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Abstract

Background. Poor landing mechanics and core stability are risk factors contributing to
knee injuries, especially Anterior Cruciate Ligament injury, in military cadets. This
study aimed to investigate the effect of the Stop-X injury.

Methods. In this quasi-experimental study, 40 cadets were purposefully recruited and
randomly assigned either to an intervention (INT, n=20, age=19.05+0.68 years,
height=1.75+0.06 m, weight=72.70+4.18 kg, BMI=23.77+1.68 kg/m2) or control group
(n=20 participants, age=18.70+0.65 years, height=1.77+0.06 m, weight=74.10+4.90 kg,
BMI=23.53+2.24 kg/m2). Landing Error Scoring System and McGill’s stability tests
were used to evaluate landing mechanics and core stability at the baseline and the end of
the study. Then, the INT group performed the Stop-X program as a warm-up program
before each training session for eight weeks, whereas the CON group carried out their
routine warm-up program during this time. Mann-Whitney U and ANCOVA tests were
used to evaluate the changes.

Results. The results obtained in the intervention group in post-test in comparison with
the control group showed that there was a significant reduction in Landing Error
Scoring System test scores (P=0.001), and there were significant enhancements in core
stability tests (P=0.001). Moreover, the results in the intervention group revealed
significant reduction in Landing Error Scoring System test scores (P=0.001) and
significant enhancements in core stability tests (P=0.001), but there no significant
differences were observed in the control group (P>0.05).

Conclusion. In sum, the Stop-X injury prevention program may have improved landing
mechanics and enhanced core stability in military cadets. Thus, Stop-X program may
have reduced the risk factors associated with knee injuries in military cadets.

Practical Implications. Our findings suggested that the Stop-X injury prevention
program may have been used as a suitable warm-up program in military service instead
of traditional warm-up to improve the neuromuscular and biomechanical risk factors.
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Extended Abstract

Background

Military training exposes cadets to lower
extremity musculoskeletal injuries. These injuries
range from minor strains to major ligamentous
sprains. Most of these injuries, which occur during
military training, affect knees, especially Anterior
Cruciate Ligament (ACL). ACL injuries have been
found to increase over recent years, and it has been
reported that 2.1 ACL injuries per 1000 people occur
in the Finnish army every year. This problem not
only increases the number of injured people
dramatically, but also results in loss of military
manpower and combat capabilities. It has been
revealed that ACL injury during military service is
mainly inflicted due to non-contact injury, most
commonly by landing with the knee valgus position.
In order to prevent ACL injury in military personnel,
therefore, it is necessary to identify the risk factors
responsible for this injury and, then, to adopt proper
strategies to lower its risk.
There are numerous biomechanical and
neuromuscular risk factors associated with an ACL
injury, one of the most important of which is poor
landing mechanics. Studies have shown that
individuals with poor jump-landing mechanics,
which is measured with Landing Error Scoring
System (LESS) test, are more likely to pick up ACL
injuries. Moreover, individuals with weak core
stability are at higher risk of sustaining ACL injuries.
Therefore, identifying these risk factors and
developing proper injury prevention programs to
address these deficiencies are necessary. To address
these issues, the German Knee Society developed the
Stop-X injury prevention program designed to
replace a standard warm-up and improve muscle
strength, balance, and core stability while
highlighting the importance of following good
biomechanical movement patterns. Although there
are many injury prevention programs, the outcomes
are contradictory.
Moreover, few studies have investigated the effects
of injury prevention programs in military
environment. This study, therefore, aimed to
investigate the effect of the Stop-X injury prevention

program on landing mechanics and core stability
among military cadets.

Methods

The present study was a quasi-experimental study,
and its statistical population included young male
military cadets with poor landing mechanics. A total
of 116 cadets were selected from Imam Ali
University and assessed for eligibility. All
participants were informed of the study purpose and
asked to sign a written informed consent before
participation in the study. Ethical approval was
obtained from the Research Ethics Committee of the
Institute of Physical Education and Sports Sciences
Research Center (Code: IR.SSRI.REC.1400.1315).
Inclusion criteria were age between 18-20 years,
health, and fulfillment of the criterion of poor jump-
landing mechanics (LESS test score>6) during the
Landing Error Scoring System test in 2D video
analysis. By these criteria, 40 cadets were included in
the study. Afterward, participants were randomly
assigned either to an intervention (INT, n=20,
age=19.05+0.68  years, height=1.75+0.06 m,
weight=72.70+4.18 kg, BMI=23.77+1.68 kg/m2) or
control intervention group (n=20 participants,
age=18.70+0.65  years, height=1.77+0.06 m,
weight=74.10+4.90 kg, BMI=23.53+2.24 kg/m2) or
control group (CON, n=20).
Both groups were examined performing pre-test
and post-test. Furthermore, McGill’s stability tests
were used to evaluate core stability. All participants
had at least two years of experience in sport
trainings. During the 8-week period, three training
sessions were completed per week before military
training. The INT group performed the Stop-X
program as a warm-up program before each training
session, whereas the CON group followed their
routine warm-up program. During the usual warm-
up program, participants had to walk in different
directions within a small area applying different
lower extremity static and dynamic stretching
exercises. Both warm-up programs lasted for 20-25
minutes. Mann-Whitney U and ANCOVA tests were
used to evaluate the changes.
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Results

According to the results of independent samples
t-test, there was no difference among the study
groups in terms of age, height, weight, BMI, and
years of practice (P>0.05). In addition, there were no
significant differences among the pre-test LESS
scores and the core stability test scores (P>0.05). The
results of post-test in the intervention group,
compared to the control group, showed that there
was a significant reduction in Landing Error Scoring
System test scores (P=0.001), and that there were
significant enhancements in core stability tests
(P=0.001). Moreover, the results obtained for
intervention group showed significant reduction in
Landing Error Scoring System test scores (P=0.001)
and significant enhancement in core stability tests
(P=0.001); however, no significant differences were
observed in the control group in Landing Error
Scoring System test scores and core stability tests
after eight weeks (P>0.05).

Conclusion

It was concluded that implementing the Stop-X
injury prevention program for eight weeks may have
improved landing mechanics and enhanced core
stability in military cadets. Stop-X program included
strength, core, functional, and balance exercises, and

highlighted the importance of proper knee control
during landing. Moreover, Stop-X injury prevention
program was determined a multi-aspect training
program targeting neuromuscular factors associated
with knee injury, but routine warm-up program was
found to lack these factors and, as the result, to lack
the potential for correcting deficiencies present in
young cadets. It was revealed that the main
mechanism of knee injuries in military environment
was similar to that observed in sporting
environment, and that most injuries occurred during
exercises. Therefore, it was argued that
implementing similar injury prevention programs
may have reduced the risk factors and exerted
positive effects. It was also argued that the Stop-X
injury prevention program may have been
recognized as an appropriate program since it
contributed to improving landing mechanics and
enhancing core stability in young male cadets when
compared to a traditional warm-up program.
Moreover, it was found possible to effectively control
the potential risk factors responsible for ACL
injuries. Thus, this program may have contributed to
improving biomechanical and neuromuscular risk
factors associated with ACL injuries in military
cadets.
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