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Abstract: This systematic review and meta-analysis aims to investigate the effects and differences

of various hamstring eccentric training protocols for the prevention of lower limb injuries, and we

further propose a more refined hamstring eccentric training protocol for the prevention of lower

limb injuries. A literature search for the effects of hamstring eccentric training on lower extremity

sports injuries was conducted using the PubMed, Web of Science, and EMBASE databases, and the

literature was searched covering the period from the date of the database’s creation to 20 August 2022.

A meta-analysis of the included literature was performed using R.4.21 for lower extremity injuries,

injuries in various parts of the lower extremity, and subgroup analysis for exercise frequency, exercise

cycle, and exercise population. A total of 23 randomized controlled trial (RCT) studies were found

to be included in the meta-analysis, and 15 of these trials, totaling 14,721 patients, were determined

to be included in the overall lower extremity injury prevention effect. The analysis showed that the

implementation of a hamstring eccentric training program reduced lower extremity injuries by 28%,

and it resulted in a 46% decrease in hamstring injury rate and a 34% decrease in knee injury rate. The

subgroup analysis revealed that the frequency of exercise was most significant in the twice-a-week

exercise group, that the exercise program was most effective in preventing injuries in the 21–30-week

exercise period, and that the program was most effective in preventing injuries in elite athletes and

amateur adult athletic populations, compared with adolescents.

Keywords: hamstring; eccentric training; injuries; prevention; training program

1. Introduction

Sports have a significant contribution to physical health, but they also carry certain
risks [1,2]. Epidemiological surveys have shown that the risk of injury is 1.5 to 2.0 times
higher in individuals who regularly participate in various sports [3]. In sports such as
basketball, soccer, and rugby, lower extremity injuries are common sports injuries gained
during their training and competitions [4,5]. Sports injuries have imposed a significant
economic burden on athletes and sports groups [6,7]. Sports injuries are most prevalent in
adolescents and also have a significant impact on adults [8]. An Australian study estimated
the direct cost of sports-related injuries at $265 million over seven years [3]. Lower extremity
injuries account for more than 60% of the total sports injury burden, with 60% of these
being ankle and knee injuries [9]. Hamstring strains account for 1/6 of injuries in the
Australian Football League, with injured players missing almost the entire season. The
treatment of sports injuries requires a long period of time, while the injury can affect the
athletic ability and performance of the athlete [10]. A sports injury can cause an athlete to
stop training or performing, and it is likely to affect the athlete’s athletic career [11].

Therefore, targeted injury prevention training is a very effective intervention in sports
training [12–15]. In recent years, more and more athletes or teams are adopting injury pre-
vention programs, which is an essential part of their warm-up or strength training [16,17].
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The aim is to effectively reduce the incidence of sports injuries. “FIFA11+” is one of the
most effective prevention programs which consists of three parts: basic running (Part 1);
three levels of difficulty of six exercises aiming to increase muscular strength (core and
lower limbs), balance, muscle control (plyometrics), and core stability (Part 2); and running
(e.g., straight-line running or cutting activities) (Part 3). A related cluster randomized
controlled trial (RCT) study, in which all 20 teams comprising 414 players aged 14–19 years
in the English Premier League had implemented the FIFA11+ warm-up exercises in the
intervention group and showed a 41% reduction in the overall injury probability in the
intervention group, as compared with the control group [18]. A similar study showed a
significant reduction in severe soccer sports injuries using an injury protection program
that included hamstring centrifugation (FIFA11+) [19]. The intervention group had a 77.1%
reduction in severe hamstring injuries, and multiple RCTs have demonstrated the feasibility
of sports injury protection programs [20–22].

The hamstrings are muscles in the posterior thigh—consisting mainly of the semi-
tendinosus, semimembranosus, and biceps femoris. The hamstrings begin at the sciatic
tuberosity and end at the tibia, spanning the hip and knee joints. The main function of
these muscles is to flex the knee and extend the hip, and another important role is to
maintain the stability of the knee joint [23,24]. Significant disability, activity restrictions,
and participation restrictions, including time away from competitive sports, may follow a
hamstring injury. A hamstring injury may be connected to professional sports with sub-
stantial financial expenses. Another significant problem is the high rate of reinjuries [25].
Prospective studies have highlighted modifiable injury risk factors, such as eccentric knee
flexor weakness and muscle architectural features (such as biceps femoris fascicle length),
as a target for hamstring injury prevention strategies [26,27]. The Federation Internationale
de Football Association (FIFA) Medical Assessment and Research Centre (F-MARC) has
developed the “FIFA 11” and “FIFA 11+” prevention programs [28]. These programs consist
of several exercises that take approximately 15 min before each workout. These include
self-weighted hamstring eccentric training, for example, the Nordic hamstring exercise
(NHE), with one set with eight repetitions [29]. Neuromuscular training is a comprehensive
training method that includes strength, speed, agility, balance, and other athletic abili-
ties [20]. Recent neuromuscular training and injury prevention training also use hamstring
eccentric training as part of strength training or warm-up activation, with eccentric training
using resistance or self-weight training forms to improve the eccentric muscle strength
of the hamstrings to reduce the risk of injury [30,31]. A meta-analysis by AI Attar et al.
showed that the implementation of the F-MARC protection program significantly reduced
the overall risk of sports injuries in soccer [28]. A recent study showed a 49% reduction
in the risk of hamstring injury with the addition of hamstring eccentric training during
exercise [32]. However, most of the previous related research studies were limited to soccer,
and a considerable number of RCTs were not included; also, no reviews or meta-analyses
focused on integrating and comparing exercise protection measures in hamstring eccentric
training programs, and they lacked a categorical study of the participating population,
exercise levels, and training period [33–35]. The present review and meta-analysis will
broaden the scope of the previous studies by focusing on the effectiveness of different
eccentric training programs for injury prevention and the prevention of injuries in different
locations of the lower extremity.

2. Materials and Methods

The review has been registered in the PROSPRERO database (CRD42022352757). This
systematic review and meta-analysis was conducted using advance reporting from the
PRISMA guidelines [36].
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2.1. Eligibility Criteria

2.1.1. Inclusion Criteria

The RCT studies selected for inclusion had to be written in the English language, and
the selected literature needed to meet the following PICOS criteria:

(1) Population: All people of both sexes being involved in sports, including profes-
sional and semi-professional players, sports enthusiasts, and students in high school and
college sports teams.

(2) Intervention: Warm-up programs, including hamstring eccentric training and
injury prevention programs: FIFA, FIFA11+, FIFA11+kids, F-MARC protection program,
NHE exercises, or integrated neuromuscular training.

(3) Control group: A conventional warm-up program or training program was adopted
in the study, and the articles had to include the training method and training duration of
the control group.

(4) Outcome: The studies needed to report the incidence of lower extremity injuries,
including the number of lower extremity injuries, such as hip injuries, hamstring injuries,
knee injuries, ankle injuries, or the number of injuries sustained during 1000 h of training
or competition.

(5) Study type: Clinical trials or RCTs.

2.1.2. Exclusion Criteria

Following the PICOS principles, the exclusion criteria considered were as follows:
(1) Population: People with no exercise capacity or with major diseases.
(2) Intervention: Hamstring eccentric training was not employed in the intervention

or was performed after surgery.
(3) Control group: The control group had no intervention or used the same measures

as the intervention group.
(4) Outcome: No reported number of lower extremity injuries or injury rates.
(5) Study type: Single-arm study, systematic reviews with meta-analysis, conference

reports, case studies, and animal experiments.

2.2. Information Sources

The studies were retrieved both from electronic databases and comprehensive searches
of reference lists of included studies. The search—covering a period between the creation
of a database and 20 August 2022—included the following databases: PubMed, Web of
Science, and EMBASE.

2.3. Search Strategy

An advanced search was performed with subject terms and free words, and the search
terms were: “eccentric exercise, NHE, Nordic hamstring exercise, Russian leg curl, kneeling
Russian hamstring curl, natural hamstring curl, and bodyweight and bodyweight, natural
hamstring curl, bodyweight hamstring curl, FIFA11+, FIFA11, F-MARC, The 11+, warm up
program, injury prevention program, neuromuscular training, lower limb injuries, injury,
sport injuries, athletic injuries.” The search period was from the beginning of the database
creation until 20 August 2022. The search lines have been provided in the supplementary
Table S3.

2.4. Selection Process

Document search records were managed using the EndNote (version X9) document
management software. Based on the established inclusion and exclusion criteria, two
reviewers (C.H. and Z.D.) independently reviewed the contents of the titles and abstracts
and read the full texts of the studies that met the criteria for final inclusion. After completing
the screening, the screening results of these two reviewers were compared, and, if there
was a dispute, it was resolved through discussion with a third reviewer (M.T.).
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2.5. Data Collection Process

Data for the articles were extracted independently by two reviewers (C.H. and Z.D.)
in Microsoft Excel (version 2015). Disputes were resolved through consultation between
the two reviewers, and, when they could not be resolved at their level, a third reviewer
(M.T.) adjudicated. In cases where the data were incomplete, the author/s were contacted
via email to obtain the complete data.

2.6. Data Items

The data to be extracted from the studies included: (1) basic information about the
study, such as the name of the author and the year of publication; (2) population char-
acteristics, such as the sport level, sample size, age, sex, etc.; (3) intervention measures,
intervention period, and the intervention frequency; and (4) subject lower extremity in-
juries and the number and injury rate of each location injury. If a study reported results
for different training periods, we selected the results for the longest intervention period.
The primary outcome was lower extremity injuries. The secondary outcomes were hip,
hamstring, knee, and ankle injuries. The number of injuries was defined as the number of
injuries that occurred during a game or a training session.

2.7. Study Risk of Bias Assessment

Two investigators (C.H. and Z.D.) independently assessed the risk and quality of
bias according to the Cochrane risk of bias tool (ROB) [37], which classified bias into six
categories: selectivity bias, implementation bias, measurement bias, follow-up bias, and
other bias. Each article was evaluated with “low risk,” “high risk,” and “unclear risk,” and
disagreements, whenever encountered, were resolved by a third investigator.

2.8. Effect Measures

Lower extremity injury is a dichotomous variable, and this paper uses the risk ratio
(RR), which is the incidence of injury in the intervention group vis-à-vis incidence of injury
in the control group with 95% confidence interval as the combined effect size. If RR = 1, it
implies that the intervention group is different from the control group; if RR > 1, it indicates
that the intervention is harmful to the subjects; if RR < 1, it indicates that the intervention
has a positive effect on the prevention of lower limb injuries; and the lower the RR value,
the greater is the effectiveness of the intervention.

2.9. Synthesis Methods

The meta-analysis was completed following the Cochrane approach. The results from
the RCTs were incorporated into this study for meta-analyses to guarantee homogeneity
of the study design. The meta-analysis was performed using the R statistical software (‘R’
statistical environment V.4.2.1, www.r-project.org (accessed on 30 August 2022 )). People
of varied ages and levels of exercise were included in this meta-analysis. We selected the
random-effects model considering that the dose and methodology of the interventions
varied. Heterogeneity in the effect of study-constructed interventions was tested by I2 in
the Cochrane guidelines: if I2 < 50%, we used the fixed-effects model, and if I2 ≥ 50%, we
used the random-effects model. The subgroup analysis was performed to find sources of
heterogeneity. Publication bias has been illustrated with a funnel plot.

2.10. Publication Bias

Twenty-three papers were included in the study, and the publication bias was checked
using Peters’ test and funnel plots were generated.

2.11. Assessment of Certainty of Evidence

The certainty of evidence was rated based on the GRADE recommended guide-
lines [38], according to which the level of evidence is reduced when there are serious
concerns with respect to risk of bias, imprecision, inconsistency, indirectness, publication

www.r-project.org
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bias, and the level of risk is upgraded when there is a large magnitude of effect, dose
response, or no plausible confounding. A summary of findings table was generated using
the GRADE profiler software (version 3.6; Cochrane IMS) for the outcomes. The outcome
indicators included lower extremity injury, hamstring injury, hip and groin injury, knee
injury, and ankle injury. The quality of evidence across each outcome was eventually
classified into four levels, namely, high, moderate, low, and very low. The results of the
GRADE system are shown in Table S2.

3. Results

3.1. Study Selection

The results of the search are shown in Figure 1. A total of 2478 papers were retrieved by
searching the PubMed, Web of Science, and EMBASE databases; 48 papers were obtained
after removing duplicates, animal experiments, non-randomized controlled experiments,
and experimental papers that did not meet the inclusion criteria. After reading the full text
of the literature of these 48 papers, 15 papers were retrieved in the end. By reading the
meta-analysis of other researchers, 8 additional papers were included after a three-person
discussion, and finally 23 RCT studies were included.
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Figure 1. Flow chart of study selection for the analysis of the effects of different hamstring eccentric

exercise programs on preventing lower extremity injuries and possible adverse events related to these

programs.

3.2. Study Characteristics

A total of 23 RCT studies were included in the study. Twenty studies in this literature
were in the sport of soccer, one included the sport of soccer with lacrosse, one handball
sport, and one study on the sport of basketball. Four studies were conducted in female
athletic groups, 16 studies were conducted in male athletic groups, two studies were
conducted with both male and female participants, and two studies did not report the
gender of the participants.

Out of the twenty-three studies on outcome measures, seven reported on the number of
hamstring injuries, three on the number of lower extremity injuries, one on anterior cruciate
ligament (ACL) injuries, and twelve on systemic injuries. Exercise interventions included
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a comprehensive warm-up with exercises such as Nordic jerk, the inclusion of hamstring
eccentric training in daily training, and exercises such as FIFA11+ and FIFA11+kids. The
periodicity of the intervention ranged from 10 to 52 weeks and the frequency of the
intervention ranged from one to five times a week. The basic characteristics of the included
studies (n = 23) are shown in Table S1.

3.3. Risk of Bias in Studies

The risk of bias assessment is summarized in Figure 2. High risk of bias and detection
bias were identified, with moderate selection bias. Attrition and reporting bias were low
for the included studies. Individual assessments of high, low, or unknown risk of bias for
each study are shown in Figure 2.
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Figure 2. Risk of bias summary. The authors’ judgments about each risk of bias item is presented as

percentages across all included studies.

3.4. Publication Bias Results

An examination of the funnel plot shows slight asymmetry, suggesting that bias
may not be present (Figure 3). The Peters’ test confirmed symmetry (intercept = −0.2216;
SE = 0.0905; p = 0.28).
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Figure 3. Funnel plot based on study standard error and risk ratio in assessing publication bias.

3.5. Effect of Hamstring Eccentric Exercise on Preventing Lower Extremity Injuries

3.5.1. Overall Effect Test

Twenty-three randomized controlled trials, with a total of 18,215 subjects, were in-
cluded in the literature for analysis. A total of 15,049 lower extremity injury subjects
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from 15 publications were included in the overall effect test for the overall effect analy-
sis (Figure 4) [4,5,19,22,27,39–47]. The results suggested an effect size of RR = 0.72 (95%
CI: 0.71–0.80; Z = −9.06; p < 0.01), indicating that a program of eccentric training of the
hamstring muscle is effective in preventing the risk of lower extremity injury in athletic pop-
ulations, and a test of heterogeneity was also performed for the included studies (I2 = 83%;
p < 0.05) indicating a high degree of heterogeneity between studies. Therefore, the authors
have used the random-effects model in the meta-analysis.
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Figure 4. Primary analysis of overall lower extremity injury rates in hamstring eccentric exercise

prevention programs compared with control intervention [4,5,18,19,22,27,39–47].

3.5.2. Injury in Different Body Regions

1. Secondary analyses of the effect of hamstring sports injury prevention

A meta-analysis of the prevention of hamstring injuries was performed on 13 included
papers, with a total of 6797 subjects (Figure 5) [4,5,27,39,41,46–53]. The interventions in-
cluded additional hamstring eccentric training and FIFA11+. The results showed moderate
heterogeneity in the effect sizes of the different hamstring eccentric training protocols
(I2 = 52%, with an RR value of 0.54 and statistically significant at p < 0.001).

2. Secondary analyses of the effect of hip and groin sports injury prevention

Ten RCTs with 10,416 subjects were included. The number of reported hip and groin in-
juries was 122 in the intervention group and 187 in the control group [4,5,27,39,40,42,44,46,54].
The analysis showed low heterogeneity of 38% in the included literature; therefore, a
fixed-effects model was used for the analysis. The results of the meta-analysis showed a
p value of 0.005 and an RR value of 0.73, indicating that hamstring eccentric training, when
added to the training program, was effective in preventing hip injuries and groin injuries
(Figure 5).

3. Secondary analyses of the effect of knee sports injury prevention

A total of 13,809 knee injury subjects from 17 RCT studies were included in the
meta-analysis, with interventions, including hamstring eccentric training in warm-up
or injury prevention programs, versus FIFA11+ and the results (Figure 6) showed an
RR value of 0.66 for the effect size of the different hamstring eccentric training proto-
cols, with moderate heterogeneity between studies (I2 = 54% and statistically significant
(p < 0.001)) [4,5,18,19,22,27,39,41–47,55–57].
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Figure 5. Secondary analyses of injury rates in hamstring eccentric exercise prevention programs,

compared with control intervention for the following specific body regions: hamstring and hip and

groin [4,5,18,19,22,27,39–47].

4. Secondary analyses of the preventive effect of ankle sports injuries

Fifteen papers with a total of 14,273 subjects were included, and the results of the
analysis (Figure 6) showed low heterogeneity between the papers, with I2 = 47%, using
a fixed-effects model [4,5,18,19,22,27,39–41,44–47,55,58]. Thus, programs that included
hamstring eccentric training were effective in preventing ankle injuries in the athletic
population (RR = 0.78). The results of the analysis were statistically significant (p = 0.006).

3.5.3. Results of Subgroup Analysis (Table 1)

Exercise frequency: The subgroup analysis was performed on the 13 RCT studies
included in the literature, with a total of 10,989 subjects. The results showed low heterogene-
ity between training once a week, training twice a week (I2 = 0%), and high heterogeneity
in the amount of effect between groups performing training more than twice a week
(I2 = 89%). Hamstring eccentric training once a week had no effect on lower extremity
injury prevention (RR = 1.00), while training twice a week and training more than twice
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a week had significant effect sizes. An exercise frequency of twice a week significantly
reduced lower extremity injuries (RR = 0.60; 95% CI: 0.49–0.72).

Exercise period: A subgroup analysis was performed on 12 included RCT studies, with
a total of 14,712 subjects. The results showed moderate heterogeneity (I2 = 67%) between
training groups of 10–20 weeks and moderateto high heterogeneity between 21–30 weeks
and >30 weeks. Analysis of effect sizes indicated that the most significant effect size was
found for training at 21–30 weeks (R = 0.62; 95% CI: 0.38–1.01), followed by the second most
effective intervention at 10–20 weeks (RR = 0.68; 95% CI: 0.54–0.87), and a less significant
intervention at greater than 31 weeks (RR = 0.77; 95% CI: 0.60–1.00).
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Figure 6. Secondary analyses of injury rates in hamstring eccentric exercise prevention pro-

grams compared with control intervention for the following specific body regions: knee and

ankle [4,5,18,19,22,27,39–47,55–58].

Intervention methods: A subgroup analysis was performed on 13 included RCT
studies, with a total of 1472 subjects. Results suggested low heterogeneity between the
intervention modality group with FIFA11 and in the inclusion of additional Nordic drop
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centrifugation training (I2 = 0% and I2 = 37%, respectively) and high heterogeneity in
effect size between the group with FIFA11+ intervention (I2 = 88%). Effect size analysis
showed that the cumulative effect size was more pronounced in the FIFA11+ intervention
group (RR = 0.66; 95% CI: 0.48–0.90) and that the FIFA11 intervention modality was the
least effective in preventing lower extremity injuries (RR = 0.94; 95% CI 0.85–1.05). The
FIFA11+kids intervention was the most effective (RR = 0.52; 95% CI: 0.33–0.83), but there
was only one piece of literature in this group and the results were not representative.

Competition level: A subgroup analysis was performed on 15 RCTs with a total of
14,721 subjects. The results indicated low heterogeneity (I2 = 0%) in the amateur group
and high heterogeneity within the elite and adolescent groups for the hamstring eccentric
training protocol. The results of the effect size analysis showed a significant effect of the
hamstring eccentric training program on injury prevention in the amateur sports population
(RR = 0.54; 95% CI: 0.38–0.75) and a positive effect on lower extremity injury prevention in
adolescent and elite athletes.

Table 1. Results of subgroup analysis.

Subgroup
Heterogeneity Test

I2(%) P-Value
Group RR (95%CI)

The Number
of Study

Sample Size

Exercise methods

37% 0.19
Additional hamstring

eccentric training
0.71 (0.59–0.87) 4 4376

88% <0.001 FIFA 11+ 0.66 (0.48–0.90) 8 6835
0% 0.82 FIFA11 0.94 (0.85–1.05) 2 2548

- - FIFA11+Kids 0.52 (0.33–0.83) 1 962

Exercise frequency
per week

0% 0.38 Once per week 1.00 (0.84–1.18) 2 2357
0% 0.52 Twice per week 0.60 (0.49–0.72) 5 3329
89% <0.01 More than twice a week 0.69 (0.53–0.90) 6 5303

Exercise period
67% 0.03 10–20weeks 0.68 (0.54–0.87) 4 2243
86% <0.01 21–30weeks 0.62 (0.38–1.01) 4 3334
79% <0.01 More than 31weeks 0.77 (0.60–1.00) 7 9144

Competition level
84% <0.01 Youth 0.75 (0.56–0.99) 7 9688
80% <0.02 Elite 0.73 (0.57–0.93) 6 4762
0% 0.41 Amateur 0.54 (0.38–0.75) 2 271

“-“ Indicates no data.

4. Discussion

The main findings of this study, based on the inclusion of 23 randomized controlled
trials, showed that a hamstring eccentric training program adopted in youth and adult
sports had a significant positive effect on the prevention of lower extremity injuries (RR
0.72; 95% CI 0.60–0.88) and was effective in reducing hip, hamstring, knee, and ankle
injuries. The most significant effect on hamstring injury prevention (RR = 0.54) reduced the
risk of injury by 46%, followed by knee injury prevention, with the weakest effect on ankle
injury prevention, complementing the results of previous meta-analyses examining lower
extremity injury prevention [33,34,59]. Consistent recommendations in high-quality RCTs
suggest that the implementation of hamstring eccentric training warm-up exercises can
significantly reduce the occurrence of lower extremity sports injuries [4,19,59].

FIFA11+ is proven to be an effective warm-up workout to prevent sports injuries. A
meta-analysis showed that FIFA11+ exercises reduced lower extremity sports injuries by
39% [34]. In comparison with previous meta-analyses, we included more high-quality RCTs
in the study to expand the sample size. Competition levels, training cycles, and training
frequency were also analyzed and discussed to quantify the effect of lower extremity
injury prevention. The study showed that FIFA11+ exercises with a systematic process
had a positive effect in preventing lower extremity sports injuries, as compared with
incorporating additional hamstring eccentric training, which decreased the incidence of
lower extremity injuries by 34%.
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In training programs, training frequency is an essential factor that affects the effective-
ness of the prevention of sports injuries. This study suggested that the greatest effect size
(RR = 0.60) for prevention of sports injuries was a twice-a-week hamstring eccentric training
program, which is consistent with the study by Lopes et al. [44]. An RCT conducted by
Whalan et al. showed that training twice a week in a FIFA11+ warm-up program reduced
injuries by 65% in an athletic population [60]. Training frequency above twice a week
was second most effective in preventing lower extremity injuries (RR = 0.69); however,
eccentric training programs performed only once a week were ineffective in preventing
lower extremity sports injuries. Only two papers on exercise frequency were included in
this study; therefore, more research on exercise frequency is needed in the future [42,43].

Exercise period also influenced the relationship between training regimen and lower
extremity sports injury prevention. Fifteen RCT studies were included, all of which had
a training frequency of 1–5 sessions per week, and a subgroup analysis showed that
a hamstring eccentric training regimen lasting 21–30 weeks was the most effective in
preventing lower extremity injuries, resulting in a 38% reduction in lower extremity injuries
(RR = 0.62). This may be due to the fact that the hamstring eccentric training protocol
of 21–30 weeks increased the eccentric strength of the hamstrings, improved the muscle
balance between the hamstrings and quadriceps, and maximized the promotion of adaptive
changes in hamstring strength and structure [23,61–63].

We found that the inclusion of hamstring eccentric training was able to prevent lower
extremity injuries at all levels of sport, with the implementation of hamstring eccentric
training in youth sports being the least effective in preventing lower extremity injuries
(RR = 0.75), which was followed by elite athletes in which it was the second most ef-
fective (RR = 0.73); this was followed by amateur levels of sports, wherein it was the
most effective in preventing sports injuries, reducing lower extremity injuries by 46%
(RR = 54%). Decreased heterogeneity between the studies was found by grouping the exer-
cise levels, suggesting that different exercise levels of the population may be the source
of heterogeneity.

The mechanism of lower extremity injury can be explained by abnormal lower ex-
tremity mechanics, greater knee valgus angle, and torque. Hamstrings play an important
role in running exercises, especially at the end of the swing when there is a strong active
lengthening muscle action to slow hip flexion and knee extension. All of the warm-up
exercises included in the 23 publications included hamstring eccentric training, which can
increase peak hamstring centrifugation, increase hamstring activation, and improve the
muscle balance between hamstrings and quadriceps, which may reduce the risk of lower
extremity injury [64,65].

Biceps femoris long head (BFLH) after NHE produces structural adaptations including
increases in length and thickness, while improving the biceps femoris pinna angle [65],
which has practical implications for sports injury prevention. Butler et al. evaluated
dynamic balance tests on 59 soccer players and showed that increasing the hamstring
eccentric training during warm-up exercises may improve dynamic balance function, in
increasing neuromuscular control, a key factor in injury prevention and increased athletic
performance [33]. Previous systematic evaluations and meta-analyses aimed at reducing
sports injury interventions included populations of only soccer players [30,33,34]. A recent
meta-analysis included 15 studies evaluating the effect of incorporating NHE into injury
prevention programs versus controls for hamstring injuries that reported incidence in
women and men across sports and age groups [32]. However, the population of this
study was limited to athletes, there was no meta-analysis of injuries in the general sports
population and adolescents, and the outcome indicators from previous studies [28,32,35]
reported only on the prevention of hamstring injuries and not on the effects of interventions
for lower extremity injuries and hip, knee, and ankle injuries.

The meta-analysis in this study validates that hamstring eccentric training during
exercise is effective in preventing hamstring injuries and has positive implications for the
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prevention of lower extremity injuries; therefore, hamstring eccentric training should be
used further in future sports injury protection programs and warm-up exercises.

Our research has some limitations. The literature search and selection approach might
have produced certain biases. We conducted the meta-analyses only on published RCT-type
literature, which thus potentially exposed the study to publication bias. There was high
heterogeneity in this study and the results of the subgroup analysis were affected by this.
The diversity of hamstring eccentric training protocols and the inclusion of populations
with different exercise levels and inconsistent training frequency and training period may
have led to a high degree of heterogeneity between the studies. In the implementation
of training, it is difficult to blind subjects and coaches, which affects the methodological
quality of the meta-analysis. Future studies should therefore refine the experimental design
to investigate, in depth, the physiological mechanisms of hamstring eccentric training for
sports injury prevention, under the premise of controlling load variables, and to establish
more precise exercise prescriptions for different age groups (children, adolescents, and
youth) and in different sports domains.

5. Conclusions

Hamstring eccentric training has a positive effect on the prevention of lower extremity
sports injuries. It is also effective in reducing hamstring, knee, hip, and ankle injuries.
A hamstring eccentric training program with an exercise frequency of twice a week and
an exercise period of 21–30 weeks is the most effective in preventing lower extremity
sports injuries.

Supplementary Materials: The following supporting information can be downloaded from https://

www.mdpi.com/article/10.3390/ijerph20032057/s1. Table S1: Basic information of the included studies;

Table S2: The results of the GRADE system; Table S3: Literature search words.

Author Contributions: C.H. with Z.D. wrote the article and Y.S. revised it. M.T. finished polishing

the English language and provided suggestions during the revision process. All authors have read

and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in the study are included in the

article/supplementary material. Further inquiries can be directed to the corresponding author.

Acknowledgments: We thank all the reviewers for their assistance and support.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Okobi, O.E.; Evbayekha, E.O.; Ilechie, E.; Iroro, J.; Nwafor, J.N.; Gandu, Z.; Shittu, H.O. A meta-analysis of randomized controlled

trials on the effectiveness of exercise intervention in preventing sports injuries. Cureus 2022, 14, e26123. [CrossRef] [PubMed]

2. van Mechelen, W. The severity of sports injuries. Sports Med. 1997, 24, 176–180. [CrossRef] [PubMed]

3. Emery, C.A.; Pasanen, K. Current trends in sport injury prevention. Best Pract. Res. Clin. Rheumatol. 2019, 33, 3–15. [CrossRef]

[PubMed]

4. Hasebe, Y.; Akasaka, K.; Otsudo, T.; Tachibana, Y.; Hall, T.; Yamamoto, M. Effects of Nordic hamstring exercise on hamstring

injuries in high school soccer players: A randomized controlled trial. Int. J. Sports Med. 2020, 41, 154–160. [CrossRef] [PubMed]

5. Engebretsen, A.H.; Myklebust, G.; Holme, I.; Engebretsen, L.; Bahr, R. Prevention of injuries among male soccer players: A

prospective, randomized intervention study targeting players with previous injuries or reduced function. Am. J. Sports Med. 2008,

36, 1052–1060. [CrossRef] [PubMed]

6. Rudolph, L.; Willick, S.; Teramoto, M.; Cushman, D.M. Adaptive sports injury epidemiology. Sports Med. Arthrosc. Rev. 2019, 27,

e8–e11. [CrossRef]

7. Hespanhol, L.C., Jr.; Barboza, S.D.; van Mechelen, W.; Verhagen, E. Measuring sports injuries on the pitch: A guide to use in

practice. Braz. J. Phys. Ther. 2015, 19, 369–380. [CrossRef]

8. Stracciolini, A.; Sugimoto, D.; Howell, D.R. Injury prevention in youth sports. Pediatr. Ann. 2017, 46, e99–e105. [CrossRef]

https://www.mdpi.com/article/10.3390/ijerph20032057/s1
https://www.mdpi.com/article/10.3390/ijerph20032057/s1
http://doi.org/10.7759/cureus.26123
http://www.ncbi.nlm.nih.gov/pubmed/35875288
http://doi.org/10.2165/00007256-199724030-00006
http://www.ncbi.nlm.nih.gov/pubmed/9327533
http://doi.org/10.1016/j.berh.2019.02.009
http://www.ncbi.nlm.nih.gov/pubmed/31431273
http://doi.org/10.1055/a-1034-7854
http://www.ncbi.nlm.nih.gov/pubmed/31902129
http://doi.org/10.1177/0363546508314432
http://www.ncbi.nlm.nih.gov/pubmed/18390492
http://doi.org/10.1097/JSA.0000000000000243
http://doi.org/10.1590/bjpt-rbf.2014.0110
http://doi.org/10.3928/19382359-20170223-01


Int. J. Environ. Res. Public Health 2023, 20, 2057 13 of 15

9. Conn, J.M.; Annest, J.L.; Gilchrist, J. Sports and recreation related injury episodes in the us population, 1997–1999. Inj. Prev. 2003,

9, 117–123. [CrossRef]

10. Hickey, J.T.; Opar, D.A.; Weiss, L.J.; Heiderscheit, B.C. Hamstring strain injury rehabilitation. J. Athl. Train. 2022, 57, 125–135.

[CrossRef]

11. van Mechelen, W. Sports injury surveillance systems. ‘One size fits all’? Sports Med. 1997, 24, 164–168. [CrossRef] [PubMed]

12. Sadigursky, D.; Braid, J.A.; Lemos De Lira, D.N.; Barreto Machado, B.A.; Fernandes Carneiro, R.J.; Colavolpe, P.O. The FIFA 11+

injury prevention program for soccer players: A systematic review. BMC Sports Sci. Med. Rehabil. 2017, 9. [CrossRef] [PubMed]

13. Rössler, R.; Donath, L.; Verhagen, E.; Junge, A.; Schweizer, T.; Faude, O. Exercise-based injury prevention in child and adolescent

sport: A systematic review and meta-analysis. Sports Med. 2014, 44, 1733–1748. [CrossRef] [PubMed]

14. Grimm, N.L.; Jacobs, J.C., Jr.; Kim, J.; Amendola, A.; Shea, K.G. Ankle injury prevention programs for soccer athletes are protective

a level-i meta-analysis. J. Bone Joint Surg. Am. 2016, 98, 1436–1443. [CrossRef] [PubMed]

15. Barboza, S.D.; Joseph, C.; Nauta, J.; van Mechelen, W.; Verhagen, E. Injuries in field hockey players: A systematic review. Sports

Med. 2018, 48, 849–866. [CrossRef] [PubMed]

16. Bizzini, M.; Dvorak, J. FIFA 11+: An effective programme to prevent football injuries in various player groups worldwide-a

narrative review. Br. J. Sports Med. 2015, 49, 577–579. [CrossRef]

17. Elerian, A.E.; El-Sayyad, M.M.; Dorgham, H.A.A. Effect of pre-training and post-training Nordic exercise on hamstring injury

prevention, recurrence, and severity in soccer players. Ann. Rehabil. Med. 2019, 43, 465–473. [CrossRef]

18. Owoeye, O.B.A.; Akinbo, S.R.A.; Tella, B.A.; Olawale, O.A. Efficacy of the FIFA 11+warm-up programme in male youth football:

A cluster randomised controlled trial. J. Sports Sci. Med. 2014, 13, 321–328.

19. Nuhu, A.; Jelsma, J.; Dunleavy, K.; Burgess, T. Effect of the FIFA 11+ soccer specific warm up programme on the incidence of

injuries: A cluster-randomised controlled trial. PLoS ONE 2021, 16, e0251839. [CrossRef]

20. Achenbach, L.; Krutsch, V.; Weber, J.; Nerlich, M.; Luig, P.; Loose, O.; Angele, P.; Krutsch, W. Neuromuscular exercises prevent

severe knee injury in adolescent team handball players. Knee Surg. Sports Traumatol. Arthrosc. 2018, 26, 1901–1908. [CrossRef]

21. Emery, C.A.; Owoeye, O.B.A.; Raisanen, A.M.; Befus, K.; Hubkarao, T.; Palacios-Derflingher, L.; Pasanen, K. The “shred injuries

basketball” neuromuscular training warm-up program reduces ankle and knee injury rates by 36% in youth basketball. J. Orthop.

Sports Phys. Ther. 2022, 52, 40–48. [CrossRef] [PubMed]

22. Zarei, M.; Abbasi, H.; Namazi, P.; Asgari, M.; Rommers, N.; Rössler, R. The 11+ kids warm-up programme to prevent injuries in

young iranian male high-level football (soccer) players: A cluster-randomised controlled trial. J. Sci. Med. Sport 2020, 23, 469–474.

[CrossRef] [PubMed]

23. Bourne, M.N.; Williams, M.D.; Opar, D.A.; Al Najjar, A.; Kerr, G.K.; Shield, A.J. Impact of exercise selection on hamstring muscle

activation. Br. J. Sports Med. 2017, 51, 1021–1028. [CrossRef] [PubMed]

24. Chang, J.S.; Kayani, B.; Plastow, R.; Singh, S.; Magan, A.; Haddad, F.S. Management of hamstring injuries: Current concepts

review. Bone Joint J. 2020, 102-b, 1281–1288. [CrossRef] [PubMed]

25. Hamstring strain injury in athletes: A summary of clinical practice guideline recommendations: Using the evidence to guide

physical therapist practice. J. Orthop. Sport. Phys. Ther. 2022, 52, 127–128. [CrossRef]

26. Freckleton, G.; Pizzari, T. Risk factors for hamstring muscle strain injury in sport: A systematic review and meta-analysis. Br. J.

Sports Med. 2013, 47, 351–358. [CrossRef]

27. Silvers-Granelli, H.; Mandelbaum, B.; Adeniji, O.; Insler, S.; Bizzini, M.; Pohlig, R.; Junge, A.; Snyder-Mackler, L.; Dvorak, J.

Efficacy of the FIFA 11+ injury prevention program in the collegiate male soccer player. Am. J. Sports Med. 2015, 43, 2628–2637.

[CrossRef]

28. Al Attar, W.S.A.; Soomro, N.; Pappas, E.; Sinclair, P.J.; Sanders, R.H. How effective are F-MARC injury prevention programs for

soccer players? A systematic review and meta-analysis. Sports Med. 2016, 46, 205–217. [CrossRef]

29. Almeida, M.O.; Maher, C.G.; Saragiotto, B.T. Prevention programmes including Nordic exercises to prevent hamstring injuries in

football players (pedro synthesis). Br. J. Sports Med. 2018, 52, 877–878. [CrossRef]

30. Hilska, M.; Leppaenen, M.; Vasankari, T.; Aaltonen, S.; Kannus, P.; Parkkari, J.; Steffen, K.; Kujala, U.M.; Konttinen, N.;

Raeisaenen, A.M.; et al. Neuromuscular training warm-up prevents acute noncontact lower extremity injuries in children’s soccer:

A cluster randomized controlled trial. Orthop. J. Sports Med. 2021, 9, 23259671211005769. [CrossRef]

31. Hilska, M.; Leppänen, M.; Vasankari, T.; Aaltonen, S.; Raitanen, J.; Räisänen, A.M.; Steffen, K.; Forsman, H.; Konttinen,

N.; Kujala, U.M.; et al. Adherence to an injury prevention warm-up program in children’s soccer—a secondary analysis of a

randomized controlled trial. Int. J. Environ. Res. Public Health 2021, 18, 13134. [CrossRef] [PubMed]

32. van Dyk, N.; Behan, F.P.; Whiteley, R. Including the nordic hamstring exercise in injury prevention programmes halves the rate of

hamstring injuries: A systematic review and meta-analysis of 8459 athletes. Br. J. Sports Med. 2019, 53, 1362–1370. [CrossRef]

[PubMed]

33. Gomes Neto, M.; Conceicao, C.S.; de Lima Brasileiro, A.J.A.; de Sousa, C.S.; Carvalho, V.O.; de Jesus, F.L.A. Effects of the FIFA 11

training program on injury prevention and performance in football players: A systematic review and meta-analysis. Clin. Rehabil.

2017, 31, 651–659. [CrossRef] [PubMed]

34. Thorborg, K.; Krommes, K.K.; Esteve, E.; Clausen, M.B.; Bartels, E.M.; Rathleff, M.S. Effect of specific exercise-based football

injury prevention programmes on the overall injury rate in football: A systematic review and meta-analysis of the FIFA 11 and

11+programmes. Br. J. Sports Med. 2017, 51, 562–571. [CrossRef] [PubMed]

http://doi.org/10.1136/ip.9.2.117
http://doi.org/10.4085/1062-6050-0707.20
http://doi.org/10.2165/00007256-199724030-00003
http://www.ncbi.nlm.nih.gov/pubmed/9327530
http://doi.org/10.1186/s13102-017-0083-z
http://www.ncbi.nlm.nih.gov/pubmed/29209504
http://doi.org/10.1007/s40279-014-0234-2
http://www.ncbi.nlm.nih.gov/pubmed/25129698
http://doi.org/10.2106/JBJS.15.00933
http://www.ncbi.nlm.nih.gov/pubmed/27605687
http://doi.org/10.1007/s40279-017-0839-3
http://www.ncbi.nlm.nih.gov/pubmed/29299879
http://doi.org/10.1136/bjsports-2015-094765
http://doi.org/10.5535/arm.2019.43.4.465
http://doi.org/10.1371/journal.pone.0251839
http://doi.org/10.1007/s00167-017-4758-5
http://doi.org/10.2519/jospt.2022.10959
http://www.ncbi.nlm.nih.gov/pubmed/34972488
http://doi.org/10.1016/j.jsams.2019.12.001
http://www.ncbi.nlm.nih.gov/pubmed/31859034
http://doi.org/10.1136/bjsports-2015-095739
http://www.ncbi.nlm.nih.gov/pubmed/27467123
http://doi.org/10.1302/0301-620X.102B10.BJJ-2020-1210.R1
http://www.ncbi.nlm.nih.gov/pubmed/32993323
http://doi.org/10.2519/jospt.2022.0501
http://doi.org/10.1136/bjsports-2011-090664
http://doi.org/10.1177/0363546515602009
http://doi.org/10.1007/s40279-015-0404-x
http://doi.org/10.1136/bjsports-2017-098862
http://doi.org/10.1177/23259671211005769
http://doi.org/10.3390/ijerph182413134
http://www.ncbi.nlm.nih.gov/pubmed/34948744
http://doi.org/10.1136/bjsports-2018-100045
http://www.ncbi.nlm.nih.gov/pubmed/30808663
http://doi.org/10.1177/0269215516675906
http://www.ncbi.nlm.nih.gov/pubmed/27811329
http://doi.org/10.1136/bjsports-2016-097066
http://www.ncbi.nlm.nih.gov/pubmed/28087568


Int. J. Environ. Res. Public Health 2023, 20, 2057 14 of 15

35. Biz, C.; Nicoletti, P.; Baldin, G.; Bragazzi, N.L.; Crimì, A.; Ruggieri, P. Hamstring strain injury (hsi) prevention in professional

and semi-professional football teams: A systematic review and meta-analysis. Int. J. Environ. Res. Public Health 2021, 18, 8272.

[CrossRef]

36. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;

Brennan, S.E.; et al. The prisma 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71.

[CrossRef]

37. Higgins, J.P.; Altman, D.G.; Gøtzsche, P.C.; Jüni, P.; Moher, D.; Oxman, A.D.; Savovic, J.; Schulz, K.F.; Weeks, L.; Sterne, J.A. The

cochrane collaboration’s tool for assessing risk of bias in randomised trials. BMJ 2011, 343, d5928. [CrossRef]

38. Atkins, D.; Best, D.; Briss, P.A.; Eccles, M.; Falck-Ytter, Y.; Flottorp, S.; Guyatt, G.H.; Harbour, R.T.; Haugh, M.C.; Henry, D.; et al.

Grading quality of evidence and strength of recommendations. BMJ 2004, 328, 1490. [CrossRef]

39. Soligard, T.; Myklebust, G.; Steffen, K.; Holme, I.; Silvers, H.; Bizzini, M.; Junge, A.; Dvorak, J.; Bahr, R.; Andersen, T.E.

Comprehensive warm-up programme to prevent injuries in young female footballers: Cluster randomised controlled trial. BMJ

2008, 337, a2469. [CrossRef]

40. Slauterbeck, J.R.; Choquette, R.; Tourville, T.W.; Krug, M.; Mandelbaum, B.R.; Vacek, P.; Beynnon, B.D. Implementation of the

FIFA 11+ injury prevention program by high school athletic teams did not reduce lower extremity injuries: A cluster randomized

controlled trial. Am. J. Sports Med. 2019, 47, 2844–2852. [CrossRef]

41. Al Attar, W.S.A.; Bizzini, M.; Alkabkabi, F.; Alshamrani, N.; Alarifi, S.; Alzahrani, H.; Ghulam, H.; Aljedaani, E.; Sanders, R.H.

Effectiveness of the FIFA 11+ referees injury prevention program in reducing injury rates in male amateur soccer referees. Scand.

J. Med. Sci. Sports 2021, 31, 1774–1781. [CrossRef] [PubMed]

42. Steffen, K.; Myklebust, G.; Olsen, O.E.; Holme, I.; Bahr, R. Preventing injuries in female youth football–a cluster-randomized

controlled trial. Scand. J. Med. Sci. Sports 2008, 18, 605–614. [CrossRef]

43. Hammes, D.; Fuenten, K.A.D.; Kaiser, S.; Frisen, E.; Bizzini, M.; Meyer, T. Injury prevention in male veteran football players - a

randomised controlled trial using “FIFA 11+”. J Sports Sci. 2015, 33, 873–881. [CrossRef] [PubMed]

44. Lopes, M.; Simões, D.; Costa, R.; Oliveira, J.; Ribeiro, F. Effects of the FIFA 11+ on injury prevention in amateur futsal players.

Scand. J. Med. Sci. Sports 2020, 30, 1434–1441. [CrossRef] [PubMed]

45. Olsen, O.E.; Myklebust, G.; Engebretsen, L.; Holme, I.; Bahr, R. Exercises to prevent lower limb injuries in youth sports: Cluster

randomised controlled trial. BMJ 2005, 330, 449–452. [CrossRef]

46. Van Beijsterveldt, A.M.C.; Krist, M.R.; Van De Port, I.G.L.; Backx, F.J.G. Effectiveness of an injury prevention program in dutch

male amateur soccer. Physiotherapy 2011, 97, eS1277. [CrossRef]

47. Longo, U.G.; Loppini, M.; Berton, A.; Marinozzi, A.; Maffulli, N.; Denaro, V. The FIFA 11+ program for the prevention of injuries

in basketball: A cluster randomized controlled trial. J. Orthop. Traumatol. 2012, 13, S6–S7. [CrossRef]

48. Petersen, J.; Thorborg, K.; Nielsen, M.B.; Budtz-Jorgensen, E.; Holmich, P. Preventive effect of eccentric training on acute hamstring

injuries in men’s soccer: A cluster-randomized controlled trial. Am. J. Sports Med. 2011, 39, 2296–2303. [CrossRef]

49. Gabbe, B.J.; Branson, R.; Bennell, K.L. A pilot randomised controlled trial of eccentric exercise to prevent hamstring injuries in

community-level australian football. J. Sci. Med. Sport 2006, 9, 103–109. [CrossRef]

50. van der Horst, N.; Smits, D.-W.; Petersen, J.; Goedhart, E.A.; Backx, F.J.G. The preventive effect of the Nordic hamstring exercise

on hamstring injuries in amateur soccer players: A randomized controlled trial. Am. J. Sports Med. 2015, 43, 1316–1323. [CrossRef]

51. del Ama Espinosa, G.; Pöyhönen, T.; Aramendi, J.F.; Samaniego, J.C.; Emparanza Knörr, J.I.; Kyröläinen, H. Effects of an eccentric

training programme on hamstring strain injuries in women football players. Biomed. Hum. Kinet. 2015, 7. [CrossRef]

52. Askling, C.M.; Tengvar, M.; Thorstensson, A. Acute hamstring injuries in swedish elite football: A prospective randomised

controlled clinical trial comparing two rehabilitation protocols. Br. J. Sports Med. 2013, 47. [CrossRef] [PubMed]

53. Sebelien, C. Effects of implementing Nordic hamstring exercises for semi-professional soccer players in norway. Phys. Ther. 2014,

26, 90–97.

54. Saleh A Al Attar, W.; Faude, O.; Husain, M.A.; Soomro, N.; Sanders, R.H. Combining the copenhagen adduction exercise and

Nordic hamstring exercise improves dynamic balance among male athletes: A randomized controlled trial. Sports Health 2021, 13,

580–587. [CrossRef]

55. Grooms, D.R.; Palmer, T.; Onate, J.A.; Myer, G.D.; Grindstaff, T. Soccer-specific warm-up and lower extremity injury rates in

collegiate male soccer players. J. Athl. Train. 2013, 48, 782–789. [CrossRef] [PubMed]

56. Silvers-Granelli, H.J.; Bizzini, M.; Arundale, A.; Mandelbaum, B.R.; Snyder-Mackler, L. Does the FIFA 11+injury prevention

program reduce the incidence of acl injury in male soccer players? Clin. Orthop. Relat. Res. 2017, 475, 2447–2455. [CrossRef]

[PubMed]

57. Gilchrist, J.; Mandelbaum, B.R.; Melancon, H.; Ryan, G.W.; Silvers, H.J.; Griffin, L.Y.; Watanabe, D.S.; Dick, R.W.; Dvorak, J. A

randomized controlled trial to prevent noncontact anterior cruciate ligament injury in female collegiate soccer players. Am. J.

Sports Med. 2008, 36, 1476–1483. [CrossRef]

58. Steffen, K.; Emery, C.A.; Romiti, M.; Kang, J.; Bizzini, M.; Dvorak, J.; Finch, C.F.; Meeuwisse, W.H. High adherence to a

neuromuscular injury prevention programme (FIFA 11+) improves functional balance and reduces injury risk in canadian youth

female football players: A cluster randomised trial. Br. J. Sports Med. 2013, 47, 794–802. [CrossRef]

http://doi.org/10.3390/ijerph18168272
http://doi.org/10.1136/bmj.n71
http://doi.org/10.1136/bmj.d5928
http://doi.org/10.1136/bmj.328.7454.1490
http://doi.org/10.1136/bmj.a2469
http://doi.org/10.1177/0363546519873270
http://doi.org/10.1111/sms.13983
http://www.ncbi.nlm.nih.gov/pubmed/33914964
http://doi.org/10.1111/j.1600-0838.2007.00703.x
http://doi.org/10.1080/02640414.2014.975736
http://www.ncbi.nlm.nih.gov/pubmed/25370591
http://doi.org/10.1111/sms.13677
http://www.ncbi.nlm.nih.gov/pubmed/32279363
http://doi.org/10.1136/bmj.38330.632801.8F
http://doi.org/10.1136/bjsm.2011.084038.60
http://doi.org/10.1007/s10195-012-0208-9
http://doi.org/10.1177/0363546511419277
http://doi.org/10.1016/j.jsams.2006.02.001
http://doi.org/10.1177/0363546515574057
http://doi.org/10.1515/bhk-2015-0019
http://doi.org/10.1136/bjsports-2013-092165
http://www.ncbi.nlm.nih.gov/pubmed/23536466
http://doi.org/10.1177/1941738121993479
http://doi.org/10.4085/1062-6050-48.4.08
http://www.ncbi.nlm.nih.gov/pubmed/23848519
http://doi.org/10.1007/s11999-017-5342-5
http://www.ncbi.nlm.nih.gov/pubmed/28389864
http://doi.org/10.1177/0363546508318188
http://doi.org/10.1136/bjsports-2012-091886


Int. J. Environ. Res. Public Health 2023, 20, 2057 15 of 15

59. Crossley, K.M.; Patterson, B.E.; Culvenor, A.G.; Bruder, A.M.; Mosler, A.B.; Mentiplay, B.F. Making football safer for women: A

systematic review and meta-analysis of injury prevention programmes in 11 773 female football (soccer) players. Br. J. Sports Med.

2020, 54, 1089–1098. [CrossRef]

60. Whalan, M.; Lovell, R.; Steele, J.R.; Sampson, J.A. Rescheduling part 2 of the 11+ reduces injury burden and increases compliance

in semi-professional football. Scand. J. Med. Sci Sports. 2019, 29, 1941–1951. [CrossRef]

61. Sayers, C.A.; Sayers, B.E.J.S.; Journal, C. The Nordic eccentric hamstring exercise for injury prevention in soccer players. Strength.

Cond. J. 2008, 30, 56–58. [CrossRef]

62. Milanese, S.; Eston, R. Hamstring injuries and australian rules football: Over-reliance on Nordic hamstring exercises as a

preventive measure? Open Access J. Sports Med. 2019, 10, 99–105. [CrossRef] [PubMed]

63. Cuchna, J.W.; Welsch, L.A.; Meier, T.; Regelski, C.L.; Lunen, B. The effectiveness of Nordic hamstring exercises in reducing

hamstring injuries in competitive soccer players: A critically appraised topic. Int. J. Athl. Ther. Train. 2017, 22, 12–17. [CrossRef]

64. Brughelli, M.; Mendiguchia, J.; Nosaka, K.; Idoate, F.; Arcos, A.L.; Cronin, J. Effects of eccentric exercise on optimum length of

the knee flexors and extensors during the preseason in professional soccer players. Phys. Ther. Sport 2010, 11, 50–55. [CrossRef]

[PubMed]

65. Cuthbert, M.; Ripley, N.; McMahon, J.J.; Evans, M.; Haff, G.G.; Comfort, P. The effect of Nordic hamstring exercise intervention

volume on eccentric strength and muscle architecture adaptations: A systematic review and meta-analyses. Sports Med. 2020, 50,

83–99. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1136/bjsports-2019-101587
http://doi.org/10.1111/sms.13532
http://doi.org/10.1519/SSC.0b013e31817f985d8
http://doi.org/10.2147/OAJSM.S212008
http://www.ncbi.nlm.nih.gov/pubmed/31413646
http://doi.org/10.1123/ijatt.2015-0103
http://doi.org/10.1016/j.ptsp.2009.12.002
http://www.ncbi.nlm.nih.gov/pubmed/20381001
http://doi.org/10.1007/s40279-019-01178-7
http://www.ncbi.nlm.nih.gov/pubmed/31502142

	Introduction 
	Materials and Methods 
	Eligibility Criteria 
	Inclusion Criteria 
	Exclusion Criteria 

	Information Sources 
	Search Strategy 
	Selection Process 
	Data Collection Process 
	Data Items 
	Study Risk of Bias Assessment 
	Effect Measures 
	Synthesis Methods 
	Publication Bias 
	Assessment of Certainty of Evidence 

	Results 
	Study Selection 
	Study Characteristics 
	Risk of Bias in Studies 
	Publication Bias Results 
	Effect of Hamstring Eccentric Exercise on Preventing Lower Extremity Injuries 
	Overall Effect Test 
	Injury in Different Body Regions 
	Results of Subgroup Analysis (Table 1) 


	Discussion 
	Conclusions 
	References

