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ABSTRACT

In recent years, the use of motor learning training methods to reduce anterior cru-
ciate ligament (ACL) injuries has been considered by researchers, and finding the best training method
in this field has become very important. In this study, we aim to compare the effects of linear and non-
linear motor learning methods on kinematic variables during a landing task.

[METELE in this study, 24 students from Kharazmi University who were beginner basketball players, were
selected by a convenience sampling method, and divided into two groups of linear pedagogy (LP) and
non-linear pedagogy (NLP). They received training methods for two months, two sessions per week
(each for 90-115 minutes). In the LP group, the presentation of movement patterns and feedback was
used. In the NLP group, the manipulation of constraints (environmental factors and tasks) was used so
that the individuals could discover their own unique performance. The measured kinematic variables
were trunk flexion angle, hip flexion angle, knee flexion angle, knee valgus angle, ankle dorsiflexion
angle, hip range of motion, knee range of motion, ankle range of motion, hip flexion range, and knee
flexion range.

[{EEVTE The results of the analysis of covariance showed that the NLP had significantly better effects on
all kinematic variables compared to the LP (P<0.05).

[@TEIERT The NLP, by focusing on exploration and finding optimal solutions, is a more effective strategy
to prevent ACL injury by affecting kinematic variables. This emphasizes the role of constraint manipula-
tion in training.

[EEIEE Linear learning method, Nonlinear learning method, Kinematic variables, Anterior cruciate
ligament
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Extended Abstract
Introduction

he knee joint is one of the largest joints in
the body, whose ligaments are frequently
injured in various sports. The most common
knee injury is the anterior cruciate ligament
(ACL) rupture, and about 70% of ACL
ruptures occur due to non-contact mecha-
nisms, such as cutting, pivoting, and landing movements
in sports such as football, basketball, and handball. To
reduce or prevent ACL damage, training methods, es-
pecially linear and non-linear methods, can be helpful.
Studies have shown that the effect of non-linear pedagogy
(NLP) on various variables is higher compared to linear
pedagogy (LP). In the field of ACL injury, Mohammadi
Orangi et al. [ 10] showed that the NLP was more effective
than LP for ACL injury prevention. In their study, kinetic
and kinematic variables were found to be effective factors
in ACL injury prevention before and after training and in
the cutting task. This is the only existing research in this
field. Conducting a similar study using a landing task can
expand the results of Mohammadi Orangi et al.” study
[10]. Therefore, this study aims to compare the effect of
LP and NLP on kinematic variables during a landing task
to introduce an effective strategy to prevent ACL injury.

Materials and Methods

In this quasi-experimental study, the study population
consists of all students of Khorazmi University in Tehran,
Iran. The number of samples in two group of LP and NLP
was 12 (24 in total) who were selected by a convenience
sampling method. The samples were students aged 18-32
years who were beginner basketball players. Pre-test and
post-test phases included the measurement of kinematic
variables. The intervention included 16 training sessions,
each for 90-115 minutes for two months.

To collect kinematic data, a 6-camera motion analy-
sis system (Raptor-4 Digital Real Time System, United
States) was used with an accuracy of 0.5 mm for transla-
tional motion and 0.5 degrees for rotation in a volume of
4x4 meters. For this purpose, 21 reflective markers with a
diameter of 14 mm were installed according to the Vicon
Plug-in-Gait marker set as well as trunk markers on the
chest, clavicle, C7, T10 on the left and right sides. Using
Cortex software version 2.5.0.1160, the kinematic data
were recorded in the system. For performing the task, a
step was placed in front of the person, and the person was
asked to perform a single-leg landing from the step on
their dominant foot. The height of the step was the same
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for all the subjects, and each person performed the land-
ing task three times, and the average score was consid-
ered as the final score. Each person was given a chance to
practice the task once. The collected data were analyzed
in MATLAB software.

Results

The results showed a significant difference between the
two groups in all variables (P<0.05). We found that the
NLP group had significantly better scores than the LP
group in all variables after training, since the knee joint
angles had more flexion.

Conclusion
The results of this study emphasize the role of constraint
manipulation in training and highlight the fact that NLP,

by focusing on exploration and searching for optimal so-
lutions, has more effect on kinematic variables.
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