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ABSTRACT

Delay in achieving stability is one of the factors that can cause injury and re-injury
in athletes. Because many injuries occur during fatigue, the present study aimed to compare the effect of
fatigue on the time to stability in the head movement of players who have undergone anterior cruciate
ligament (ACL) reconstruction with healthy players.

[VETELE The present study is quasi-experimental. Twenty-four professional soccer players participated
in the study. Twelve healthy, active professional soccer players (control group) and 12 soccer players with
reconstructed anterior cruciate ligament by hamstring graft (experimental group) participated in this
study. Also, 6 to 24 months should have passed since their ligament reconstruction. After jumping and
crossing an obstacle to a height of 7.5 cm, the participants performed the task of heading and landing on
the force plate. These movements were repeated after the fatigue protocol. Information was collected
by the force plate (Kistler Instruments Sweden). Multivariate analysis of variance at the significant level
of P <0.05 was used for comparison between groups.

[{EETE According to the findings, fatigue affected the time to stability in the internal-external direction (P
<0.05). However, no difference was observed between the two groups in the internal-external direction
before fatigue. Also, no significant difference was observed between the two groups when achieving
stability before and after fatigue in the anterior-posterior and vertical directions.

It seems that a plyometric fatigue training session cannot differentiate between healthy
soccer players in the anterior-posterior and vertical directions from players who have undergone
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Introduction

nterior cruciate ligament (ACL) injuries

are common among soccer players. Move-

ments such as sudden changes of direction

and jumps are factors that can damage ACL.

The delay in time to stability after landing
is one of the factors that can increase the risk of re-injury
after ACL reconstruction. Regardless of the importance
of investigating the effect of fatigue on the biomechani-
cal factors during performing various sports tasks that
include landing, and according to the research, no study
has ever compared the effect of fatigue on the indicators
of time to stability between healthy soccer players and
soccer players with the ACL reconstruction. So, the pres-
ent study aimed to compare the effect of fatigue on the
achievement of stability in jumping between players who
had ACL reconstruction and healthy soccer players.

Materials and Methods

The study sample comprised 30 male professional soc-
cer players aged between 20 and 30 years who had at least
8 years of soccer experience and three training sessions
per week. At the beginning of the study, the demographic
form was completed by measuring the height, weight, and
length of the players’ legs. Other specifications were also
completed by the subject, including the injured leg and
the time elapsed since the operation. Before starting the
test, the subjects performed a 10-minute warm-up to pre-
vent injury, which included flexibility, slow running, and
stretching movements in the lower torso. Initially, the sur-
geon jump was used to determine the maximum vertical
jump. The subject stood against the wall and touched the
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wall with his middle finger, then bent down and jumped
upwards. The distance between two points is a record. The
subject was considered, and a stamp was used to iden-
tify the fingerprint. Subjects were then placed behind the
force plate and asked to be at the start point, which is half
the individual’s height to the landing site in the center of
the force plate. After being at the start point, the subjects
should jump over a 7.5-cm high conical barrier located
in the middle of the distance between the start point and
the center of the touch screen, and after crossing the bar-
rier, head to the ball that is fixed at a point of 50% of the
maximum jump height of each subject in addition to the
subject height. After the pretest, the subjects performed
the plyometric fatigue protocol. These exercises included
running and jumping, which included running at a high
speed of 10 meters in a round trip, jumping and landing
with both legs, jumping and landing single-legged, verti-
cal jumping, jumping over obstacles, tuck jumping, and
one leg between the lines. The subjects performed this
protocol to the point of exhaustion. The Borg scale of 6 to
20 was used to determine the degree of fatigue; rank 6 in-
dicates no fatigue, and rank 17 to 20 indicates exhaustion.
Immediately after the fatigue protocol reached the limit
of exhaustion and ranking above 17, posttests were taken,
and jumping over the obstacle and impact was repeated
to observe and evaluate the effect of fatigue. Analysis of
differences between groups before and after fatigue was
performed using multivariate analysis of variance. All
analyses were performed at a significance level 0.05 us-
ing SPSS software version 25.

Results
Based on the findings, it affected the time to achieve

stability in the internal-external direction (P<0.05), but
no differences were observed between the two groups in

Table 1. Descriptive findings before and after fatigue and results of multivariate analysis of variance

MeaniSD
Variables Component F P
Control Experimental

Internal-external (second) 1.75+0.18 1.74+0.17 0.030 0.864

Before fatigue  Anterior-posterior (second) 1.65+0.05 1.66+0.03 0.291 0.595
Vertical (second) 1.18+0.08 1.19+0.12 0.081 0.779

Internal-external (second) 1.83+0.08 1.70+0.18 5.179 0.033

After fatigue Anterior-posterior(second) 1.67+0.05 1.65+0.02 1.948 0.177
Vertical (second) 1.260.10 1.26+0.15 0.010 0.922
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the internal-external direction, as well as in the anterior-
posterior and vertical directions. No significant difference
was observed between the two groups in achieving stabil-
ity before and after fatigue (Table 1).

Conclusion

A plyometric fatigue training session does not seem
to differentiate healthy soccer players from players with
ACL reconstruction in terms of the anterior-posterior and
vertical directions. However, this difference was observed
in the internal-external direction after fatigue. Time to
stability is an index of dynamic stability measured in
the jump and landing motion. It is defined as the time it
takes for a person to stabilize after landing, so it is a fully
functional test. Athletes with better stability (the ground
reaction force stabilizes after landing faster) who stabilize
faster after jumping and landing moves are less likely to
be injured. Therefore, according to the results of our re-
search, plyometric fatigue was significant in the internal-
external component and not in the other two components.
According to the results of other research, it can be said
that athletes who have had ACL reconstruction after 6
months can use plyometric training programs with cau-
tion, and this depends on their rehabilitation conditions.
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