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Abstract  

Background:  Hamstring injuries represent about 50% of  
non-contact football muscle injuries, with recurrence rate 12- 
33%, even with preventive procedures.  

Aim of Study:  To investigate the effect of Nordic Exercise  
post training for the hamstring initial injury prevention.  

Subjects and Methods:  In this randomly controlled trial  
study, 34 professional football players randomly assigned into  
two groups, 17 players in each group, with age range 21-35  

years old. Group A (experimental): Subjects performed pre  
and post training Nordic Hamstring Exercise (NHE) while in  
Group B (control) they performed only the pre training NHE.  
The duration of therapeutic intervention in both groups was  
12 weeks and was performed beside the normal warming up  
and cooling down.  

Method of Evaluation:  Arabic version of Australian Foot-
ball association injury form was used to collect the injuries  

incidence for each subject in both groups.  

Results:  At the end of the therapeutic intervention, the  
mean of total risk time was 116.3±13.2 and 117.6±5.7 exposure  
hours for group A and B respectively, the experimental group  
showed reduction in the total number of injuries by 95% than  
last season, also the incidence of initial injury in group A was  
92% less than which in last season while in group B it was  
80% less than last season.  

Conclusion:  The pre and post NHE was more effective  
in reducing the initial hamstring injury rates in professional  

football players than the pre NHE alone.  

Key Words:  Hamstring injuries – Injury prevention – Eccentric  
– Pre-Nordic Hamstring exercise – Post-Nordic  
Hamstring Exercise.  

Introduction  

HAMSTRING  strain injury is the most common  
noncontact muscle injury for soccer players, rep-
resenting two thirds of the thigh muscle strains [1] .  
Having high injury and recurrence rate in the past  

Correspondence to:  Dr. Hend Adel Dorgham, The Department  
of Basic Science, Faculty of Physical Therapy, Cairo University  

3 decades, occur mainly before the end of each  
half when fatigue plays a role [2]  this could lead  
to inability to play for cup to 90 days [3] , which  
had a great time and financial loss [4] . The Nordic  
Hamstring Exercise (NHE) which is eccentric  
strengthening exercise is one of the most important  
components of the FIFA 11 + program proved to  
decrease the hamstring injuries by 51% among  
soccer players per 1000h of exposure [5] , this effect  
of NHE could due to increasing of muscle activa-
tion, a shift in optimum torque production towards  

longer lengths, this “injury-protective”, as the  
induced muscle damage leaded to sarcomerogenesis  
(increased muscle fiber length) allowing it to stretch  
further, only one NH training session reported to  
cause immediate shift (7.7º) in optimum knee  
flexion torque, which was sustained at 10-day post-
exercise [6] . A 10 weeks NH showed 20.8% fascicle  
length increase [7] .  

The percentage of injury prevention risk rate  
varied and was not all the same level of effective-
ness, as applying FIFA11 + resulted in 20-50%  
reduction [8]  and it was found that high compliance  
to the 11 + led to significant decreased the injury  
risk by 57% [9] . Also the percentage of the ham-
string injury prevention rates by performing the  
pre-training NH varied between studies and varied  
from 51% [10] , 65-70% [11] , 57-72% [1] . The elite  
European soccer premier league reported poor  
effect with NHE with only  11%  in randomized  
controlled trials [12] . Recently adding post to pre  
training FIFA 11 + prevention program as cooling  
down program to the normal pre-training FIFA11  
+ as warming up found to decrease the injury by  
82% of all the lower limb injuries with only com-
pliance 85% to program [10] . In 2017 it was rec-
ommended that future research include medical  
staff to conduct more effective studies in injury  
prevention with high compliance rate [5] . Since  
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adding the post FIFA 11 + was effective [10] , and  
it was reported that only post training Nordics  
(completed in fatigued state) resulted in 1.58cm  
increase in muscle fascicle length after 12 weeks  

of training [1] . It was difficult to find a study in  

the literature adding the NHE as a post-training  
exercise program beside the normal pre-training  

one, to result in more reduction of hamstring inju-
ries, so there was a need to fill the gap and find a  

more effective hamstring injury prevention pro-
gram.  

Subjects and Methods  

The study design is a randomized controlled  

trial as pretest, posttest design, which was conduct-
ed in 2018 summer football season on 1 st  team  
sporting football club. Randomly from 5 teams  

from Alexandria Football Clubs, in Egypt, 1 team  
was randomly chosen by simple randomization.  
Thirty four male active professional football players  
with normal healthy subjects were involved in this  

study, all the participants were free of any hamstring  
injury at least for 6 months before applying the  

protocol. A power analysis was performed to con-
firm that the sample size was adequate and enough.  
At 95% Confidence Interval (CI) the sample size  

was 34 subject, the power of the study was 80.0%.  
All players were randomly assigned to one of two  

groups (A and B) of equal number, using opaque  

sealed envelopes.  

Group I (experimental) included 17 players  

who performed the NHE as pre and post training  
program. Group II (control) included 17 players  

who performed only the NHE as pre training pro-
gram, both apply the protocol beside traditional  

warming up and cooling down exercises. The  
hamstring injury rates of the team was recorded  

from the history data of the club of the last season.  

Then these results were compared to the results  

found after 3 months of interventions in both groups  

through Arabic injury form. The injury incidence  

rate, and Injury Risk Ratio (IRR) were calculated  
for each group. Before enrollment in the study,  

each player signed an informed consent.  

Treatment procedures:  

The program was administrated for 12 weeks,  

twice per week except the first week was once/  

week, as pre training exercise according to Lovell  

et al., 2017 [1] .  

Nordic Hamstring exercise:  Fig. (1) showed  
the player starting position in kneeling position,  
with the torso from the knees upward held rigid  

and straight. The physical therapist ensures that  

the player's feet are in contact with the ground  

throughout the exercise by sitting in her both knees  

and applying pressure to the player's heels/lower  

legs. The instruction given to the player to lower  

his upper body to the ground, as slowly as possible  

to maximize loading in the eccentric phase. As  

shown in Fig. (2) hands and arms are used to break  

his forward fall and to push him back up after the  

chest has touched the ground, to minimize loading  

in the concentric phase.  

Warming up and cooling down:  

The traditional warming up for 20min in the  

form of Brazilian exercises; in the form of high  
knee jumps, arm swings, faster high knees, side  

stepping, upper body rotations, run pace, counter  

jumps were performed by all participant shared in  
this study  [13] . The normal cooling down: Was  
done by cold water immersion for 10min [14]  and  
low-intensity aerobic running was the chosen as  

mode of active recovery from the exercise [15] .  

Outcome measures:  

The primary outcome of this study was the  
hamstring injury incidence as initial. Injury inci-
dence was reported in absolute numbers as well  
as the injury incidence rate for number of injuries  
per 1000 player hours in matches and training.  

Table (1): The NH as pre-training program.  Table (2): The NH as post-training program.  

Week  
Session  

frequency  Sets  Repetitions  
Weekly  
volume  Week  

Session  
frequency  Sets  Repetitions  

Weekly  
volume  

1  1  2  5  10  1  1  1  2  5  
2  2  3  5  30  2  2  1  2  10  
3  2  3  6  36  3  2  1  3  12  
4  2  4  6  48  4  2  2  3  24  
5  2  4  7  56  5  2  2  3  28  
6  2  4  7  56  6  2  2  3  28  
7  2  4  8  64  7  2  2  4  32  
8  2  4  8  64  8  2  2  4  32  
9  2  4  9  72  9  2  2  4  36  
10  2  4  9  72  10  2  2  5  36  
11  2  4  10  80  11  2  2  5  40  
12  2  4  12  96  12  2  2  6  48  
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Fig. (1): Illustrating the Nordic Hamstring Exercise therapist  
and patient starting position.  

Results  

34 professional male football players with ages  
mean 24.3±3.8 years old, were assigned into two  

equal groups, 17 players each (intervention and  
control). All of them completed the full protocol  

except 2 players from the intervention group were  
excluded because of injuries causing absence for  
more than a week.  

Baseline characteristics of the players included  

in the study were showed in (Table 3) as age,  
weight, height, BMI, and leg dominance, by apply-
ing t-test and chi-square test, there was no signif-
icant difference between the two groups at (p>0.05),  
which mean they are homogenous groups.  

Exposure time:  
During the 12 weeks program, the players of  

the two groups of the study had average exposure  

time to training sessions and playing matches, in  

which the intervention group had 116.3 ± 13.2 hours  
total, and the control group had 117.6 ±5.7 hours  
total, which by applying t-test found there was no  
significant difference between the two groups at  
95% CI (0.65-3.2), at p>0.05.  

Effect of the intervention on the whole injury  

incidence:  
By applying chi-square test between the two  

groups it was found that there is a significant  

increase in the whole injury in control group more  
than experimental group, as the experimental group  

had only one injury representing 5.9% of the inju-
ries while the control had 4 injuries representing  
23.5%, with  p-value <0.05.  

Effect of the intervention on initial injury:  
Chi-square test was used to compare the ham-

string muscle initial injury between both groups,  
with the end of the intervention protocol in both  

groups only one hamstring muscle initial injury in  

Fig. (2): Nordic Hamstring Exercise ending position.  

the group A and 3 in group B (control) were re-
corded and at 95% CI (0.56-1.65) and χ2

(1)=1.133  
the  p-value was 0.287, as shown in Fig. (3) there  
was no significant difference between the two  

groups.  

Comparison between the two studied groups  

and the whole past team regarding initial injuries:  
By applying the chi-square test ( χ

2
=8.25) at  

95% CI (0.21-0.74), as shown in Fig. (4). It was  

found that the initial injury in past team injures  

was 35.1%, this percent was highly significant  
more than the other two groups of study (experi-
mental and control group) p<0.05.  

IRR:  
By using the following equations:  

The no. of incidence inj  
Injury incidence rate = X 1000  

Total time at risk  

Injury incidence in intervention gp  
IRR = [5]  

Injury incidence in gontrol gp  

There was totally 70% prevention percentage  
than the previous season and 92.3% prevention  

compared to only the intervention group comparing  
to the previous season total injuries.  

Table (3): Demographic data of subjects in both groups.  

Items  Group A  
mean ±  SD  

Group B  
mean ±  SD  

Comparison  
p-value  

Age (years)  24.2 ±3.2  24.5 ± .4.4  0.412 N.S  
BMI (kg/m2)  22.4 ±0.4  22.5 ±0.2  0.251 N.S  
Height (m)  1.80 ±0.10  1.90 ±0.11  0.093 N.S  
Weight (kg)  74.6 ±7.2  77.8 ±6.0  0.083 N.S  

Leg dominance:  No.  %  No.  %  

Right  16  94.1  15  88.2  0.744 N. S  
Left  1  5.9  2  11.8  

Group A: Intervention group. SD: Standard Deviation.  
Group B: Control group. P : Probability.  
p  is significant if <0.05. NS: Non-Significant.  
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Yes No  
Initial injury  

Fig. (3): Comparison between the two studied groups regarding  
the initial injury.  

Yes No  
Initial injury  

Fig. (4): Comparison between the two studied groups and the  

whole past team regarding initial injuries.  

Discussion  

This randomized control trial was conducted  
to investigate a more effective eccentric hamstring  
strength training in the form of NH program as pre  
and post training than the traditional pre-training  
program to reduce more the hamstring injuries  
incidence rates and recurrent for male professional  
soccer players.  

The Arabic version of Australian Questionnaire  
to detect injury prevention adoption by the team  
which considered a limitation for this study [2]  was  
controlled as much as possible in this study by the  
baseline characteristics of the players included in  
the study as age, weight, height, BMI, and leg  
dominance, by applying t-test and chi-square test,  
there was no significant difference between the  
two groups at (p>0.05), which mean they were  
homogenous groups.  

Also the players of the two studied groups had  
average exposure time to training sessions and  
playing matches, in which the intervention group  
had 116.3± 13.2 hours total, and the control group  
had 117.6±5.7 hours total, which by applying t-
test found there was no significant difference  
between the two groups at 95% CI (0.65-3.2), at  

p>0.05, this similarity in exposure time may over-
come the long time (after the full protocol termi-
nation) for recording injuries incidence.  

Within this limitations, the results of this study  
revealed that the there was a significant increase  
in the whole injury in control group more than  
experimental group, as the experimental group had  
only one injury representing 5.9% of the injuries  

while the control had 4 injuries representing 23.5%,  

with p-value <0.05, also there was no significant  
difference between the two groups in the hamstring  
muscle initial injury at the end of the intervention  
protocol in both group as p-value was 0.287.  

This results were in agreement with recent  
study in 2018, which found that Nordic hamstring  

is proved to be very effective even with the shortest  
protocol for 4 weeks [16] , but in the present study  
the intervention protocol duration was 12 weeks  

which consider the more sufficient duration for  
muscular adaptation for prevention of hamstring  
injuries [10] , also the current study results were in  
line with another study which reported that the  
muscle thickness and fascicle angle of pennation  
increased more when applying the Nordic hamstring  
as post training rather than applying it as pre  
training protocol [1] . Furthermore this results were  
in agreement with a study which revealed that the  
pre training protocol only not sufficient for ham-
string muscle injuries prevention [17] .  

The compliance and adherence to the applied  
protocol was mentioned as a very effective factor  
in the results obtained and the effectiveness of the  
protocol [9] . The efficacy of the pre-and post-
training FIFA 11 + injury prevention program was  
related to the degree of compliance; that is, the  
greater the compliance, the greater the reduction  
in injuries [2] . Compliance with the injury preven-
tion program is very important and can significantly  

affect the outcomes [10] , and so the compliance in  
the study was the highest as possible and only two  
players were excluded from the intervention group  
sample due to injury leading absence more than a  
week, and the whole other players full completed  
the whole program as 50 sessions for the interven- 
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tion and 25 sessions for control group, and the  

compliance percentage was the highest compared  

to the other studies in the same area of research,  

it was calculated on the basis of information pro-
vided by the researcher, it was found to be 100%  

for the control group, 98.7% for the intervention,  
and total compliance 99.3%, and that was the  
highest compliance could be achieved. According  
to this results, a similar study should be conducted  

on a large number of football teams to provide a  
wide representation of the data, another study  

should be done on different professional levels to  

provide more evidence for the exercise effective-
ness in different levels, also further studies using  

objective tool for assessment of injury should be  

done.  

Conclusion:  

Both applying the NH as pre training only and  
pre and post training protocols results in significant  

decrease in the initial injury rates, so decreasing  

the days of absence because of this injury, but  

applying the NH as pre and post training was more  

effective in decreasing the whole injury rates com-
pared to applying it only as pre training only in  
regard to the whole group injury.  

Recommendations:  

1- A similar study should be conducted on a large  
number of football teams to provide a wide  

representation of the data.  

2- A similar study should be conducted on a female  

football team.  

3- Further studies should be done on different  

professional levels to provide more evidence  
for the exercise effectiveness in different levels.  

4- It is recommended to use another objective tool  

for assessment of injury and measuring the peak  
torque of the muscle.  

5- It is recommended to apply the whole FIFA 11  

+ protocol including the NH and discus the  
results of injury prevention.  

Limitations:  

This study was limited by following factors:  

- Questionnaire to detect injury prevention adoption  

by the team.  

- Injury form to collect injuries during the period  

of applying the protocol.  

- Injuries were recorded after 12 weeks (after the  

full protocol termination).  
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