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Abstract

Introduction: After reconstructing the anterior cruciate ligament, to prevent re-injury
of the ligament, evaluation of neuromuscular function is of clinical importance in
coordinating the onset time and time to peak of lower limb's muscles activity. Aim:
Therefore, the purpose of this study was to compare the timing of muscle activity in
the stance phase of running between athletes with reconstructed anterior cruciate
ligament and healthy subjects.

Methods: This study was a semi-experimental and applied type. Ten athletes with
reconstructed anterior cruciate ligament who at least one year had passed since their
surgery, as experimental group and ten healthy subjects as the control group of
Hamedan city were volunteered to participate in the study. The control group, in
terms of age, height, and weight, were homological with the experimental group.
The surface electromyography system was used to quantify the onset time and time
to peak of the lower limb's muscle activity. Multivariate MANOVA, with a
significance level of P < 0.05, was used for statistical analysis.

Results: In the experimental group, the onset of the activity in tibialis anterior, medial
gastrocnemius, vastus medialis, vastus lateralis, gluteus medius (P = 0.001), as well
as the time to peak in tibialis anterior, vastus lateralis, vastus medialis, gluteus
medius, semitendinosus (P = 0.001) and biceps femoris (P = 0.045), were delayed.
Conclusions: During the stance phase of running, the experimental group displayed
a delay in the activation onset and a longer time to peak in the lower limb's muscles.
It is not clear if these changes are due to a neuromuscular adaptation or
proprioception related damage. A more comprehensive study is recommended to
clarify this aspect. It is recommended to assess the possible link between these delays
with the reoccurrence of anterior cruciate ligament rupture.

Extended Abstract

OBJECTIVE

nterior cruciate ligament rupture is more
common knee injury in athletes and, in addition
to joint mechanical instability, due to
disturbance of the knee proprioception system,
it causes poor balance and loss of athletic performance
[2]. After reconstructed anterior cruciate ligament, the

amount of activity and lifestyle changes [6], and there is
often the risk of osteoarthritis and meniscus tear in these
people [7]. Regarding the mechanism of anterior
cruciate ligament rupture, it is believed that excessive
mechanical loading at the knee simultaneous with rapid
deceleration, abrupt change of direction during landing
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or running, are important risk factors for this injury [8,
9]. In maneuvers accompanied by changes in
acceleration and direction of movement, the lower
extremities may be in a locked position. In these
conditions, excessive ankle pronation, internal tibial
torsion, Knee valgus and external rotation of the thigh
occurs that the anterior cruciate ligament is overloaded
suddenly and these are the leading causes of ligament
rupture [10]. Muscles are responsible for the
distribution and absorption of these dynamic loads on
the lower limbs [ 15]. At this stage, the nervous-muscular
system decreases the mechanical forces applied to the
knee by controlling the duration of the activity, the
intensity of exercise, and the onset of use [16]. In the
running, the lower extremity is continuously subjected
to mechanical load stress, and this loading becomes
more severe with fatigue and loss of muscle function.
During running slowly, the loads fall below the
physiological threshold level. However, sometimes due
to mechanical conditions and inadequate muscle
response when performing the maneuvers, the total
exceeds overtime interval, and the rupture of the
anterior cruciate ligament occurs [12]. When the
anterior cruciate ligament is damaged or replaced by a
graft, many of the primary mechanoreceptors and neural
connections are not restored. In addition to the
mechanical function of the anterior cruciate ligament,
this ligament provides essential sensory information for
understanding the joint status and detecting threshold
motion and muscle reflex stability to maintain collective
balance [44]. After reconstructing the anterior cruciate
ligament, to prevent re-injury of the ligament, evaluation
of neuromuscular function is of clinical importance in
coordinating the onset time and time to peak of lower
limb's muscles activity. Therefore the purpose of this
study was to compare the timing of muscle activity in the
stance phase of running between athletes with
reconstructed anterior cruciate ligament and healthy
subjects.

MATERIALS AND METHODS

This study was a semi-experimental and applied type.
Ten athletes with reconstructed anterior cruciate
ligament who at least one year had passed since their
surgery, as experimental group and ten healthy subjects
as the control group of Hamedan city were volunteered
to participate in the study. The control group, in terms
of age, height, and weight, were homological with the
experimental group. Surface electromyography system
was used to quantify the onset time and time to peak of
lower limb's muscles (tibialis anterior muscle, medial
gastrocnemius muscle, lateral gastrocnemius muscle,
vastus medialis muscle, vastus lateralis muscle,
semitendinosus muscle, biceps femoris muscle and
gluteus medius muscle) activity in the stance phase of
running. For both groups, each subject runs three times
on an 18 m path in the lab at an average speed of 2.5 m /
s (9 km / h). Running gear was calculated based on the
kinematic data from the cameras. Each repetition of the

tests was allowed if the individual moved at a specified
speed and landed on the force plate device with the leg
reconstructed. Multivariate MANOVA, with a
significance level of P< 0.05, was used for statistical
analysis.

RESULTS

In the experimental group, the onset of the activity in
tibialis anterior muscle, medial gastrocnemius muscle,
vastus medialis muscle, vastus lateralis muscle, gluteus
medius muscle (P = 0.001) as well as the time to peak in
tibialis anterior muscle, vastus lateralis muscle, vastus
medialis  muscle, gluteus medius  muscle,
semitendinosus muscle (P = 0.001) and biceps femoris
muscle (P = 0.045) were delayed.

CONCLUSION

During the stance phase of running, the experimental
group displayed a delay on the activation onset and a
longer time to peak in the lower limb's muscles. These
delays may be related to the recurrence of anterior
cruciate ligament or the occurrence of osteoarthritis. It
seems that people with anterior cruciate ligament
surgery due to proprioception abnormalities during
injury as well as residual proprioception abnormalities
after surgery and neuromuscular system changes have
delayed onset of activity and time to peak muscle
activity. Therefore, delays in the start of the event and
the time to peak of the productive force of these muscles
are risk factors. Periodically, Muscle rehabilitation
should be taken seriously to increase muscle strength
and coordination and Improvement proprioception
receptors in these patients after surgery. It is not clear if
these changes are due to a neuromuscular adaptation or
proprioception related damage. A more comprehensive
study is recommended to clarify this aspect. It is
recommended to assess the possible link between this
delay with the reoccurrence of anterior cruciate
ligament rupture and occurrence osteoarthritis.
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