
INTRODUCTION

Hamstring strain injury is the most common noncon-

tact muscle injury for soccer players, representing two-
thirds of thigh muscle strains [1]. Hamstring strain injury 
and recurrence rate were high in the past three decades. 
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Objective  To investigate the effect of adding Nordic exercise as post-training in decreasing hamstring initial, 
recurrent injuries rates, and their severity.
Methods  In this randomly controlled trial study, 34 professional football players aged 21 to 35 years were 
randomly assigned into two groups (17 players each) from Sporting clubs at Alexandria, Egypt. For group one, 
Nordic hamstring exercise (NHE) was performed pre-training and post-training. For group two, NHE was only 
performed pre-training. The control group was the same team during the previous season. Length of the trial was 
12 weeks. The Australian football association injury form was used to collect incidence of injuries for each subject 
in both groups.
Results  Pooled results based on total injuries showed that group one had significantly less hamstring initial 
injuries (92% less) than the previous season, while group two had 80% less initial injuries and 85% less recurrent 
injuries than previous season. Regarding the severity of injuries in term of mean number of absent days, it was 1 
day for group one and 2.7 days for group two while it was 7.95 days for the previous season during total risk time of 
116.3±13.2 and 117.6±5.7 exposure hours for group one and group two, respectively.
Conclusion  The use of NHE as a prevention protocol was effective in reducing all hamstring injuries with the use 
of NHE during pre-training and post-training having the greatest effect.
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They occur mainly before the end of each half game when 
fatigue plays a role [2]. Hamstring strain injury could lead 
to inability to play for cup up to 90 days [3]. This, it can 
have a great impact on players and the team [4]. Nordic 
hamstring exercise (NHE) is an eccentric strengthening 
exercise. It is one of the most important components of 
the FIFA 11+ (Fédération Internationale de Football As-
sociation) exercise program. It has been proven that NHE 
can decrease hamstring injuries by 51% among soccer 
players per 1,000 hours of exposure [5]. Such effect of 
NHE could due to increased muscle activation and a shift 
in optimum torque production towards longer lengths, 
leading to ‘injury-protective’ effect of NHE. Induced 
muscle damage can lead to sarcomerogenesis (increased 
muscle fiber length), allowing it to stretch further. Only 
one NHE training session can cause immediate shift 
(7.7°) in optimum knee flexion torque. Such effect can be 
sustained at 10 days after NHE [6]. NHE for 10 weeks can 
lead to 20.8% fascicle length increase [7].

The percentage of injury prevention risk varies, mean-
ing the level of effectiveness is not the same. After apply-
ing FIFA 11+ prevention program, 20%–50% reduction 
in injury risk has been reported [8]. High compliance 
to FIFA 11+ prevention program has led to significant 
decreased in injury risk (by 57%) [9]. The percentage of 
hamstring injury prevention after performing NHE dur-
ing pre-training also varied between studies, including 
65%–70% [10], 57%–72% [1], and 51% [11]. The elite Eu-
ropean soccer premier league has reported a poor effect 
with NHE, with only 11% of hamstring injury prevention 
rate in randomized controlled trials [12]. 

Recently, adding post-training to pre-training FIFA 11+ 
prevention program as a cooling down program to the 
normal pre-training FIFA 11+ as a warming up program 
has been found to be able to decrease injury risk by 82% 
for all lower limb injuries with only 85% of compliance 
rate to the program [11]. In 2017, it was recommended 
that future research including medical staff was needed 
to conduct more effective studies on injury prevention 
with a high compliance rate [5]. Since adding post-train-
ing to FIFA 11+ prevention program was effective [11], it 
was found that only post-training Nordics (completed in 
a fatigued state) could also result in increase of fascicle 
angle of pennation (an increase of 2.14°) and fascicle 
muscle length (an increase of 0.2 cm) after 12 weeks of 
training [1]. However, adding NHE as a post-training ex-

ercise program besides the normal pre-training one has 
not been reported yet. To fill such gap in the literature, 
the main aim of this study was to determine the effect of 
pre-training and post-training NHE in decreasing ham-
string injury rates and severity.

MATERIALS AND METHODS

The study design was a randomized controlled trial 
conducted in the summer football season in 2018. From 
five total football teams in Alexandria, Egypt, Sporting 
club was randomly chosen by simple randomization. 
Thirty-four male active professional football players who 
were normal and healthy were enrolled for this study 
(Fig. 1). Inclusion criteria were as follows: (1) male play-
ers with normal healthy conditions; (2) aged between 21 
and 35 years with weight range of 60–86 kg, height range 
of 1.65–1.95 m, and body mass index range of 22–22.9 kg/m2; 
(3) being an active player; and (4) free of any hamstring 
injury at least for 6 months before applying the proto-
col. A power analysis was performed to confirm that the 
sample size was adequate. At 95% confidence interval 

Assessed for eligibility

(n=5, male football teams)

Randomized

Sporting 1st team

(n=35, players)

After inclusion and

exclusion

(n=34)

Intervention group

(n=17)

Control group

(n=17)

Enrollment

Excluded

n=2

rest n=15

Excluded because

of injury

n=0

rest n=17

n=0

The entire group remained

under supervision

n=0

The entire group remained

under supervision

Lost in follow-up

Fig. 1. Flowchart of this study.
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(CI), the sample size was calculated to be 34 subjects 
with the power of the study of 80.0%. Before enrollment 
in this study, each player signed an informed consent 
according to our Faculty Ethical Committee. This study 
was registered in Pan African Control Trial (Approval ID: 
PACTR201810754318796). 

Players were excluded if they participated in a team 
after the start of the trial or any previous lower extrem-
ity injury that required medical attention in the past 6 
months. Players with any systemic disease, cardiovascu-
lar disease, neurological disorders, or any surgery in the 
previous year were also excluded from this study.

Players were randomly assigned to two equal groups 
using opaque sealed envelopes. Group one included 17 
players who performed NHE both during pre-training 
and post-training. Group two included 17 players who 
performed NHE only during pre-training. Both groups 
performed traditional warming up and cooling down 
protocols. Hamstring injury rate of the team was record-
ed using football (soccer) injury form. Results were com-
pared to data of the club of the previous season (control 
group) after 3 months (full protocol). Injury incidence 
rate and injury risk ratio (IRR) were calculated for each 
group. 

Treatment procedures
The protocol duration was 12 weeks. NHE was perform-

ed twice per week except for the first week which was 
performed once. The pre-training NHE protocol (Table 1) 
followed that of Lovell et al. [1]. The post-training NHE 

protocol is shown in Table 2.

Nordic hamstring exercise
Player started in a kneeling position with the torso from 

knees held upward, rigid, and straight. The therapist 
ensured that the player’s feet were in contact with the 
ground throughout the exercise by sitting in her both 
knees and applying pressure to the player’s heels/lower 
legs as shown in Fig. 2. Instruction was given to the player 
to lower his upper body to the ground as slowly as pos-
sible to maximize loading in the eccentric phase. Hands 
and arms were used to break his forward fall and to push 
him back up after his chest had touched the ground to 
minimize loading in the concentric phase as shown in 
Fig. 3.

Warming up and cooling down 
The traditional warming up Brazilian exercises [13] for 

20 minutes in the form of high knee jumps, arm swings, 
faster high knees, side stepping, upper body rotations, 
run pace, and counter jumps were performed by all par-
ticipants enrolled in this study. The normal cooling down 
was done by cold water immersion for 10 minutes [14]. 
Low-intensity aerobic running was chosen as mode of 
active recovery from the exercise [15].

Outcome measures
The primary outcome of this study was hamstring inju-

ry incidence as initial and recurrent injuries. Injury inci-
dence was reported in absolute numbers as well as injury 

Table 1. Nordic hamstring exercise during pre-training

Week
Session  

frequency
Sets Repetitions

Weekly 
volume

1 1 2 5 10

2 2 3 5 30

3 2 3 6 36

4 2 4 6 48

5 2 4 7 56

6 2 4 7 56

7 2 4 8 64

8 2 4 8 64

9 2 4 9 72

10 2 4 9 72

11 2 4 10 80

12 2 4 12 96

Table 2. Nordic hamstring exercise during post-training 

Week
Session  

frequency
Sets Repetitions

Weekly 
volume

1 1 1 2 5

2 2 1 2 10

3 2 1 3 12

4 2 2 3 24

5 2 2 3 28

6 2 2 3 28

7 2 2 4 32

8 2 2 4 32

9 2 2 4 36

10 2 2 5 36

11 2 2 5 40

12 2 2 6 48
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incidence rate (number of injuries per 1,000 player hours 
in matches and training). Secondary outcomes were 
injury severity and compliance in both groups. Injury 
severity was defined as the number of days lost from the 
injury date till full return to training and being available 
for match selection: It included slight (0 days), minimal 
(1–3 days), mild (4–7 days), moderate (8–28 days), severe 
(>28 days), and career ending levels. Compliance was 
calculated according to players’ rate of participation.

Data analysis
Data were analyzed using IBM SPSS software pack-

age version 20.0 (IBM, Armonk, NY, USA). Qualitative 
data were described using number and percentage. Chi-
square test was used to compare different groups regard-
ing categorical variables to assess the effect of interven-
tion on injury incidence and injury severity. Quantitative 
data were described using mean and standard deviation 
for normally distributed data. For normally distributed 
data, comparison between two independent populations 
was done using independent t-test while more than two 
populations were analyzed using F-test (ANOVA). Signifi-
cance test results were quoted as two-tailed probabilities. 
Significance of obtained results was judged at 5% level. 

Hamstring injury incidence was counted from data 
collected using the Australian football (soccer) associa-
tion injury form. Injury incidence rate was calculated by 
dividing the number of incident injuries by the total time 

at risk and multiplied by 1,000 as this could accommo-
date variations in exposure time of individual athletes as 
shown in the following equation: 

Injury incidence rate=
Number of incidence injuries

×1,000,
Total time at risk

while IRR, a new standard for analyzing the efficacy of 
injury prevention programs [8], was calculated using the 
following equation [5].

IRR =
Injury incidence in intervention group one

Injury incidence in intervention group two .

An IRR<1 indicates a positive intervention effect. For 
example, an IRR of 0.30 represents a 70% reduction. In-
dividual injury rates and IRR along with CI were deter-
mined. Compliance with the intervention protocol was 
calculated based on information provided on player’s ad-
herence to the program for both groups (groups one and 
two). As the protocol had 50 sessions for group one and 
25 sessions for group two, compliance was calculated as 
[10,16]:

Compliance (%) for group one=
Amount of NHE sessions performed

×100,
50

Compliance (%) for group two=
Amount of NHE sessions performed

×100.
25

Fig. 2. Illustrating therapist and patient’s starting position 
during Nordic hamstring exercise.

Fig. 3. Illustrating ending position of the Nordic ham-
string exercise.
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RESULTS

Thirty-four professional male football players with 
mean age of 24.3±3.8 years old were assigned into the two 
groups (17 players each). All of them completed the des-
ignated full protocol except two players due to injuries 
causing absence for more than a week. Baseline charac-
teristics of these players including age, weight, height, 
body mass index, and leg dominance were collected and 
analyzed with t-test and chi-square test, showing no sig-
nificant difference between the two groups (all p>0.05), 
meaning that they were homogenous groups as shown in 
Table 3.

Exposure time
During the 12 weeks of program, players of both groups 

had average exposure time to training sessions and play-
ing matches. Group one had an average exposure time of 
116.3±13.2 hours and group two had an average exposure 
time of 117.6±5.7 hours. By t-test, there was no significant 
(p>0.05) difference in average exposure time between the 
two groups at 95% CI (0.65–3.2).

Effects of NHE on whole injury incidence, initial injury, 
injury recurrence, and injury severity are summarized 
in Table 4. When compared to results of the whole past 
team regarding initial injuries, recurrent injuries, and 
severity of injuries using chi-square test, initial injuries 
between the two intervention groups and the control 
group (previous season) at χ2=8.25 and 95% CI (0.21–0.74) 
revealed that 35.1% were injured which was highly sig-
nificant (p<0.05). In the control group, 18.9% suffered 
recurrent hamstring injuries. The percentage of recurrent 
injuries was significantly higher than in the two interven-
tional groups: 18.9% were injured at χ2=6.58 with 95% CI 
(0.012–0.651) and at ANOVA test (F=12.65) with 95% CI 
(0.104–0.92). Regarding the severity of previous team’s in-
jures, the number of absent days ranged 5–10 days, with 
a mean of 7.95 days. This was significantly higher than 
the severity of injury in the two interventional groups 
(p=0.001). 

Table 4. Comparing the effect of NHE on whole injury incidence, initial injury, injury recurrence, and injury severity 
among the three groups of this study

Intervention group one Intervention group two
Control group

(previous season)
NHE Pre- and post-training  

NHE (50 total sessions)
Pre-training NHE only  

(25 total sessions)
No NHE

Total risk timea  
(exposure hour)

116.3±13.2 117.6±5.7 117±5.5

Reported initial  
hamstring injuries 

1 injury (5.9%) out of 17 
players

3 injuries (17.6%) out of  
17 players

13 injuries (35.1%)  
out of 35 players

Reported recurrent  
hamstring injuries

None 1 injury (5.9%) out of  
17 players

7 injuries (18.9%)  
out of 35 players

Total injuries 1 (5.9%) 4 (23.5%) 20 (62.5%)

Severity of injury 1 day 2–3 days 5–10 days

Prevention percentage 
resulted

92.3 77 0

70 (the whole program) -

NHE, Nordic hamstring exercise.
aTotal training and playing time.

Table 3. Demographic data of subjects in the two inter-
ventions groups

Item
Intervention 

group one
Intervention 

group two
p-value

Age (yr) 24.2±3.2 24.5±4.4 0.412

BMI (kg/m2) 22.4±0.4 22.5±0.2 0.251

Height (m) 1.80±0.10 1.90±0.11 0.093

Weight (kg) 74.6±7.2 77.8±6.0 0.083

Leg dominance

   Right 16 (94.1) 15 (88.2) 0.744

   Left 1 (5.9) 2 (11.8)

Values are presented as mean±standard deviation or 
number (%).
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Compliance to protocol
Only two players were excluded from the intervention 

group due to injury leading to absence more than a week. 
All other players full completed the whole program (50 
sessions for intervention group one and 25 sessions for 
intervention group two). The compliance percentage was 
the highest among studies in the same area of research. 
It was calculated based on information provided by the 
researcher. It was 100% for intervention group two, 98.7% 
for intervention group one with a total compliance rate 
of 99.3%, which was the highest compliance rate that was 
ever achieved.

IRR
Using the following equations [5]:

Injury incidence rate=
Number of incidence injuries

×1,000,
Total time at risk

IRR =
Injury incidence in intervention group one

Injury incidence in intervention group two ,

the two studied groups resulted in totally injury preven-
tion percentage of 70% than the previous season. With 
only intervention group one, it showed an injury pre-
vention rate of 92.3%. Also, there was a 85% decrease in 
recurrence rates with intervention group two compared 
to previous season and a 100% prevention rate with inter-
vention group one.

DISCUSSION

This randomized control trial was conducted to in-
vestigate a highly effective eccentric hamstring strength 
training in the form of Nordic hamstring exercise during 
both pre-training and post-training or pre-training only 
to reduce incidence rates of hamstring initial injuries and 
recurrent injuries and their severity for professional male 
soccer players and compare it to the previous season 
when NHE was not applied in any prevention program. 
Until 2018, hamstring injuries were still considered as 
number 1 muscle injury in football. These injuries were 
increasing in the last decade with high recurrences, in-
creasing personal suffering for players despite all preven-
tive measures were applied with increased knowledge 
about this muscle injury [17].

The Arabic questionnaire survey for implementa-
tion strategies of injury prevention programs was used 
to detect the adoption of Egyptian coach to prevention 
protocols in the previous season which was considered 
a limitation of this study [2]. The study was controlled as 
much as possible for baseline characteristics of players 
including age, weight, height, body mass index, and leg 
dominance. By applying t-test and chi-square test, there 
was no significant difference between the two groups 
(p>0.05), meaning that they were homogenous groups. 
Also, the average exposure time to training sessions and 
playing matches of the players of the two studied groups 
was 116.3±13.2 hours total for the intervention group one 
and 117.6±5.7 hours total for the intervention group two. 
By applying t-test, there was no significant difference 
(p>0.05) between the two groups at 95% CI (0.65–3.2). 
Such similarity in exposure time provides information 
that it is not a contributing factor to incidence of injuries.

With these limitations, results of this study revealed 
that the there was a significant increase in whole injury 
in intervention group two than that in intervention group 
one. The intervention group one had only 1 (5.9%) injury 
while the intervention group two had 4 (23.5%) injuries 
(p<0.05). However, there was no significant difference in 
hamstring muscle initial injury at the end of the interven-
tion protocol between the two groups (p=0.287).

These results were in agreement with a recent study 
published in 2018 [18], showing that NHE was very effec-
tive even with the shortest protocol done. However, in the 
present study, the intervention protocol’s duration was 
12 weeks reported to be a sufficient duration for muscular 
adaptation to prevent hamstring injuries [5]. This result 
could be because intervention group one had higher ec-
centric strength by performing Nordic hamstring during 
both pre-training and post-training, meaning they were 
able to withstand the high lengthening force on muscle 
fibers as it developed tension and contracts to control the 
movement performed at late swing and pre-stance phas-
es known to be the highest injury exposure phases [19]. 

Results of the current study were in line with those of 
another study reporting that fascicle muscle length and 
fascicle angle of pennation were increased about 0.2 cm 
and 2.14°, respectively, after applying NHE during post-
training rather than applying it during pre-training [1]. 
Their increases are very critical in sprinters and soccer 
players to decrease injury rates [20]. Furthermore, these 
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results were in agreement with a previous [17] show-
ing that pre-training only was insufficient for hamstring 
muscle injuries prevention.

For initial and recurrent injury comparison, chi-square 
test revealed that there was no statistically significant 
difference between the two groups. When comparing 
initial and recurrent injuries of the two NHE groups 
with the team in the previous season, results revealed 
significant difference. For the team in the previous sea-
son, 35.1% had initial injuries and 18.9% had recurrent 
injuries. These were significantly higher those in the two 
NHE groups (intervention groups one and two). There 
was also a significant increase in the severity of injury in 
the team during the previous season than the two NHE 
groups (p<0.01). The number of days absent for the pre-
vious team ranged 5–10 days, with a mean of 7.95 days. 
However, it was 1 day for intervention group one and 2.7 
days for intervention group two. This result was in agree-
ment with Lovell et al. [1] reporting that muscle thickness 
and fascicle angle of pennation increased more when 
NHE was applied during post-training rather than during 
pre-training. This may also illustrate the no recurrence of 
hamstring injury in the intervention group one compared 
to previous team which had 7 recurrent hamstring inju-
ries more than once.

The two studied groups resulted in totally injury pre-
vention percentage of 70% than the previous season and 
92.3% prevention compared to only intervention group 
one. Also, there was a 85% decrease in recurrence rates 
with intervention group two compared to the previous 
season and 100% prevention with intervention group 
one. These results were higher than all previous studies 
applied in that area of research. Results were calculated 
using [5,11]:

Injury incidence rate=
Number of incidence injuries

×1,000,
Total time at risk

IRR =
Injury incidence in intervention group one

Injury incidence in intervention group two .

 In 2015, van der horst et al. [10] performed a study and 
found a total of 38 hamstring injuries were affecting 36 
(6.2%) of 579 players. The risk for hamstring injuries was 
significantly (p=0.005) reduced in the intervention group 
compared to that in the control group. However, injury 

severity was not significantly different between the inter-
vention group and the control group. Compliance rate 
with the intervention protocol was 91%. However, they 
performed NHE during pre-training only [10]. In 2018, 
van der Horst [17] found that pre-training only was not 
enough to prevent injury.

Compliance or adherence to the applied protocol has 
been mentioned as a very important factor affecting re-
sults obtained and effectiveness of the protocol [9,11]. 
The efficacy of pre- and post-training FIFA 11+ injury pre-
vention program was related to the degree of compliance. 
The greater the compliance, the greater the reduction in 
injuries [2,11]. In the present study, only two players were 
excluded from the intervention group due to injury re-
sulting in absence for more than a week. All other players 
fully completed the whole program (50 sessions for inter-
vention group one and 25 sessions for intervention group 
two). Compliance rate was calculated based on informa-
tion provided by the researcher. Finally, it was found to 
be 100% for intervention group two, 98.7% for interven-
tion group one, with total compliance rate of 99.3%. This 
was the highest compliance rate ever achieved among all 
studies conducted in this area of research.

According to these results, a similar study should be 
conducted with a large number of football teams to pro-
vide a wide representation of data. Other studies should 
also be performed with different professional levels to 
provide more evidence for exercise effectiveness in dif-
ferent levels. Studies on female football team are also 
needed using objective tools for assessing injury and 
measuring peak muscle torque. In addition, the relation-
ship between hamstring injuries and other lower limb 
injuries merits further study.

In conclusion, the use of NHE as a prevention protocol 
for professional soccer players was successful in reduc-
ing the number of both initial and recurrent hamstring 
muscle injuries as well as their severity. In addition, we 
found that using NHE during both pre-training and post-
training had the greatest effect in preventing hamstring 
injuries. 
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