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() . ABSTRACT
hamstring injury is the most common injury in football. Nordic hamstring exercise
(NHE) is one of the best hamstring injury prevention strategies. This study was aims to compare the
effect of six weeks of standard NHE and modified NHE on electromyography of hamstring, hip and trunk
muscles and sprint performance in young male football players
[VETELE In this study, participants were 26 male football players in Kerman, Iran who were selected
using purposeful and convenience sampling methods and randomly divided into two groups of NHE
(Age: 16.31+0.51 years, Height: 173.0845.15 cm, weight: 59.85+5.71 kg) and modified NHE (Age:
16.41%0.54 years, Height: 173+6.84 cm, weigh: 64.208.76 kg). Sprint performance was measured by
the 20-meter sprint test, and muscles activity was measured by electromyography. Repeated-measure
analysis of variance was used for data analysis.

[THTE In the modified NHE group, there was a significant difference between the pretest and posttest
phases in the electrical activity of biceps femoris (P=0.001), semitendinosus (P=0.001), gluteus maximus
(P=0.016) and erector spinae muscles (P=0.001). In the NHE group, although the activity of muscles increased
by 13% in the biceps femoris, 11% in the Semitendinosus, 9% in the gluteus maximus and 4% in erector
spinae muscles, the difference was significant only in the biceps femoris (P=0.001) and Semitendinosus
(P=0.024). The results also showed a significant difference between the two groups in electrical activity of
biceps femoris (P=0.021), semitendinosus (P=0.046) and erector spinae muscles (P=0.039).

[@TEIERT Both standard and modified NHE are effective in preventing hamstring injury by increasing
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Introduction

ootball is the most popular sport in the

world. Although it brings health and vital-

ity, it is associated with the risk of injury.

Studies show that the incidence of injury

in professional football is 101 injuries per
1000 hours of exposure during matches. Of this, ham-
string injuries make up 37% of all muscle injuries which
is known as the most common muscle injury in football.
The risk of hamstring strain re-injury is 12-33%. This in-
jury has heavy consequences, including the unavailability
of key players or the interruption in the development of
young players, and causes a lot of concern for football
clubs. For this reason, there is still great interest in assess-
ing the mechanism of hamstring injury and developing
injury prevention strategies. The hamstrings connect two
joints that perform hip extension and knee flexion, and are
important for sprinting. Hamstring injury during sprinting
occurs during the late swing phase or the start of stance
phase, when the hamstrings contract eccentrically. Three
factors of low eccentric hamstring strength, hamstring
shortness, and low hamstring-to-quadriceps ratio are the
main risk factors of hamstring injury. Nordic hamstring
exercise (NHE) is currently the best hamstring injury pre-
vention strategy due to increasing eccentric strength. This
exercise is also a training or strength assessment method,
and a simple exercise for the intense activity of the ham-
strings. It can prevent hamstring injuries by 70%. Some
studies have changed the electrical activity level of mus-
cles during NHE by altering its parameters. However, it is
not clear whether a pause at a specific angle during NHE
can improve strength and speed of football players. There-
fore, in the current study, by adding the pause angle in the
modified NHE, we aim to evaluate the effect of NHE on
the electrical activity of muscles and training load.

Materials and Methods

The study population consists of all young male foot-
ball players in Kerman, Iran aged 16-19 years. Of these,
26 were selected using a purposeful and convenience
sampling methods and were randomly divided into two
groups of NHE (n=13) and modified NHE (n=13). The
electrical activity of the biceps femoris, semitendinosus,
gluteus maximus and erector spinae muscles was evalu-
ated. To record the electrical activity of the muscles, a
16-channel electromyography machine (EMG USB2+,
Bioelectronica, Italy) was used. The criterion for reaching
the desired level of skin impedance (low skin resistance)
was the change of the skin color to bright red. To reduce
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noise, other electrical devices were kept away from the
device. The signals recorded at a frequency of 1000 Hz
were filtered by using a suitable system determining the
range parameter between the 10-500 Hz frequency, low-
pass frequency (500 Hz) and high-pass frequency (10 Hz).
The active signals of the muscles were processed using
the root mean square (RMS). The 20-m sprint test was
used to measure the speed of subjects. Then, both groups
performed NHE using the modified protocol of Mjelsnes
et al. (2004). In the NHE group, the subjects lowered the
body toward the floor in at least 5 seconds. In the modified
NHE group, they were asked to pause for 5 seconds when
lowering the body at a 15° angle. In both groups, there was
a 10-second rest interval between each time of lowering
the body (to return to the initial position) and a two-minute
rest interval between each set. Finally, the mixed analysis
of variance (ANOVA) was used to examine the difference
between the pre-test and post-test phases (within-group
difference), and to assess the interaction effect of time and
group. The significance level was set at error 0.05.

Results

The results of mixed ANOVA (using Wilk’s lambda test
for correction by) showed that the interaction effect of time
and group was significant on the electrical activity of bi-
ceps femoris (P=0.021), semitendinosus (P=0.046) and
erector spinae muscles (P=0.039), but no significant effect
was found on the electrical activity of gluteus maximus
(P=0.424) and on sprinting (P=0.576). The results of this
test showed a significant difference between the pre-test and
post-test scores in the activity of biceps femoris (P=0.001),
semitendinosus (P=0.001), gluteus maximus (P=0.016),
erector spinae muscles (P=0.001), but there was no signifi-
cant difference in sprinting performance (P=0.976).

Discussion

Both methods of NHE can increase the electrical activ-
ity of the hamstring muscles; however, the modified NHE
is more effective in preventing the hamstring injury due
to the increase in the training load, and can strengthen the
hip and trunk muscles. Since the person is not allowed to
bend the torso and hips during the lowering of the body
toward the floor in NHE, a small forward movement cre-
ates a high torque in the knee and even in the hip and tor-
so. Therefore, pausing at any angle during the lowering of
the body can increase the training load. Football coaches
and players can use this method to be more effective.
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17. Shapiro-Wilk Test

18. Runs Test

19. Levene’s Test

20. Box's Test

21. Mixed Between-Within Subjects Analysis of Variance
22. Wilks’ lambda
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16. Maximal Voluntary Isometric Contraction (MVIC)
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