readily with coaching staff.

For the medical staff, there is an important role to play in facilitating knowledge
transfer from evidence-based medicine to end users (e.g. the athlete) and the admin-
istrators (e.g. the coaches or other members of team staff) because knowledge of the
effectiveness of an intervention plays a major role in hamstring injury prevention
adherence for all of these stakeholders.

6.4.1.2 When Should Prevention Exercises Be Scheduled

in Footballers?
Careful planning of prevention exercises is important to optimise effectiveness,
facilitate performance and stimulate adherence [52-55]. However, the timing of
prevention exercises entails many considerations such as when to perform preven-
tion exercises in a competitive season (pre-, in- or off-season), when in a weekly
schedule and before, during or after training.



158 N. van der Horst et al.

6.4.1.3 Scheduling Prevention During a Competitive Season

All studies derived from level 1 evidence that showed a preventive effect for ham-
string injuries in football through eccentric strength training implemented their
intervention protocol during the preseason [1, 17, 20]. The Danish and Dutch RCTs
both involved a progressive increase in volume of the exercise during preseason and
a maintenance phase in-season. In contrast, the FIFA 11+ programme has been
investigated as a weekly intervention programme, with 2—3 scheduled pretraining/
warm-up sessions a week, during football training.

6.4.1.4 Scheduling Prevention in a Weekly Schedule

Strong scientific evidence is lacking in regards to the optimal scheduling of eccen-
tric exercise within the training week. In addition, a ‘one size fits all’ approach is not
feasible as different sports, leagues and competitions have varying fixture structures
that heavily influence such a decision. As mentioned previously, there is evidence
for the effectiveness of the FIFA 11+ warm-up (which includes the NHE) to reduce
hamstring injury risk in youth and amateur players. Therefore, one strategy at these
levels could be to simply introduce the 11+ (or components of it) into the pre-
football training warm-up, particularly in these populations. However, specific
injury prevention sessions that are separate from the main football training session
are popular methods in practice [54], particularly for higher-level players (e.g. pro-
fessional and semiprofessional).

Level 5 findings from a recent Delphi study found that, in general, when players
play only one match per week (i.e. >5 days recovery between matches), the main
eccentric exercise session is recommended to be performed at 72 h (otherwise referred
to as match day plus 3 days or MD + 3) following the match ([56], in review) and
2-3 days before the next match. However, caution should be taken that there are no
residual fatigue or soreness effects prior to the next match. A study in semiprofes-
sional players [52] showed that when an eccentric exercise session was performed on
MD + 3, some residual fatigue and muscle damage markers were still present on the
day before the match (otherwise referred to as match day minus 1 day or MD - 1). In
particular, creatine kinase (a blood marker of muscle damage) and perceived muscle
soreness remained elevated in players. However, isometric strength was unaffected by
scheduling the eccentric exercise on MD + 3 [52, 57]. In the Delphi survey of profes-
sional teams, familiarising players with eccentric exercise was reported to be impor-
tant as a means of minimising the damage response ([56], in review). The experts
agreed that during periods with <4 days recovery between matches (which may be
more applicable to professional senior and youth football teams), low-intensity eccen-
tric exercises can be used (i.e. low load, low volume) ([56], in review). The experts’
view was that players should be accustomed to performing eccentric exercise to allow
low intensity eccentric training during short recovery periods between matches.
Interestingly, the study by Lovell and colleagues [52] showed that performing eccen-
tric exercises on the day after a match (MD + 1) was not only tolerated by players but
meant that there was also no residual fatigue or muscle damage markers evident on the
MD - 1. This could be particularly important during these periods where there are
<4 days recovery.
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6.4.1.5 Scheduling Prevention Before, During or After Training

Another important question about prevention exercise scheduling is whether or not
to perform an eccentric exercise session before or after the main training session.
Unfortunately, again, there is no strong scientific evidence to recommend one over
the other, and each approach has advantages and disadvantages. While the Delphi
survey of practitioners from professional football ([56], in review) agreed that the
eccentric session can be performed either before or after, it appears that the timing
of the session may have different effects on the muscle. For example, Lovell and
colleagues [53] found that estimated BF, j fascicle lengths were increased and pen-
nation angles decreased when NHE training was performed before football training
sessions. The performance of NHE training after football training was, by contrast,
associated with increases in pennation angle and muscle thickness without change
in estimated fascicle lengths. Given the preliminary evidence that BF,y fascicle
length may influence hamstring injury risk, these findings suggest the possibility
that the scheduling of eccentric training may impact on its injury protective effects.
However, it seems unlikely that any single adaptation would mediate the benefits of
an injury prevention programme. Regardless of the timing of the delivery of eccen-
tric exercise, both approaches have been found to lead to similar chronic increases
in hamstring strength [53]. Performing eccentric exercise after a training session has
also been shown to enhance the ability of players to maintain eccentric knee flexor
strength at half-time and at the end of simulated matches [55].

While it appears appropriate to perform eccentric exercise before or after the main
football training session, there are some considerations to take into account as either
approach could increase the risk of injury [53]. The acute effect of performing eccen-
tric exercise may result in muscle fatigue and could increase the risk of injury [58]
(although such risk is yet to be substantiated), particularly if the planned session is to
be performed at high intensity and/or with high amounts of high-speed running and
sprinting. Therefore, the subsequent exposure should also be considered when decid-
ing whether or not to perform eccentric exercise before or after a training session.

It is worth raising the point that the larger hamstring injury prevention RCTs [1,
20] have employed the NHE either before or after training, and both approaches have
resulted in reductions in injury rates. The Al Attar study provides an interesting per-
spective on this topic as well, since performing the FIFA 11+ pre- and post-training
was more effective in reducing hamstring injury rates compared to performing the
FIFA 11+ programme only before training [11]. From this, it is hypothesised that
there could be a dosage-specific adaptation response to injury prevention exercises,
resulting in a reduced risk of injury. Translating this to practice, the decision around
the timing of delivery of an eccentric strength training stimulus may be dictated by
other contextual factors such as coach, practitioner and athlete preference and con-
sideration of the nature of the upcoming training session.

6.4.1.6 Should Hamstring Injury Prevention Strategies Be Tailored

to the Individual?
Practitioners are often encouraged to provide tailored injury prevention strategies.
Programmes may be tailored based on sport- or position-specific requirements or on
the injury risk profile of the individual (noting that this risk profile will have some
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degree of subjectivity). This approach is predicated on the notion that screening for
risk factors can assist risk profiling, hence providing guidance for tailored injury
prevention programmes. Yet, the evidence for providing interventions based on a risk
assessment [18, 59] is limited, and results have been mixed. With this in mind, it is
critical that all individuals are provided with interventions that have been proven to
reduce the incidence of hamstring injury, regardless of the perceived risk profile [60].

Beyond the blanket application of proven primary prevention strategies, an indi-
vidualised approach to support the overarching hamstring injury prevention strategy
may very well include the individualised interpretation of serial monitoring data,
via secondary and tertiary prevention strategies, and this will be discussed in more
detail in Chap. 11.

6.5 Hamstring Injury Implementation Conclusion

This chapter has presented an evidence-based framework to guide the development
and implementation of hamstring injury prevention strategies (Fig. 6.1). Level 1
evidence strongly indicates that primary hamstring injury prevention should utilise
exercise programmes for hamstring strength with eccentric overload. Ultimately,
stimulating adherence to preventive measures is the final step to make evidence-
based hamstring injury prevention work in a real-world setting.

It is imperative to consider injury prevention from a performance perspective as
well, especially when faced with a congested schedule that can make planning of
injury prevention exercises difficult. Therefore, it seems important to carefully plan
and gradually increase eccentric training load for each athlete.

In conclusion, the evidence suggests building up a hamstring injury prevention
programme during preseason and maintaining it in the in-season. When playing one
match per week, the recommended day to perform the main eccentric exercise ses-
sion seems to be on MD + 3. Players should, however, be accustomed to the eccentric
stimulus by maintaining at least weekly sessions to minimise the damage response
prior to the next match. Based on expert opinion, it may also be appropriate to per-
form low-load/low-volume eccentric exercise on the MD + 1, but again, players must
be accustomed to this. Finally, eccentric conditioning sessions have proven effective
whether they were conducted before or after the main football session, so the context
of the planned football session and other factors that may improve coach or athlete
buy-in are important considerations before planning an implementation strategy.
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